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PREFACE TO THE FIRST EDITION

My object in writing the following pages has been to
describe as simply as possible the various Pathological processes
which are of interest to the student of surgery.

With this intention, T have, throughout this book, dealt
first with diseases as they are met with during life, and have
then deseribed their natural courses and terminations, and the
morbid appearances presented by the structures involved.

I have endeavoured, as far as possible, to express the current
view of pathologists, especially those of the English school; but
have not hesitated to make use of my own observations and of
the abundant pathological material supplicd by the museum
and post-mortem room of St. Bartholomew’s Hospital. The
space at my disposal and the nature of the work have not
permitted many references to the authors consulted, and the few
that are made relate chiefly to papers whose contents are not
vet generally included in the text-books.

The drawings with which the book is illustrated are original,
and have been made by Mr. T. Godart from specimens now in
the museum of St. Bartholomew’s Hospital, with the exception
of five which are from specimens in that of St. Thomas’s
Hospital. T believe that all of them are faithful copies of the
morbid appearances they represent. The blocks for printing
have been prepared by the ** Typo-Etching Company.”

My best thanks are due to my friends Mr. James Berry,
Mr. D’Arey Power, and Mr. Edgar Willett for much valuable
advice, and for assistance in revising the proof-sheets.

AxTHOoNY A, BowLsy.

43 QUEEN ANNE STREET,
Sept. 1887.
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SURGICAL PATHOLOGY

CHAPTER I
HYPERTROPHY AND ATROPHY

Hypertrophy

HyperTROPHY means increase in size, due to an overgrowth
of the normal tissue elements, and is a term usually limited
to such enlargements as are evidently abnormal in their
extent.

The increase in size of any tissue may be the result of an
increase in either the number or the size of its constituent
elements, the former variety being called numerical, the latter
simple; they are frequently coinecident. In true hypertrophy
the various constituent parts of the organ or tissue affected are
all equally overgrown ; in false hypertrophy, although the organ
or tissue is larger than natural, the overgrowth is due to an
inerease of one or more of its constituent elements, to the exelu-
sion of others. The term hypertrophy is indeed misapplied in
such instances, for if it be employed to imply increase in size
it is evident that it should not be used where there is, in
addition, alteration in structure.

There are two chief causes of hypertrophy : first, increased
use; second, inereased blood-supply. With regard to the former,
it may be said that increase of funetion is always accompanied by
increase in growth, so long as the work required be not excessive.
True physiological hypertrophies, the result of increased use, are
best seen in the muscles of a healthy person when called upon
for greater exertions than are usual, or in the uterus during preg-
nancy. From a pathological point of view they are most often
the result of disease of some other tissue or organ, whose impaired
functions are supplemented by increased funetional activity in
the healthy parts. Examples of such seeondary or compensatory

1



2 HYPERTROPHY

hypertrophies are common, and good instances are supplied in
the hypertrophy of one kidney when the other is diseased, the
increase in size of the fibula when the tibia is congenitally absent,
and the thickening of the muscular walls of the heart in cases
of valvular disease, or of those of the bladder in obstructions
caused by enlarged prostate or stricture of the urethra.

The hypertrophy which results from inereased blood-supply
may ocecur in tissues which are otherwise normal, but 1s most
often seen in connection with irritative or inflammatory lesions.
Hunter’s experiment of transplanting the spur of a cock on to
its comb affords an excellent example of the former, for the spur,
nourished by a greatly inereased vascular supply, grew to many
times its original size. In the same way, the hair in the neigh-
bourhood of a ehronic uleer or an inflamed joint, though itself
healthy, often grows longer and becomes more thick on account
of the wvascularity of the skin in the neighbourhood of the
inflamed area.

More often, however, the overgrowth which is dependent on
inereased blood-supply is the result of some abnormal condition
of the tissue itself. Thus, the irritation of a badly fitting boot,
or the intermittent pressure of a tool on the skin of the palm,
often results in the thickening of both the derma and epidermis,
and the effect of intermittent pressure on a bone is similarly
shown in the formation of new bone from the periosteum.
Hypertrophies such as these are called irritative. It is worth
while to mention yvet one other instance, for the results are
sometimes very striking. In ecases of chronie inflammation kept
up by any cause in the neighbourhood of the epiphysis of a
growing bone, the inereased supply of blood to the developing
tissue is followed by a corresponding inerease in growth, and
thus the limb on the diseased side may become longer than its
fellow. In the tibia such overgrowth is accompanied by eurva-
ture, for, being fixed to the fibula, it is unable to grow in length
more rapidly than the latter bone, unless at the same time it
yields to the resistance offered by the fibula,

In some cases parts become hypertrophied without any
apparent cause, and a toe or a finger may continue to grow after
the growth of its fellows has ceased, till it becomes more than
twice the normal size.  In other eases whole limbs become hyper-
trophied, but we know no more what is the cause of this over-
growth than we know why the growth of any one part of the
body ceases when its natural development has been attained.



ATROPHY 3

Atrophy

Atrophy means diminution in size without alteration in
structure, and, if the term be strictly used, pure atrophies will
be found to be of rare oceurrence.

Causes.—The most important causes of atrophy are, first,
deficient blood-supply; second, deficient use. The deficient
blood-supply is frequently itself the result of some morbid
process, and is often caused by pressure. As already mentioned,
intermittent pressure, by ecausing irritation, induces hyper-
trophy; but continuous pressure, on the other hand, induces

LY

Fig. 1.—Part of the Base of a Skull, showing a cork, surrounded by several layers
of tape, plugging an aperture in the hard palate.

atrophy. No better instance of this can be desired than the
atrophy of all the tissues which 1s often caused by the pressure
of an aneurysm, for not only are the soft structures destroyed,
but bones and ecartilages may be completely removed. Thus,
in the case of an aortic aneurysm, the ribs or the sternum may
be either simply eroded or entirely absorbed in their whole
thickness, and the bodies of the vertebree may be similarly
affected ; this absorption or atrophy results from the oblitera-
tion of the blood-vessels by the pressure of the aneurysmal sae.
The specimen depicted in Fig. 1 shows the complete absorption



4 ATROPHY FROM PRESSURE

of the whole of the hard palate caused by the constant wearing
of a cork inserted to plug an aperture which communicated with
the nostrils. The patient was an old woman, and as the hole
constantly grew larger, it became necessary to increase the size
of the cork, and finally to add to its circumference by wrapping
it with strips of tape.

The atrophy which results from deficient use or diminished
funetional aetivity is well seen in the
condition of a limb in which one of the
joints has long been diseased. In sueh,
the soft tissues as a whole are diminished
in bulk, and musecles, vessels, and nerves
all share in the general atrophy. The
bones do mnot escape; they become
hollowed out from within, and reduced
to mere shells—eccentrie atrophy—whilst
at the same time their transverse dia-
meter also lessens—concentrie atrophy—
and thus both ececentric and concentrie
atrophy go hand in hand. Similar wast-
ing may be seen in the tissues that form
an amputation stump, the bone in which
is often atrophied to such an extent that
it measures less than a third of its normal
circumference (Fig. 2). The diminution
of the optic nerve after removal of the
eyeball, and of the renal artery when
the corresponding kidney has been de-
stroyed, afford other good examples of
the same process.

Fic. 2—The Upper Half Many more varieties ol atrophy might
ofa Humerus floma Stump.  be mentioned, but not only are they
18 DN 18 DO manisne 3 : z
in circumference and hol- More suitably diseussed in works on
lowod eut from within, the  general pathology—they are also for the
diminished in thickness. most part physiological rather than
pathological. Thus, the atrophy of the
thymus gland in childhood and of the breasts after the
cessation of menstruation cannot justly be considered as
in any way abnormal, and therefore find no place in works
on pathology, except for purposes of comparison or illus-
tration. Another ecause of atrophy which is commonly
mentioned 1s excessive use, but it is questionable whether







CHAPTER 11
DEGENERATION

THE term degeneration is used to imply changes in the strueture
and chemical composition of cells, tissues or organs whereby
they are less fitted to perform their normal functions. There
is no fixed line between degeneration and actual cell-death; the
former is often a precursor of the latter. In the case of tissues
and organs the term degeneration is often used to signify the
replacement of the specialised elements by tissue of a lower
order such as fibrous tissue. The various degenerations are
always due to disturbance of nutrition.

Fatty Degeneration

This is one of the commonest degenerative changes, and
owes its name to the fact that the cells become loaded with fat
granules, which may fuse into a large droplet filling the cell.
This process 1s sometimes associated with evident disintegration
of the cell protoplasm, and then deserves the name fatty
degeneration. At other times this is not so: the fat merely
accumulates as a reserve in the cell, pushing the protoplasm
and nucleus to one side. This is called fatty infiltration and is
an exaggeration of a physiological process.

The distinetion is an important one. Some fatty cells are
degenerate and others are not : the one eondition is grave, the
other may be trivial, though the excessive accumulation even of
physiological fat may produce serious results, as in fatty over-
loading of the heart. But in actual practice it is sometimes
difficult to draw a sharp distinetion between the two conditions.
In the heart it is easy; it has only to be determined whether
the fat is in the muscle fibres themselves, or in the connective
tissue between them. In the liver it is exceedingly diffieult,
for normal liver cells always contain fat granules, and it may
be hard to decide whether or not the cell protoplasm is actually
degenerate.

]



FATTY DEGENERATION (|

Virchow’s teaching was that in true fatty degeneration the fat
arose from a splitting up of the cell protein. In recent years
this view has been gravely called in guestion. There is no
satisfactory proof that protein can be directly transformed into
fat, though the change may oecur indirectly, the protein being
broken up and in part reconstituted as fat. The tendency
nowadays is to deny the conversion of protein into fat as a direct
degenerative process, and to regard the change as always infil-
trative-—1. e. as a deposit of fat brought from without. But
such infiltration is often a concomitant of independent degenera-
tive change ; indeed the moribund eell is peculiarly liable to fatty
accumulation, if only because it cannot utilise the fat brought to
it. It is certain that the amount of fat present in a fatty organ
is often greatly in excess of what could have been produced
locally from protein disintegration. Nevertheless, with a very
slight change Virchow’s doetrine holds good in many cases,
The protoplasm of which cells consist is not pure protein, but
an intimate admixture of this with fats—an admixture so close
that the presence of the fat cannot be shown microscopically.
If for any reason the nutrition of the eell suffers, the combina-
tion may be broken down and the fat becomes microscopically
demonstrable. This process has been termed *° fat-disclosure,”
and it has been proved that an organ such as the kidney may
present the appearances of advanced fatty degeneration
without any real increase in the amount of fat revealed by
chemical analysis.

Of the causes leading to fatty degeneration one of the most
frequent is a diminution in the supply of oxygen. This directly
interferes with the ability of the cell to avail itself, by oxidation,
of the fat brought from without. This is seen in grave anwemias
and in phthisis, but anything which diminishes the due supply
of arterial blood will produce the same effect.

Thus, an organ by becoming hypertrophied may outgrow its
blood-supply—a condition which is well exemplified in cases of
heart discase and of obstruction to the outflow of urine. The
heart in one case, the bladder in the other, become hypertrophied
to meet the increased work thrown upon them, and so long as
the vascular supply inecreases in just proportion all goes well.

But the day comes when the tissue outgrows its blood-supply,
and then fatty degeneration ensues, the hypertrophied organ
becoming dilated, and soon failing to expel its contents, It will
thus be seen that hypertrophy and fatty degeneration may
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co-exist in the same organ. And what is true of hypertrophy

applies also to new growths. Many tumours outgrow their vas-
cular supply, and consequently degenerate in their oldest and
most central parts. Thus, in seirrhous ecarcinomata it is common
to find fatty degeneration of the epithelial cells, and in sarcoma-
tous growths many of the cells become filled with granules of oily
material. So also with inflammatory produets. In all inflam-
mations there is a tendency to fatty change in the leucocytes
which have emigrated from the vessels: the chief elements of
pus are leucocytes in a state of fatty degeneration. Fatty
degeneration is well marked in tuberculous inflammation,
and is exemplified by the fatty mass of disintegrated eells
which fills a caseous lymphatic gland, or the pulpy synovial
membrane seen in tubereulous joints. Again in the selerotie
changes of arteries, whose intima, it must be remembered, is
nourished by osmosis, the tissues are peculiarly liable to degener-
ate and form the so-called atheromatous abscesses and ulcers
met with in arterio-selerosis. Thus, whether the inerease in
size in a tissue be due to hypertrophy, to new growth, or to
inflammatory exudation, unless the blood-supply increase in
proportion to the growth, fatty degeneration will ensue.

But whilst, on the one hand, fatty degeneration may be
caused by overgrowth of the tissue to be nourished, on the other
it may result from cutting off of the normal blood-supply. Here,
again, the heart affords an excellent example, for, when its
coronary arteries are atheromatous and its musecle imperfectly
supplied with blood, fatty degeneration of the walls of the
ventricles commonly results, and may lead to the death of
the patient cither by failure of the heart’s action or by rupture
of the ventricle itself. Considering that atrophy, as we have
already seen, is due to the same cause as fatty degeneration,
namely deficient arterial supply, we should rather expect to
meet the two processes oceurring together; and such indeed
is the case. The atrophy of the tissues in old age is not a simple
atrophy, but is almost always accompanied by fatty degenera-
tion, and both are probably to a great extent dependent upon
the sclerosis of the vessels which is common in old people.
Again, in the atrophy which results from disuse there is fre-
quently also fatty change, and the wasting of the glandular
tissues in old age, and of the muscles as well as of the bones in
useless limbs, is almost always accompanied by degeneration.

If a tissue in a state of fatty degeneration be examined



COLLOID DEGENERATION 9

microscopically, its cells and fibres will be seen infiltrated with
fatty granules, and, in eases of long standing, plates of cholesterol
and crystals of fatty acids or their salts may be found. If
sections are stained in osmic acid, the fatty particles are turned
black; whilst if they are exposed to the action of ether, they
are rapidly dissolved. There is a group of anilin dyes, of which
** Soudan IIL.” is the type, staining fat of a bright red colour.
This is the simplest as well as the most delicate reaction for
fatty changes in the tissues.

Mucoid Degeneration

Mucoid degeneration, occurring as a pathological process,
has its physiological type in the formation of mucus by the
glands of a mucous membrane. In these the protoplasm of the
cells is constantly undergoing metamorphosis into a semi-
transparent substance, which distends the cell to bursting, and
finally escapes from within it. The epithelia of diseased tissue
or of new growths may secrete a like material, and in other
cases the ground substance between the eells undergoes similar
degenerative change. Thus, in the sarcomata, chondromata,
and myxomata it is ecommon to find portions of the new growth
quite soft and gelatinous, and a microscopical examination shows
the cell-processes interlacing with each other in a mass of
homogeneous mucoid matter which represents the degenerate
matrix.,

Colloid Degeneration

Colloid degeneration is closely allied to mucoid, the colloid
substance being distinguishable only by the fact that, unlike
muecus, it is not ecoagulated by the addition of acetic acid, and is
not rendered opaque by the addition of alcohol. Colloid degene-
ration finds its physiological type in the formation of colloid
matter by the thyroid gland, where it is produced by the
epithelial cells in the same way as is mucus in the mucous glands.
Colloid material is of rare occurrence as a pathological product,
but in the ecells of carcinomata of the stomach, mesentery, and
intestines, as well as in new growths of the thyroid and ovary,
and more rarely in cancers of the breast (Fig. 8), a peculiar
degenerative change may occur which has given rise to the term
* colloid earcinoma.” The actual material formed seems, how-
ever, to be more closely allied to muein than to true colloid,
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except in the ease of thyroid growths. Entangled in and filling
the alveoli of a carcinoma, it gives the appearance of a honey-
comb filled with semi-translucent gelatinous matter, and is not

Fig. 3.—8ection of a Carcinoma of the Breast, undergoing colloid or
muceoid degeneration. Many of the cells are distended with mucoid material,
and at one spot the cells have burst, leaving an irregular cavity filled with
mucin.

easily mistaken for anything else. The oceurrence of muecoid
or colloid degeneration in new growths in no way affects their
malignancy.

Calcareous Degeneration

Calcareous degeneration is a process by which a tissue be-
comes imprognﬂtml with various salts, the most common of
which are phosphate and carbonate of lime, together with a
small quantity of magnesium compounds. The deposit of such
material in a growing bone is a normal process, but the cause of
caleareous degeneration is not clearly understood. It is, how-
ever, a well-ascertained fact that impaired nutrition, or even
death of a tissue, always precedes caleification, and it is probable
that the process is closely related with preceding fatty changes.
It is commonly held that the lime salts are in the first place
fixed by the fatty acids which are formed when the fat splits up.
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Calcareous degeneration may occur in any part of the body, but
is especially liable to affect the arteries in aged people, as well as
the cartilages of the ribs, larynx, and trachea. It is also of
common oceurrence in the products of previous pathological
processes. Thus, fatty and cartilaginous tumours frequently
caleify in parts, as do also some sarcomata and fibrous tumours.
The products of past inflammations are favourite sites of caleifi-
cation, and a good example is supplied by easeous lymphatiec
glands. The clots in blood-vessels also are liable, after the lapse
of many years, to become calcified, and form in the veins the
so-called vein-stones, or phleboliths.

Microscopic examination of a tissue in an carly stage of cal-
- careous degeneration shows small shining granules, deposited in
the cells and matrix—where such can be distinguished—and
occasionally arranged in concentrie layers forming * chalky
concretions.” The addition of a drop or two of hydrochloric
acid causes a rapid disappearance of the caleareous matter.

Amyloid, Albuminoid, or Lardaceous Degeneration

In this form of degeneration the tissues are impregnated with
an albuminous material which in part takes the place of the
diseased structure, and in part is added to it as an infiltration.
The organs most commonly affected are the liver, spleen, kid-
neys, and intestines. The solid viscera are, in advanced cases,
much increased in size and are unduly firm to the touch. On
section, they are paler than natural, homogencous, and waxy.
When portions only of the organ are implicated, the amyloid
patches appear as rounded semi-translucent spherules, looking
like grains of boiled sago. This appearance is most marked n
the spleen and has given rise to the term of ““ sago spleen.” I
iodine be poured over the surface of a diseased organ, the
amyloid material is stained a dark red-brown or mahogany
colour.

Microscopical examination shows that the amyloid substance
is first deposited in the walls of the small blood-vessels, especially
in their sub-endothelial cellular tissue. This readily accounts for
the patchy distribution of the substance in the affected viscera,
the Malpighian bodies in the kidneys and spleen being the seat of
the earliest deposit, whilst the arteries which run at right angles
to the long axis of the intestine, and the blood-vessels which run
parallel to the renal tubules, appear as dark-brown streaks when
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the part is stained with iodine. The amyloid substance is not
stained by logwood or carmine, and in sections prepared with
these reagents appears as a homogencous mass hiding the normal
structure. In sections stained with methyl-violet, however, the
amyloid matter takes on a bright ruby-red tint, whilst the
healthy tissues are stained a deep blue,

The effects of amyloid disease of the viscera are very serious,
for, on account of the early implication of the blood-vessels, the
nutrition of the part is much interfered with, and, later on, as
the glandular elements become atrophied, the functions of the
organ are further impaired. Advanced amyloid disease is thus
frequently fatal.

By far the commonest cause of amyloid disease is chronie
suppuration; it is, however, also met with in syphilis, both con-
genital and acquired. Cases of tuberculous caries and of
disecased joints may terminate fatally from this cause, but
the affection is not commonly seen until the suppuration has
been in progress for some months, nor unless the discharge of
pus is considerable. If the cause of the suppuration be removed
—e. g. if the affected limb be amputated—before the disease has
progressed too far, it is quite possible for recovery to result, and
for the diseased viscera gradually to resume their natural size
and functions. Thus albumen may disappear from the urine,
and an enlarged liver may gradually recede under the cover of
the ribs after an amputation performed for long-continued
disease of a joint.

The exact manner in which suppuration causes the deposit
of amyloid material is not known, but various theories have been
propounded. Within the last few years artificial amyloid
disease has been produced in certain animals by inducing sup-
puration by means of repeated injections of pyogenic bacteria
(Krawkow), or of turpentine or other irritants (Lubarsch).
Krawkow gives reason for believing that amyloid material is a
combination of a protein with chondroitin-sulphuric acid (a
constituent of nucleo-protein).



" CHAPTER III

MICRO-ORGANISMS IN THEIR RELATION TO
SURGICAL PATHOLOGY

It is not possible to deal adequately, in such a work as this, with
the subject of bacteriology, but it is equally impossible to pass
over a subject of vast surgical importance without any reference
at all. In this chapter therefore a brief account will be given of
the essential nature of bacteria and of those properties which
render them of importance in surgery. For the more detailed
knowledge of bacteriology which is now required of every student
reference must be made to some special text-book on the subject.
Those infections which are of chief importance in surgical
pathology will be considered in their due place.

The baeteria are a group of fungi multiplying only by simple
fission and hence known as ““ Schizomyeetes.” They constitute
the lowermost division of the fungi, and are indeed the simplest
of all vegetable organisms. They are of excessively minute size,
averaging not more than one-thousandth of a millimetre in
diameter. They present themselves in the form of spheres,
straight rods, or spirals, and are henece divided into three primary
groups : (1) eocei, (2) baeilli, and (3) spirilla.

The spherical bacteria are subdivided according to the mode
of grouping of the individual cocei. When they oceur only in
pairs they are called ** diplococei @ when arranged in chain
form, like beads on a string, they are known as ** streptococei ™ :
such chains may be long or short. Sometimes they are grouped
in fours, as *‘ tetrads,” sometimes in cubical packets, as in the
genus °° Sarcina.” At other times they appear clustered in
irregular groups, like bunches of grapes, and are then spoken of
as ‘‘ staphylocoeci.”  The term ** micrococeus ™ is loosely used
for such as do not come under one or other of the foregoing
headings. Very few of the cocei possess “ cilia ™ or organs of
locomotion, and none form true spores. Many of the most

important organisms in surgical pathology belong to the cocei,
13



14 CHARACTERS OF MICRO-ORGANISMS

notably Staphylocoecus pyogenes aureus and albus, Strepto-
coccus pyogenes, the Pneumococeus and the Gonococeus.

The rod-shaped bacteria vary in length from forms almost as
short as cocei to long threads. They fall into many natural
groups. Some are motionless and devoid of cilia: others are
richly provided with sueh organs of motility. Some form
resistant spores which ean withstand heat and desiceation :
others have no such power. The faculty of forming true spores
is of immense importance in practical disinfection, beeause such
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spores are the most resistant forms of life known : they ecan
withstand drying almost indefinitely, and the temperature of
boiling water in some cases for half an hour. It is fortunate that
but few species of bacteria capable of spore formation are
associated with human disease : the bacilli of anthrax, gas-
gangrene and tetanus are amongst the number. One group of
baeilli is distinguished by inability to grow in the presence of free
oxygen : these are the ** anaérobie ™ bacilli, and amongst them
are included the bacilli of tetanus and gas-gangrene.

The spiral bacteria are not known to be of importance in
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surgical pathology, though the cholera spirillum is important in
medicine. The term ** vibrio  is used for the short segments
into which spirilla divide.

Apart from the bacteria proper, a few forms belonging to the
higher fungi are of surgical interest. The *° mould-fungi ™ or
* hyphomyeetes * present a mycelium of branching threads, on
which aerial hypha develop, bearing clusters of spores. Some
members of this group, notably the genus Aspergillus, can affect
the human body, as in ** otomycosis " of the external auditory
meatus. More important are the members of the genus Strep-
tothrix, intermediate in many respects between the mycelial
fungi and the true bacteria. Here belongs the ray fungus which
causes actinomycosis.

The Modes of Life seen amongst Bacteria

Nearly all vegetables derive their sustenance from simple
mineral food. Some bacteria can live in this fashion. But the
fungi are peculiar amongst vegetables, in that they for the most
part nourish themselves on the more complicated foods presented
by dead or decaying organic matter. This is known as the
* saprophytic * habit of life, and the great majority of bacteria
are saprophytes. Some bacteria, however, have adapted them-
selves to the *° parasitic ” habit, and can flourish in the living
tissues of animals. It is to such parasites that infective diseases
are due. In some cases the parasitic habit is so firmly ingrained
that the bacterium cannot flourish except in living tissues : such
are called *° strict 77 or “ obligate ” parasites. Some habitual
parasites can managée to exist outside the body under specially
favourable conditions : these are called *° facultative sapro-
phytes.” Other bacteria, again, are habitual saprophytes, but
at times eontrive to subsist in living tissues : these are termed
** facultative parasites.” The great majority of known bacteria
cannot exist at all in living tissues and are *° obligate
saprophytes.”

The manner in which different infective diseases spread is
largely dependent upon the mode of life of the microbe concerned
and upon its power of resistance outside the body. The latter
property varies greatly ; some bacteria, such as the gonococeus,
cannot withstand desiecation and perish speedily. Others can
withstand drying for many weeks, or, in the case of spores, for
many years. A disease such as gonorrheea, due to an obligate
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parasite easily destroyed apart from the human body, can spread
only by such direet infeetion as is implied by close personal
contact. The tubercle bacillus is also a fairly strict parasite,
but it can withstand drying for many weeks; tubercle, there-
fore, spreads not only by direct but also by indireet infeetion,
e. 2. by inhaled dust particles or in food. Tubercle also affects
animals other than man, a cireumstance which increases the
chances of human infection. The highly resistant spores of the
anthrax bacillus enable infection to be transmitted from one
end of the world to the other: most of the cases of human
anthrax in this country arise from imported hides, wool, or
horsehair. Finally, if the microbe in question is a facultative
saprophyte, the discase to which it gives rise may spread widely
throughout a distriect by the agency, for example, of polluted
water, as in the case of typhoid fever or cholera.

Temperature exerts an important influence upon the life and
growth of bacteria. Most of the non-pathogenie sorts grow best
at about the summer temperature of the air, say 20° C., and a
large number of them cannot grow at all at the temperature of
the human body. Nevertheless many non-pathogenic forms
" which have adapted themselves to a saprophytic existence in the
animal body, e.g., in the intestine, grow best at 87° C. All
truly parasitic bacteria grow best at this temperature, and many
cannot grow at all at the ordinary temperature of the air.
Bacteria are killed by heat; non-sporing forms are mostly
destroyed in ten minutes by a temperature of about 60° C., while
spores may withstand 100° C, for ten minutes, or in some cases
half an hour. In the dried condition even higher temperatures
are requisite,

Light is inimical to bacteria; they grow best in the dark, and
direct sunlight kills them in a short time.

Various ehemical poisons are employed to destroy bacteria.
The problem of chemical disinfeetion is outside the scope of this
work, for it involves considerations of the most complex
character. It must suffice here to say that, in the absence of
any chemical conditions to hinder their action, such solutions
as 1 part in 20 of carbolic acid and 1 part in 1000 of perchloride
of mercury destroy non-sporing bacteria in less than a minute.
Spores, on the contrary, are most difficult to destroy; 1 part
in 20 of carbolie acid may fail to kill them even after weeks,
but 1 part in 1000 of perchloride of mercury kills them in a few
hours to a few days.
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The Production of Disease by Bacteria

Oeceasionally illness is produeed by poisons which have been
formed by bacteria outside the body, as in ptomaine-poisoning.
Poisons may also be formed by bacteria growing saprophytically
in wound seeretions, or in portions of dead tissue ; the absorption
of such poisons leads to the condition of ** sapremia,” presently
to be mentioned. But the commonest and most serious way in
which bacteria produce disease is by the invasion of the living
tissues or blood. Here, too, it is a question of the formation of
poisons, the more serious because they are formed within the
living body itself.

The nature of the poisons formed by bacteria is still obscure.
In most cases they elude ehemical analysis and are recognisable
only by their physiological effect. They are spoken of some-
what vaguely as toxins. Nevertheless experiment allows some-
thing to be inferred about them: they clearly fall into two
groups. A few bacteria form soluble poisons which pass out
freely into the medium’® in which the organisms are growing,
and can be separated by filtration through poreelain; this is
the case with the bacilli of tetanus and of diphtheria. But in
most cases the poison seems inseparable from the protoplasm
of the bacillus itself : the filtered culture is practically non-toxie.
Hence arises the distinetion between *° extracellular” and
“intracellular ” toxins. The effects of the latter may be
produced even by the dead bodies of bacteria. :

The term infeetion implies the access of some miero-organism
to the body and its multiplication therein. In order that a
bacterium should be able to infect the human body it must be
able to grow at the body temperature and to derive its sustenance
from living tissues : it is also of great assistance to it to be able
to form poisons inimical to its host. The power of spreading
widely throughout the body when once ingress has been effected
varies considerably in different bacteria. In some cases the
microbe remains localised near the seat of primary infection :
it shows no disposition to spread, but produces its harmful effects
by the local production of poisons, which are absorbed. This
is the case in tetanus. Other bacteria evinee a notable tendency
to spread by the lvmphaties : thus from a wound of the hand
to which streptococei have gained access a general lymphangitis
of the arm may ensue, with suppuration in the cubital or axillary
lymphatic glands. Still more serious are the cases in which the

2
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invading bacteria reach the blood-stream and set up a general
septiceemia. This matter will be more fully diseussed in an
ensuing chapter. Infection may thus be local or general, but
it may be noted that an infection often remains loealised on
account of the efficieney of the defensive mechanisms brought
into play by the body—e. g. in inflammation. Should these fail
in their aim the infection may become a general one: thus
eutaneous anthrax is primarily a local infection and may remain
so. The anthrax pustule is the expression of the loeal resistance
against infection; but this local resistance may break down and
the patient die of a general anthrax septicemia,

The defensive mechanisms of the body against infecting
microbes form a subject of great importance, but one of such
extreme difficulty and complexity that allusion can here be
made to some of its leading features only. The known defensive
mechanisms of the body fall under two distinet headings.
Bacteria may be mechanically ingested and destroved by the
activity of leucoevtes and, to a lesser extent, of other tissue eells,
such as endothelium. In addition to this intracellular destrue-
tion, bacteria may be broken up and exterminated by purely
chemieal means, without the direct intervention of ecells. The
body possesses, or may aequire, the power of breaking up any
foreign protoplasm introduced into it, including bacteria.
Further it may acquire the power of producing chemical sub-
stances which antagonise the poisons produced by bacteria
without affecting the baecteria themselves.

The intracellular destruction of micro-organisms is known
as phagoeytosis. The main phagoeytes are the polynuclear
leucoeytes : these are of chief importance because from their
mobility they can be marshalled in requisite numbers at any
point threatened by bacterial invasion. Such a massing of
leucocytes at threatened points is an important feature of acute
inflammation. Other phagoeytic cells exist amongst the fixed
tissue elements and are available for local defence. There is
evidenee, however, that even the intracellular destruetion of
bacteria is conditioned by chemieal substances in the surround-
ing body fluids—the opsonins of Wright—and cannot take place
in the absence of these.

The extracellular destruction of bacteria is due to what is
known as ** eytolytie  action. The body can produce complex
ferment-like substances capable of destroying almost any foreign
cell.  Such substances may be naturally present or may only be
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formed under the stimulus of necessity. Different namies are
applied to them, acecording to the foreign cells upon which they
act : those which disintegrate red blood-corpuscles are called
heamolysins, those which destroy bacteria, baeteriolysins. There
is evidence that these substances consist of two elements—
a ferment-like substance known as *° complement,” easily
destroyed by heat and naturally present in the blood, and an
intermediating body, which permits of chemieal attack by the
ferment on the foreign protoplasm. The latter is less easily
destroyed by heat, and may not be naturally present in the
blood, though readily evoked on suitable stimulation : it is the
“ immune-body ** or * amboceptor * of Ehrlich.

The chemical substances which neutralise bacterial toxins are
of simpler nature and are known as antitoxins. They seem to
combine with and neutralise the toxins : in some cases they may
be naturally present, but are for the most part evoked only 1n
presence of the corresponding toxin.

Susceptibility and immunity, in the case of any given infec-
tion, depend upon the absence or presence of these varied factors
in defence, and may be natural or aequired. Further, the
chemieal properties upon which immunity depends may be
conveyed to a susceptible animal or man by the injection of
serum from an immune animal, the process conferring what is
known as passive immunity, The serum treatment of disease
depends upon this fact. The passive immunity conferred by
serum treatment must be sharply contrasted with the active
immunity which it is the aim of vaccine treatment to produce.
The essence of this is that the body is stimulated by the vaccine,
or *“ antigen,” to produce its own antibodies. In no case is
anything definite known of the chemical nature of these defensive
substances, though various important facts have been inferred
as to their constitution. We know them only from their
observed effects. It is clear that they are to a marked degree
** specific ”—i. e., a separate defensive body is required for each
baeterial species or toxin.

The Distribution of Bacteria in Nature

Bacteria of one sort or another are almost universally distri-
buted in nature, growing wherever moisture and suitable
nourishment are found. But the sorts which are harmful to
man are chiefly associated with the animal body. Even those
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met with in the air, and in dust, soil, or water, have to a large
extent an animal origin.

In the air bacteria cannot grow : they are only mechanically
carried along with dust particles. Few pathogenie species have
been demonstrated in air, and these are almost certainly of
animal origin. Air is contaminated by harmful bacteria in two
chief ways. Dried fmeal material, chiefly horse-dung, forms ‘a
considerable element in the dust of roads and streets. Intestinal
bacteria may thus be conveyed by air, but the great majority of
them are harmless. The second way is by what is ealled
* droplet contamination ’ from the mouth, chiefly operative in
more restricted areas, such as rooms. Whenever a person coughs,
sneezes, or talks loudly, minute particles of saliva are projected
into the air, either visibly or invisibly. It has been proved by
direct experiment that such particles may be conveyed for
20 feet or more in loud speaking, and that air currents may
transmit the mouth bacteria over the whole of a very large room.
The mouth bacteria in health are relatively harmless, but in
many diseases the buceal seeretions contain the infecting germ—
¢. g. in tubercle, influenza, and diphtheria. There is no doubt
that discase may be thus transmitted, at least within the confined
space of a room.

Most of the bacteria of soil have no connection with disease.
But there are some which are pathogenie for man, notably
certain anaérobie bacilli—viz., those of tetanus and gas-gangrene,
which cause diseases of surgical importance. KEven here the
bacteria are of animal origin, for the spores of these anaérobes
are chiefly present in eultivated and manured soil.

The bacteria of water are for the most part harmless species,
incapable of growing at the temperature of the human body.
Where water has served as the channel by which disease has been
communicated, it seems always due to its contamination with
material from human sources. Cholera and typhoid fever may
thus be conveyed.

But it is to the bacteria of the animal body itself that chief
surgical interest attaches., These are naturally species capable-
of growing at the body temperature, and even the healthy body
harbours them in ineredible numbers on the eutaneous and
muecous surfaces. They exist as saprophytes, subsisting on the
dead organic matter which coats these surfaces, or fills the intes-
tine. It has been shown by Gordon that bacteria are normally
present in the mouth seeretions to the number of from 10 to 100
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million per c.c., and Houston has found them in normal feces
to the number of over 100 million per gramme. The surgical
importance of this lies in the fact that many of these bacteria are
potential parasites, capable of causing serious infections should
they gain access to the deeper tissues or should the natural resist-
ance of the body from any cause be lowered. The commonest
of all skin-bacteria are staphylococei—most of them, indeed,
but not all, of feeble virulence. The pneumococcus is not
uncommon in the secretions of the respiratory tract, and strep-
tococei, generally, but not always, of harmless type, are actually
by far the most abundant organisms in the saliva and often in
the faeces. Equally abundant in the intestine is Bacillus coli
communis, which has important relations with certain patho-
logical processes. The surgical lesson taught by all these facts
is that the normal human body habitually ecarries, in or upon
it, the agents responsible for its commonest and most important
infections. These are in truth of far greater surgical import-
ance than the rarer infections arising from extrancous sources.
Modern aseptie surgery largely owes its success to the recognition
of this principle.



CHAPTER IV
INFLAMMATION

A coop definition of inflammation is that given by Burdon
Sanderson, who deseribed it briefly as ** the sucecession of changes
which oceurs in a living tissue when it is injured, provided that
the injury is not of such a degree as at once to destroy its
structure and vitality.”

This definition is good because it expresses the idea that
inflammation is a response to injury. It is now well recognised
that the process is in itself a beneficial reaction having as its
aim the arrest of the injurious agency and the repair of the
damage caused. Inflammation is a process to which many
different factors eontribute, but its cardinal features are much
the same in every case.

Changes in the Blood-vessels and the Circulation

It is in the blood-vessels and their contained blood that the
earliest of the changes which occur in inflammation are to be
found. The first effect of any injury is a dilatation of the vessels
—arteries, veins, and capillaries—a condition which is first
noticeable and most marked in the arteries. The immediate
result of this alteration in the calibre of the vessels is an increased
supply of blood to the tissues, and at first an increase in the
rapidity of the blood-stream. To this increased afflux the name
determination of blood has been applied.

After a variable time, the rapidity of the blood-stream dimin-
ishes, the retardation sometimes taking place very suddenly,
and being first seen in the veins. As an immediate result, the
current in the capillaries, and then in the arteries, becomes in
turn slower, and pulsation is plainly visible in the smallest
arterioles.

If attention is paid to the behaviour of the blood-eells them-

selves, it will be seen that, during the stage of ** determination
22
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of blood ™ the red blood-cells in the veins are swept along in the
middle of the stream, in what is named the ** axial current.”
The white cells float on the outer side of the mid-stream near the
vessel-wall.  When the blood-current becomes slowed, the white
cells exhibit a marked tendeney to adhere to the walls of the
veins, and on account of this stickiness they gradually aceumu-
late immediately inside the vessel. And not only do they tend
to adhere to the vein-wall, but they also adhere to one another,
and thus the vessel becomes lined by layers of leucoeytes, which
constantly gather fresh companions from the passing blood.

In this way the lumen of the vessel is narrowed, but at first
the axial current sweeps by with unabated velocity. Gradually,
however, this veloeity is diminished, for the red blood-cells
cohere and form rouleaux, and thus pass less readily through the
smallest vessels. Finally, in the most severe cases, complete
stoppage, or stasis, may ensue; and the smallest veins and arteri-
oles are seen to be filled with blood in which no movement takes
place. If stasis persists, the nutrition of the vessel-wall is cut
off, and it dies, with the result that its contained blood coagulates.
In this case the surrounding tissues perish likewise.

Exudation

In any inflamed area the contents of the blood-vessels exude
in greater quantities than in the natural state. It must be
remembered that, in the ordinary processes of nutrition of a
healthy tissue, the parts around the vessels receive their supplies
of new material from, and yield up their waste products to, the
fluid which is constantly traversing them after passing out of
the smaller veins and capillaries. But in an inflamed area there
is not only an inecrease in the amount of the exudation; there
is also an alteration in its composition.

In the earlier stages of inflammation, and in all inflamma-
tions of slight intensity, there is merely an increase in the
exudation of serum, a so-called serous exudation, in consequence
of which the tissues become more suceulent and cedematous,
but are otherwise unaltered. The fluid, if drawn off, is found
to be almost pure blood-serum, containing very few leucocytes,
and no coagulable material. The best example of a simple
serous exudation is afforded by a blister. In the early stage of
all inflammations, the greater part of the exuded serum is
removed from the inflamed area by the lymphatics, and
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experiments have shown that the flow in the lymphatie
channels is thus greatly increased.

As the inflammation progresses and becomes more intense,
so the character of the exuded fluid becomes altered. Instead of
being watery or serous, it is coagulable and turbid, and to fluid
such as this the name of plastie exudation is applied. It differs
from the serous exudation in that it contains the fibrin-forming
elements of the blood as well as numerous leucocytes. If drawn
off, it is found to form a firm white clot, and in the tissues also
it coagulates. Fluid such as this is often called ** lymph,” and
may be seen to perfection in cases of plastie iritis, forming
vellowish white beads or drops in the anterior chamber and on
the surface of the iris. On account of its coagulability its flow
through the lymphatics is impeded, and after a time it clots in
and occludes the lymphatic channels. As an immediate result
the tissues which these channels should drain become swollen
with retained fluid, and, in consequence of the coagulation of
the exudation, they become ** indurated ” and * brawny * in a
manner which is typical of plastic inflammation, and is the
common accompaniment of many deeply seated suppurations.

Diapedesis.—Even in the earlier stages of an acute inflamma-
tion, and also in inflammations of but slight intensity, the white
blood-corpuscles escape from the smaller veins. The more
advanced the inflammation, and the greater its intensity, within
certain limits, the greater are the numbers in which they escape.

If a small vessel be watched, it will be seen that soon after
the slackening of the blood-current, and the adhesion of the
white blood-cells to the vessel-wall, the contour of the vein is
bulged at one or more spots. These localised projections
gradually inerease, and form rounded or button-like promi-
nences on the outside of the vein. Soon they become further
separated from the vessel, and appear to be attached to it by a
stalk. Finally, this stalk gives way, and it is now seen that a
leucoeyte has slowly worked its way through the vein and is
free in the surrounding tissue. In this manner varying numbers
of white blood-cells eseape from the vessel, together with the
fluid constituents of the blood.

The diapedesis of leucocytes is always first noticed in the
veins, and then in the capillaries and the smallest arterioles,
In very acute inflammations the red blood-cells as well as the
white escape from the vessels, and sometimes in such numbers
that the tissue may appear to be infiltrated with blood.
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It will thus be seen that in inflammation any or all of the
various constituents of the blood may escape. In slight inflam-
mations, and in the earliest stages of the acute forms, only the
serum exudes, but as the inflammatory process progresses the
fibrin-forming elements, the white blood-cells, and finally the red
blood-eells, pass into the surrounding tissues.

Changes in the Inflamed Tissues

There is one change which is ecommon to all inflamed tissues,
and that is softening. If a piece of connective tissue in a state
of inflammation be examined under the microscope, it will be
seen that the fibres are swollen, and their outlines blurred and
indistinet. Separating the bundles of fibrous tissue and the
individual fibres are numerous leucocytes, which are here and
there collected into masses and render all other objects indistinet.
It is probable that the softening of the tissues is due in part to
absorption by them of the increased fluid exudation in which
they are soaked, and also to the destructive or digestive action
of the leucoeytes, for in many acute inflammations the tissues
undergo molecular death. Amidst the swollen and blurred
structures, numerous capillaries are scen. In a recent acute
inflammation these are simply old echannels which have become
dilated and more distinet than natural ; in the later stages and
in chronie inflammation they may be in part of new formation.
All such newly formed channels originate from the pre-existing
capillaries of the part. Their formation is described as follows :—
One of the cells forming the boundary wall of a capillary throws
out a protoplasmie process. This joins a similar process from
another capillary, and the two vessels are thus united by a band
of protoplasm, which, although at first solid, is subsequently
hollowed out and permits the transit of blood.

The origin of the cells which are found in the inflamed tissues
is a matter about which there has been much dispute, but may
now be considered settled. They originate from two sources :
(1) The leucoeytes, whose diapedesis has already been deseribed.
These increase in number by the eseape of fresh corpuseles from
the vessels of the inflamed area, and also by karyokinesis and
fission; (2) The connective-tissue cells, which soon begin to
appear at the seat of lesion. The fixed connective-tissue cells
increase in size and multiply in number both by direct and
indirect cell division. The wandering cells migrate to the area of
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inflammation and also multiply in situ. The leucocytes are
present in such numbers as to obscure the other cells, and they
constitute the so-called °° round-cell infiltration ’; but at the
periphery of an inflamed area, and as the leucoeytes disappear,
the presence of the connective-tissue cells becomes evident, so
that Cohmheim’s view, that all the eells found in inflamed tissues
are derived from the blood, must be given up. In recent acute
inflammations the cells which erowd the tissues are clearly for
the most part polynueclear leucoeytes. In ehronie inflammation
it is equally evident that this is not the case : here the cells are
mononuclear and closely resemble the lymphoeytes of the blood.
It is not yet clear w hether they are tmh derived by emigration
from the blood-vessels, or from the local proliferation of tiny
islets of lymphoid tissue, as Ribbert maintains. The larger
* plasma-cells 7 of Unna, also found in chronie inflammation,
are of equally uncertain origin.

In non-vascular tissue, such as the cornea, it has been shown
that the cells found in its substance when it is inflamed are
mostly due to an infiltration of leucoeytes from the surrounding
parts, and to a very slight extent only to the multiplication of
the corneal corpuscles. Ewverywhere the round-cell infiltration
is chiefly made up of white corpuscles, and the connective-tissue
cells undergo proliferative changes, and keep themselves in
readiness for the later stages of inflammation and the regenera-
tion of injured structures.

Explanation of the Changes which occur in Inflammation

The dilatation of the vessels and the increased afflux of blood
which mark the earliest stage of the inflammatory process are
due to the direct effect of the injury upon the vessels themselves.
This dilatation is not a reflex change due to irritation of afferent
nerve-fibres, for it can be caused by injury after the section of
all nerves eonnected with the damaged part. It is due to an
alteration in the tone of the muscular walls, and the injury acts
either directly upon the muscle itself, or else upon the nerve
filaments which it contains.

The retardation and ultimate stasis of the blood-stream are
the consequences of changes in the eapillary blood-pressure and
in the vessel-wall whereby the relations between the blood and
the vessel become altered. As a result, there is an increased
resistance to the passage of blood through the vessel, a tendency
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to adhesion of the white blood-cells to the vessel-walls, and
transit of greater numbers of them into the surrounding parts.

That these phenomena are due to ehanges in the vessel, and
not to an alteration of the blood in the inflamed area is thus
proved :—If the ear of a rabbit be deprived of blood for twenty-
four hours, and the circulation then restored, it is found that,
in consequence of the eutting-off of the blood-supply, the walls
of the smaller vessels have become so much altered that all the
phenomena of inflammation ensue, including dilatation of the
arterioles and ecapillaries, followed by stasis and exudation. On
the other hand, if, when stasis has commenced in an inflamed
tissue, the engorged wvessels are mechanically emptied of their
contents, the white blood-cells which adhered to their walls
traverse the rest of the circulation in a natural manner, and the
rouleaux of red blood-cells break up, whilst, at the same time, if
fresh blood be allowed to enter the inflamed area, stasis again
OCCUrs.

The exudation of fluid which accompanies inflammation is
due to several factors. The endothelial lining of the vessels
becomes affected by the injury, and allows the exudation to
filter through, but at the same time there must be some change
in the capillary pressure, and also chemical changes in the
tissues, to favour the osmotie current from the capillaries. It
is assumed by some that the endothelium of the vessels is an
actively "secreting membrane, and that certain chemical or
irritating substances act as local or general lymphagogues, so
that an increased exudation would appear quite apart from
~ other physical causes.

It is thus evident that the chief phenomena of inflammation
are due to the effeet of the original injury upon the vessel-wall,
and upon the endothelium of the eapillaries.

In all acute inflammations, however, there is another, and
from a surgical point of view a most important, factor in the
retardation of the circulation in an inflamed part. This is the
tension caused by the exudation. The more fluid that escapes
from the wvessels, and the greater the rapidity with which 1t
exudes, the greater will be the pressure on all the more vielding
structures around. IFurther, the more resisting the tissues,
and the less capable they are of swelling so as to make room for
the exuded material, the greater will be the tension. As a
consequence, the flow of blood in the vessels may be seriously
retarded, and in some cases the retardation may be sufficiently
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extensive to cause the death of the surrounding parts. This is
known as ** sloughing * or ** necrosis.”

The Clinical Signs of Inflammation

are swelling, heat, redness, and pain. Their oceurrence may be
briefly explained by reference to the pathological changes already
deseribed.

The swelling is the direct result of the inerease of fluid in the
part. The fullness of the vessels alone would account for part
of the swelling, but most of the latter is due to the exudation
of fluid from the vessels.

The heat and redness are alike due to the inereased vascularity
of the inflamed area, and to the consequent transit of a larger
quantity of blood than is natural. The increase of heat is always
relative, The inflamed part is hotter than the corresponding
portion of the body on the opposite side, but is never hotter than
the blood itself, or than the mouth or the rectum. It is true
that the local temperature may be raised to 100° or 101°, or
higher, but when such is found to be the case, it will be found
also that the general body-temperature is raised to a point at
least as high.

Pain is due to pressure on, and stretching of, the peripheral
nerves. It is always in direct proportion to the fension in the
inflamed structures. Thus, in a part which ean easily swell—
e. g. in the loose cellular tissue of the serotum or of the eyelids
—there is but little pain; but when inflammatory exudation
oceurs beneath tense structures, such as tendon-sheaths, tight
fascize, periosteum, ete., pain is always very intense,

Terminations of Inflammation

The inflammatory process may at any stage undergo resolu-
tion. The extent to which it will progress depends, as will
presently be shown, upon the nature of the injury, and the
presence of decomposing material or of persistent irritation.

If resolution oceur early, the hypersemia may pass away even
before stasis is reached; if later, the stasis may be broken up,
the vessel may return to its natural condition, and the blood-
stream may again resume its natural flow. TIf serum has been
exuded into the tissue, it may again be absorbed by the lym-
phatics. If fibrin has been formed, it may be disintegrated and
removed by leucocytes.
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The leucoceytes themselves frequently disappear, but in
other cases they remain in the tissue, and in vet others, to be
alluded to immediately, they may colleet in suflicient quantities
to form pus.

If the living leucoeytes remain in the tissue, they do not
remain inactive. They assist in the proeess of resolution,
clearing away noxious and necrosed substances, or they degene-
rate. The majority of leucoeytes possess the power of ingesting
and digesting or destroying matter with which they ¢ome in
conflicting eontact, and, since in most forms of inflammation, as
met with in surgical practice, pathogenic micro-organisms are
found, white blood-corpuseles containing bacteria will be seen
almost invariably. The organisms are absorbed by them, and
thus the cause of inflammation is removed. Thé process has
been already alluded to as phagoeytosis. The leucocytes are
assisted in their work as seavengers by other wandering cells,
which are always found in the connective tissue, and also by
the fixed connective-tissue cells themselves. It seems, however,
that the leucoeytes act also chemically, destroying or neutralis-
ing the irritant without being able to ingest it; as, for example,
when the irritant is a chemieal substanee in solution (see Sup-
puration, Chap. V). Many or most of the leucoeytes ultimately
degenerate with resolution. It was onece thought that the white
corpuscles themselves built up the scar-tissue; i.e. that they
became elongated or spindle-shaped, after a time fibrillated,
and eventually formed fibrous or connective tissue. Most
authorities agree now, however, that in warm-blooded animals
the scar-tissue is formed by the conneetive-tissue cells alone.
Repair and searring only oceur where the cells receive a suflicient
blood-supply for their nutrition.

Catarrh—Catarrhal Inflammation

Catarrh is a form of inflammation affecting epithelial sur-
faces, and, although more common in mucous membranes, occurs
in the skin as “‘ eczema.” All catarrhal inflammations are
characterised by the comparatively slight changes which take
place in the epithelial eells, whilst the deeper tissues are involved
in the alterations seen in all inflammatory processes. Catarrh
may be excited by certain bacteria, by mechanical injuries, by
exposure to cold or wet, or to irritating matters.

In the early stage of catarrhal inflammation there is redness
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and hyperamia, and then a serous exudation into the sub-
epithelial cellular tissue, quickly followed by oozing of the
fluid amongst the epithelial cells, and its escape on to the
surface.

In many ecases no further change ensues in the connective
tissue, but in some a plastie exudation, with formation of fibrin,
results, and the affected part becomes more swollen and indu-
rated, whilst in others the inflammation proceeds to suppuration,
and pus-cells foree their way between the epithelial elements,
and are discharged from the skin or mucous membrane affected.

In the meantime the epithelial eells themselves, being more
tough and resistant than the softer sub-¢pithelial tissues, appear
to derive actual benefit from the unusual vascularity of the
deeper structures and the consequent increased supply of
nourishment. They multiply with unusual rapidity, and, in the
case of mueous membranes, seerete much more mucus than in
their natural state; their seeretion is neecessarily mingled with
the serum which exudes from the vessels below, and thus forms
the copious watery and sticky discharge characteristic of mueous
catarrh. In this discharge are found a certain number of
leueoeytes and epithelial eells in varying numbers and of different
shapes and sizes.  When suppuration occurs, and the discharge
beeomes muco-purulent or purulent, many of the pus-cells may
be seen to have made their way into the substance of the
epithelial eells, and appear to have been formed by multipliea-
tion of the cell-nuglei, an appearance which is a deceptive one.
If the inflammatory process continues, the epithelial cells are
in time destroyed and an uleerated surface is exposed. In such
a case the inflammation ceases to be catarrhal.

Post-mortem examination shows but little alteration in
cases of acute catarrh, for the hyperemia and swelling quickly
subside after death. In cases of chronic eatarrh, however, there
1s much pigmentation, which results from the exudation of red
blood-cells and disintegration of their colouring-matter. This
1s well shown in cases of chronie eystitis, or during life in the
legs of those who suffer from chronie eczema.

Theory of Inflammation

Only a historical interest attaches to those theories of inflam-
mation which were based on its more evident clinical manifes-
tations. It is now regarded not as a ** state ” of hyperemia,
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stasis, or exudation, but as a purposeful ** proeess ™ in which
vascular changes play the most striking part.

It is a response to injury of any kind-—mechanical, thermal,
chemical, or bacterial, and its aim is threefold. The aim may be
(1) the arrest of the injurious ageney,—e. g., the destruction of
mvading bacteria; (2) the removal of dead or damaged tissue;
and (3) the restitution of the injured area, so far as may be, toa
normal condition. Various factors eontribute to these ends, and
we see in inflammation an outpouring of the fluids of the blood,
an active emigration of leucoeytes, and changes in the fixed
tissue elements. The vascular changes dominate the situation,
because, in the higher animals, the blood-vessels offer the most
ready means of bringing these various factors to bear on the
injured area. It is the wvessels alone which ean pour out fluid
and marshal the leucocytes in requisite number in the affected
distriet; they alone ean bring the nutriment needed for tissue
proliferation. The exuded fluids afford the necessary food for
the tissue-cells, help to dilute or wash away chemical irritants,
and convey ferments which may either serve to disintegrate and
digest dead tissues or act as bactericidal agents. The leucoeytes,
and in particular the polynuclear eells, possess active powers of
phagoeytosis which are of service not only in the destruction of
bacteria, but in the mechanical removal of dead tissue, and it
is probable that they also contribute ferments which may act
in the same direction. The process is thus one of high com-
plexity, in which, according to circumstances, now one, now
another factor is especially prominent, but underlying all its
various manifestations is the unity implied in the conception
of * response to injury.”

The changes seen in the body in inflammatory processes
are not confined to the inflamed area. The response, in a
well-marked case, 1s of a more general nature. The blood,
particular, shows alterations in the number and relative pro-
portions of the leucoeytes, as will presently be mentioned under
the head of * inflammatory leucoeytosis.”

The polynuelear leucocytes are inereased in the blood n
order that they may be conveyed in larger numbers to the seat of
injury. They are derived from the bone marrow, and in severe
cases of inflammation changes are demonstrable here too, the
red marrow encroaching upon and replacing the fatty yellow
marrow in order that more tissue may be available for the supply
of the needful leucoeytes.
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The response to injury may thus, in the ease of one factor in
the inflammatory process, be traced back from the local aggrega-
tion of leucocytes, through the blood-stream to the red marrow
throughout the body. Doubtless, did our knowledge permit,
other factors in the process might similarly be traced back far
beyond the limits of the injured region.

The nervous system plays in inflammation a less striking
share than might have been anticipated. The influences which
govern the behaviour of the leucoeytes seem purely of a chemical
nature. All the phenomena of acute inflammation can go on
quite well in regions bereft of their nerve-supply—for instance,
in a rabbit’s ear, all the nerves to which have been divided. The
only important part which the nervous system seems to play in
inflammation is to be found in vasomotor mechanisms. Any-
thing which impairs vaso-dilatation hinders the promptness and
efficacy of the inflammatory reaction.



CHAPTER V
SUPPURATION

SUPPURATION, or the formation of pus, is the final result of all
acute inflammations in which neither resolution nor repair
occurs. The pus may be contained in a cavity forming an
abscess, 1t may be diffused, or may be discharged from a free
surface, part of which has already been destroyed, and which
1s said to be in a state of uleeration.

Z/Etiology of Suppuration

It has already been said that any injury may cause inflam-
mation, but the essential characteristic of a simple traumatic
inflammation is that it is strictly localised to the seat of injury,
and does not progress after the cause is removed. A transient
injury, therefore, however severe, will not cause an inflammation
which will progress to the formation of pus, for, before that
stage has been reached, resolution will have taken place.

There are two chief causes for the progression of inflammation
to suppuration. They are—first, the presence of bacteria or
allied organisms ; second, persistent irritation of the inflamed
part. These conclusions are based chiefly upon experiments, to
some of which brief reference may be made.

In order to show that, even after the most severe injuries,
suppuration does not necessarily ensue, Professors Hueter and
Hallbauer destroyed portions of the muscle of a rabbit’s thigh
by either the actual cautery or by chloride of zine. They found
that, when antiseptic precautions were employed, scarcely any
vascular disturbance took place, and the dead tissue did not
act as an irritant.

Other experiments by Professor Chauveau took matters a
good deal further. This experimenter showed that the sub-
cutancous twisting of the spermatic cord in animals, which is
practised in France instead of castration, always results in the

b 33
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complete death of the testis, and that under ordinary eircum-
stances the dead organ does not act as an irritant towards the
tissues in which it lies. The operation, which is known by the
name of bistournage, is performed by merely seizing and twisting
the testis four or five times, the result being ocelusion of the
spermatic artery. :

But although, under ordinary circumstances, no suppuration
ensued, Chauveau showed that, if any septic matter were in
the testis at the time of operation, pus was formed, and the
dead organ was cast off. This was demonstrated as follows :—
Some of the fluid from a septic abscess containing organisms
was injected into a vein before the operation was performed.
The organisms were thus eireulating through the testis at the
time that the cord was twisted, and some of them necessarily
remained in the organ after the operation; in all cases where
this injection was practised it was found that the tissues became
filled with pus which contained numerous organisms. It then
remained to prove that the suppuration was due to the presence
of the micro-organisms in the testis, and not to the general
contamination of the blood—a problem which was solved by
performing the operation of bistournage before injecting the
septic material, by which means, the spermatie artery having
been occluded before the organisms were introduced, none of
them could subsequently enter it. In such experiments no
suppuration occurred, and it was therefore concluded that the
presence of miero-organisms at the seat of injury alone was
sufficient cause of suppuration.

But not only does suppuration result from an injury when
the septic material is directly injected into the blood, or enters
at a wounded surface, it may also result from the ingestion of
putrid liquid by the stomach and intestinal tract. Professor
Kocher has shown that, in dogs, wounds of bone which are in
a perfectly healthy condition may be made to suppurate, and
diffuse osteitis may be caused, by feeding the animal on putrid
material, and there can be no reasonable doubt that such a
result implies that micro-organisms introduced through the
intestinal tract may contaminate a wound, and that thus the
general condition of a patient may exercise muech influence on
the healing process.

This is abundantly illustrated by elinical observations; for
not only do wounds seldom heal well when the patient is suffer-
ing from such diseases as pymmia, erysipelas, ete., but in many
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patients in bad health, injuries such as slight contusions are
followed by suppuration even in cases where no skin wound
exists.

Although, however, as is shown above, it is proved that
organisms have much to do with the causation of suppuration,
it must be clearly understood that most of the organisms which
are concerned with the formation of pus are powerless in the
presence of healthy tissues, and it has been shown that if injected
into the blood they are quickly destroyed. Rest is essential for
the growth and activity of most of the bacteria, and the blood
is therefore no favourable soil for these parasites. But it is
evident that in the case of an injury these conditions are materi-
ally altered, for as the direct result of injury there is escape of
blood from the damaged vessels, and thus a stagnant fluid
provided; and as a consequence of the succeeding inflamma-
tion, there is an exudation of more fluid, and an impairment of
the vitality of the structures involved. Should bacteria there-
fore gain access to injured parts, they are placed under much
more favourable conditions for growth than obtain in the
healthy body.

It is to the same tendenecy of organisms to live in injured,
unhealthy, or dead tissues that the suppuration of lacerated
wounds is to be attributed, for in all of these there are to be
found certain minute portions of tissue whose vitality has been
lowered or destroyed, and it is in these that putrefactive pro-
CESSES commence.

Thus, it must be added that the nature of the injury is of
eonsiderable importance in deeciding the question as to whether
suppuration will or will not ensue upon its infliction.

The advent of organisms to a previously healthy wound is
indeed always the sign for an immediate inerease of the inflam-
matory process, an inerease which is almost certainly the result
of the action of the bacteria and their ehemical produets on the
damaged and dead tissues and fluid in which they grow, and
the consequent formation of irritating chemical products. The
inerease of the inflammation is, in faet, designed to rid the
wound of the parasitic growth, and as the leucoeytes are to a
great extent the agents by which the bacteria are destroyved
when under natural eonditions they obtain access to the body,
it is elear that the increased flow of blood, the exudation of cells,
and the formation of interstitial granulation tissue are really
reparative and not destruetive. But in this struggle with the
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invaders many leucoevtes die, and it is the living leucoecytes
which appear in inereased numbers at the seat of lesion, together
with the dead leucoeytes and the fluid in which they lie, which
constitute pus.

There is, however, another cause for the progression of any
inflammation to suppuration—namely, irritation,

The inflammation set up by any transient injury will subside
in the absence of septic infection, but if the cause of the inflam-
mation be allowed to remain, if the injury be, so to say, long-
lasting, if, in fact, persistent irritation be present, then the
inflammation will not be allowed to subside; it will progress,
more and more exudation will take place, and pus will finally be
formed. This has been well demonstrated by Chauveau, who
found that if, after practising bistournage, the testis and sur-
rounding parts were repeatedly manipulated, inflammatory
changes resulted, and suppuration ensued, though the pus in
such cases did not contain any micro-organisms. Similarly, in
man, even in aseptic wounds, or in the case of damaged tissues
which have never been exposed by any skin lesion, suppuration
may ensue upon want of rest or irritation by some foreign body,
the pus in such cases not containing organisms and possessing
hardly any irritating qualities. Thus, suppuration may oecur
in cases of simple fractures not kept at rest, or after the injection
of irritating liquids, such as iodine or strong carbolic acid,
notwithstanding the aseptie nature of such fluids.

It has already been mentioned that under natural econditions
suppuration is a beneficial proeess, the living cellular constituents
of pus appearing to be actively engaged in destroying the organ-
isms which either caused or keep up the suppuration. But
besides these phagoeytic elements in pus, there are found also
chemical substances of great power well suited to assist the
tissues in their struggle for repair, for from pus a digestive
proteolytic ferment can be separated, and Leber has also shown
that whilst metal wires inserted into the anterior chamber of a
rabbit’s eye will readily cause suppuration, the pus thus formed
will gradually dissolve the metal. We have then in pus: (a)
phagoeytie cells, (b) digestive ferments, and (¢) a strong ehemieal
agent of great destructive power; and this will readily explain
the rapid dissolution of tissues caused by acute suppuration as
well as the destruction of the bacteria.

From the foregoing experiments, therefore, it may be con-
sidered proved :
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First, that the most severe injuries do not of themselves
cause suppuration in healthy tissues.

Secondly, that if the part injured be exposed in any way to
““ septic " influences, suppuration will ensue.

Thirdly, that if the part be exposed to irritation, suppuration
will ensue.

Pyogenic Organisms and their Mode of Action

The eommonest causes of suppuration are undoubtedly
micro-organisms. Of these, a few are so commonly found in
pus that they have been singled out as pyogenie bacteria. It
must be remembered, however, that many other coceci and
bacilli, under special conditions or in execeptional cases, may
produce suppuration, and again the so-called pyogenic germs
may occasionally fail to produce suppuration or may lead to
other lesions. The pyogenie organisms therefore cannot be
eonsidered to be specifie. Most of the bacteria found in pus
belong to the group of miecro-cocei. The commonest pyogenie
cocei are : (1) Staphylococcus pyogenes aurcus; (2) Staphylo-
coccus pyogenes albus; (3) Streptococcus pyogenes: (4) The
pneumococcus is found in many cases of purulent otitis media
and meningitis; indeed, this organism is now known to be a
common cause of suppuration in certain regions, e. g. in the
pleural cavity. Empyema is perhaps more commonly due to
the pneumococcus than to any one other organism. The
Bacillus coli communis, a normal inhabitant of the intestines,
has been obtained in various forms of abscess, those especially
which arise in connection with the alimentary canal. Even the
typhoid bacillus has been found in the pus from abscesses occur-
ring in the course of that disease. In pus also an interesting
bacillus is oceasionally found—viz. the Bacillus pyocyancus.
The latter in artificial nutrient media produces a blue or bluish-
green pigment, which it also develops in pus (blue pus).

It is noteworthy that, of the above-mentioned pyogenic
organisms, the majority are found normally as saprophytes upon
the skin or mucous surfaces of the body. There is no need to
search far for the source of infection in most cases of suppura-
tion. It is important to keep these facts in mind, because they
explain many accidents and calamities in clinical surgery.

If the pyogenic cocci—e. g. the Staphylococcus pyogenes
aureus and albus or the Streptococcus pyogenes—gain access
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to the ecirculating blood, septiceemia or pymmia is the result
(see Chap. VIII). They are commonly found in ulcerative
endocarditis, and the Streptococeus pyogenes is apparently
identical with the streptocoecus of erysipelas.

The most important question to answer is, * How do these
cocei produce or lead to suppuration? ™ It is certainly not
their mere mechanical presence, but the action of their chemical
products, which is responsible for the production of pus. Thus,
it has been shown that sterilised filtered eultures—i. e. cultures
freed from the microbes, but containing their products—will
produce suppuration when the living organisms fail to do so;
and Leber has suceeeded in separating from cultures of staphylo-
cocei crystalline bodies which were highly pyogenie. It is
evident, therefore, that the production of pus is always finally
due to some irritant, and that in this respeet, after all, bacterial
and non-bacterial suppuration follow the same law,

All these pyogenic cocei are often harmless when in contact
with healthy tissues, but when they gain acecess to a portion of
the body whose vitality has been lowered or destroyed by injury,
or when the individual himself is in a weak or debilitated con-
dition, they are able to exercise their undoubted power of exeit-
ing suppuration. Thus, it has been shown that the Staphylo-
coccus pyogenes aureus injected into the cireulation of a rabbit
will in most cases produce no ill effeet upon the healthy heart,
but if the cardiac valves have been previously injured, an infeec-
tive endoecarditis will result ; in other instances the simultaneous
injection of a sugar solution has enabled the Staphylococeus
pyogenes albus to show its pyogenie power, and numerous other
experiments have elearly demonstrated the inability of injured
or unhealthy tissues to protect themselves.

Formation of Pus

Suppuration is distinguished from simple inflammation by
two features: the number of leucocytes collecting at the seat
of injury is greater, and there is a liability to local softening,
death and disintegration of the damaged tissues. Thus, where
the process is of sufficient intensity, the central part of the
affected arca breaks down and there results a cavity containing
serum in which are suspended living and dead leucoeytes, tissue
débris, and the micro-organisms to whose presence the inflam-
mation is due. The cavity is known as an abscess, and the
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fluid which it contains is pus. In many acute suppurations
pus is ereamy and opaque, pale greenish-yellow in eolour and
free from unpleasant smell : in the days when operation wounds
commonly suppurated such pus was often called ** laudable
pus.” In other cases the pus is discoloured by altered blood or
putrefactive changes and has a foul smell.

So long as the suppuration is progressing the abscess cavity
is bounded by the ragged dying tissues, and has around it a
zone of inflammation in which actual tissue death has not yet
taken place. Such spread is the rule so long as the infection is
not overcome, and it tends to take place along the line of least
resistance, which fortunately often leads it to the nearest free
surface. Here the abscess is said to point, and it finally ruptures
and discharges its contents. Further spread now usually
ceases, and may cease even without such rupture. With the
cessation of spread, repair commences in the walls which become
converted into a layer of young vascular connective tissue—
granulation tissue—in the manner presently to be deseribed
under the healing of ulcers or wounds. An abscess which forms
rapidly and which is accompanied by all the signs of inflamma-
tion, is called an acufe abscess: acute suppuration is almost
invariably of bacterial origin and is usually due to one or another
of the pyogenie cocei, which may have reached the arca affected
either through a wound or by way of the blood stream.

Diffuse Suppuration

is the term applied to an inflammatory process going on to the
formation of pus which is not limited by the walls of any definite
cavity. In such a case the diffusion may be the result of a very
widespread injury, e. g. general contusion of a whole limb; but
in many instances it is due to septic organisms of more than
usual virulence, and gradually passes into the specific inflam-
mation known by the names of ** cellulitis ** and ** phlegmonous
erysipelas.”” In cases of diffuse suppuration there appears to be
but little tendency to the coagulation of the fibrin, which is the
chief agent in limiting any collection of pus, and there is an
almost complete absence of the formation of granulation tissue.

Sloughing and Gangrene

In all inflammations the vitality of the tissues is lowered, 2111‘11
as suppuration progresses they die. In most cases the death is
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moleeular, and the portions of dead tissues are so minute that,
even if cast off in the discharges, they are not noticeable. More
generally, however, the small dead particles are removed by
phagocytosis or digested by the tryptic ferment liberated from
the leucoeytes—and it is only in inflammations of great inten-
sity, or where the inflammatory products are under great tension,
that larger portions of the inflamed structures perish. Such
dead portions are called * sloughs,” and when still larger the
EE a7

part is said to be ** gangrenous.” The dead tissues are sub-
sequently separated from the living by a process of uleeration,

Chronic Abscess

A chronie abscess is one which is of slow growth, and in which
the signs of inflammation are but little marked. In the absence
of tubercle such absecesses result either from long-continued
irritation, or from an injury inflicted upon unhealthy structures.
The process by which the pus is formed does not differ from that
which oceurs in acute suppuration, but, on account of the long
continuance of the inflammation, many of the proliferating con-
nective-tissue cells near the boundary of the inflamed area have
time to undergo further development, and thus the abscess-wall
is liable to become greatly thickened by newly formed fibrous .
tissue. In some cases this thickening is so considerable that the
pus becomes enclosed in a definite capsule, to which the name of
** pyogenic membrane ** has been applied. The pus of a chronic
abscess in a healthy person does not differ from that of an acute
abscess, except in that it often contains no micrococei. The latter
is a fact to be remembered, for so long as all septie influences
are kept away from the abscess-wall, so long will the formation
of pus remain slow, and so long will signs of acute inflammation
be absent. If, however, such an abscess be opened without
proper precautions, and ‘‘ septic ”’ matter be introduced, putre-
factive processes will be set up, an acute inflammation of the
whole abscess-wall will ensue, and pus will be formed in greatly
increased quantities.  Although, however, neither micrococei
nor other organisms which cause acute suppuration are to be
found in the pus of a chronie abseess, yet most of such abscesses
are of bacterial origin, for a very large proportion of them are
tuberculous, and associated with the growth of the tubercle
bacillus. It is further probable that in other cases the abscess
was primarily due to the action of pyogenie germs which died
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at a later stage, for it has been shown that pus is an unsuitable
soil for the continued growth of micro-organisms. This can
be proved to be the case in some empyemas, the pus from which,
though sterile on cultivation, may be found to contain, on
microscopic examination, degenerate pneumococei.

Chronic abscesses often attain great size, and may remain for
many months or even years without undergoing any material
alteration in size. In some cases, and especially when the exeit-
ing cause has been removed, the fluid portions of the pus may
be absorbed, and the pus-cells may dry up and become con-
verted into a caseous mass, part of which may subsequently
become caleified. When absorption is in progress, the contents
of a chronie abscess present varying degrees of inspissation.

Occasionally, when the contents of an abscess have been
apparently absorbed, there is a recurrence of inflammation after
an interval, which may amount to years, and pus is again formed.
To such abscesses, oceurring in the site of past suppuration, the
term ** residual ”’ has been applied by Sir James Paget. They
arc probably due to the renewed activity of microbes, some
few of which have succeeded in maintaining their vitality, in a
dormant condition.

Lymphatic Abscess

Lymphatic or ** cold ” abseesses are sometimes separated
from the chronie variety on account of the greater rapidity with
which the formation of pus in them takes place, They may
indeed form very rapidly, and a case is recorded by Brodie in
which he removed three quarts of pus from the thigh of a gentle-
man in whom it had collected in the space of three weeks. Such
an abscess could scarcely be called ** chronie,” yet it differs
from an acute absecess in the complete, or almost complete,
absence of pain, redness, and heat. The walls of such abscesses
are usually very thin, and their pus is often ill-formed and watery.
It is probable that most lymphatic abseesses are of tuberculous
origin.

Healing of an Abscess

As already mentioned, the pus of any acute abscess is practi-
cally dead and * septic ”* material, and, as such, acts as a foreign
body to the tissues around it, and keeps up the suppuration.
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When, however, the contents of such an abscess have been
discharged, and nothing remains to cause a continuance
of the inflammatory process, the abscess-cavity is rapidly
obliterated. This obliteration occurs as follows :—The granu-
lating surfaces of the abseess-walls are brought into contaet by
the pressure exercised on them by the surrounding tissues,
which have until now been mechanically distended by the
collection of pus. This pressure is naturally greatest in
the deepest parts of a wound, and thus it is in its deepest
parts that the walls of an abscess are naturally first approxi-
mated. Such an approximation soon results in an actual grow-
ing together of the opposing layers of granulations, and a
gradual obliteration of the abscess-sac from below upwards.
If, however, the walls of the abscess are very thick. or the sur-
rounding tissues are much matted together, the collapse of the
abscess-sae will not take place, and pus will continue to be
formed from the granulating surfaces. But it does not follow
that even in these circumstances healing will not oceur, for the
abscess-cavity may be in great part filled by a growth of {resh
granulations and fibrous tissue, as in the process of healing of
an uleer. The slowness with which this process oceurs, however,
is well illustrated by the great length of time required to fill
up the cavity of an abscess situated in an absolutely unyvielding
structure, such as bone, for here, the collapse of the sac being
impossible, its walls cannot directly grow together.

In some cases an abseess does not altogether elose, but, con-
tracting to a narrow suppurating track, continues to discharge
pus. Such a track is called a sinus. Sinuses are often long,
narrow, and tortuous. They are lined by ill-formed granula-
tions, and seerete thin, watery pus. Their walls are commonly
thickened by fibrous tissue, and a bunch of granulations com-
monly sprouts from the orifice. Anything which keeps up
irritation will cause a sinus. Amongst the commonest causes
are the presence of foreign bodies, such as dead bone, portions
of clothing, cte.; the retention of pus in an ill-drained cavity ;
constant movements by neighbouring muscles; and the passage
of irritating matters, such as feces or urine.

Ulceration

Uleeration is the term employed to indicate an inflammation
of a free surface which has progressed to suppuration. The
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process by which an uleer is formed does not differ in any way
from that by which an abscess is developed. In each case, an
inflammation having been started, exudation, and softening of
the surrounding tissues oceur, and in each granulation tissue is
developed and pus is formed. In the case of the abscess this
pus cannot at once eseape, for it is surrounded by granulation
tissue on all sides; but in the case of an uleer, the inflammation
having occurred on a free surface, the pus escapes as quickly
as it is formed, and the granulation tissue is found only in the
“ base ™ of the ulcer. It cannot be too clearly enforced that
the section of the base of an uleer and that of the wall of an
abscess which has ceased to spread possess precisely the same
structure.

Fach is composed of * granulation tissue,” and by each
pus-cells are formed. If an abscess-cavity could be laid
out on a free surface, it would form an uleer: or if one uleer
could be placed over another so that the pus from each was
shut in, a cavity lined by granulation tissue and structurally
identical with an abscess would be formed. Uleeration is com-
monly said to mean *° molecular death,” and this is true. But
it is also true that suppuration means precisely the same, and
that the gradual destruction of tissue already deseribed in
dealing with the formation of an abscess differs in no way from
the * molecular death ** of uleeration.

An uleer, like an abscess, may result from persistent irrita-
tion, or from a septic condition of a wounded surface. In the
case of a traumatic ulcer of the skin, the initial injury is often
slisht, perhaps an abrasion destroying the surface epithelium
and exposing the papillary layer. Such a wounded surface would
readily heal if not exposed to irritation by dirt or mechanical
stimuli; but, if so exposed, the inflammation started by the
injury progresses through the stages of hypersemia, stasis,
exudation, ete., and results in the formation of granulation
tissue from which pus-cells are thrown off.  If the irritation be
kept up, or if septic conditions exist, the uleer may spread,
and the deeper structures will be gradually involved and will
perish in the process of suppuration. After a time the ulcer
ceases to extend, and either remains stationary or progresses
towards cicatrisation. Its stationary condition is unnatural,
and is usunally the result of a continuation of the irritation,
but it may be due to various local conditions to which allusion
will presently be made.
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In describing any uleer, attention must be paid to :
(1) The shape and extent;
(2) The floor and secretion;
(8) The edges;
(4) The surrounding parts.

Following this arrangement, we may now proceed to deseribe
a healthy, healing ulcer—i. e. one from which all irritating causes
have been removed, and which is in process of cicatrisation.

(1) The shape and extent vary in different cases.

(2) The floor is on the same level throughout, and is formed
of innumerable “ granulations,” which give it a velvety appear-
ance,

Examined more closely, each granulation is found to consist
of a small papilla composed entirely of small round cells, many
of which are polynuclear leucocytes, loosely held together by:
fibrin, and having in its centre a single looped blood-vessel.
All the granulations are of the same size, and are bright red
in colour. They are closely packed, and the whole base of the
uleer is evenly covered by them. Immediately below these
granulations lie the tissues softened and irritated by the inflam-
matory process, containing exudation-cells and fluid, with many
new blood-vessels and connective-tissue eells in a condition of
active proliferation. The more deeply we pass the less marked
are the signs of inflammation, and after passing through an
area of mere hyperemia, we reach the healthy subjacent struc-
tures. In the deepest parts of the inflammatory area we find
some newly formed fibrous tissue.

The secretion of a healthy uleer is healthy pus. This is a
thick, opaque, vellowish fluid of a ereamy consistence, with a
specific gravity of about 1080, and an alkaline reaction. If
allowed to stand, it does not coagulate, but separates into two
layers, the upper being clear and fluid, the lower dense and
yvellow. The elear fluid is almost identical in chemical com-
position with serum. The denser layer is composed of * pus
corpuscles.”  Examined microscopically, these are found to be
round cells, generally finely granular, with a diameter of about
=xoo Of an inch, with a lobed or multi-partite nucleus. They
are escaped leucocytes, many of them showing active ameehboid
movement, and containing bacteria or eellular remains in their
substance (phagocytosis). A large number of these white cor-
puscles are, however, dead and in a state of fatty degeneration,
and, being dead, have no amaboid movement.
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(3) The edges of a healthy ulcer are not raised, or indurated,
or sharply cut; they slope gently on to the base, and where the
edges and base join there is a thin bluish-white pellicle mark-
ing the line of the advancing epithelium, which is eventually to
overgrow the whole uleerated surface.

(4) The parts immediately around a healthy ulcer are red and
inflamed, but this inflammation is very slight, and limited to the
immediate vicinity of the uleer. The skin in the neighbour-
hood is healthy, and is not congested, eczematous, cedematous,
or otherwise abnormal.

Perforating Ulcers

These are uleers whose formation is essentially the result of
some disease of the nerves, and which are characterised by their
tendency to extend in depth rather than in area. They are
almost always found on the sole of the foot, and especially
beneath the ball of the great toe. Thev commence with a corn-
like thickening of the epidermis, which may precede uleeration
for several months. The ulcer has a great tendeney to extend
into the subjacent metatarso-phalangeal joint and to cause its
suppuration; but, if treated by rest, cleanliness, and the
removal of pressure, the uleeration generally ceases to extend.
Perforating uleers sometimes complicate tabes dorsalis, and may
occeur in the course of other diseases of the spinal cord, or in
eases of peripheral neuritis and notably in leprosy. They are
sometimes associated with sweating and anmsthesia of the
neighbouring skin. If the part be treated by amputation, the
uleer is prone to recur on the stump.

Healing of an Ulcer

It has already been said that so long as an uleer is irritated
so long it tends to extend, but when all irritation has been
removed, the inflammatory process becomes more limited, and
repair commences. An uleer implies loss of substance, and the
first efforts of repair are directed towards filling up the gap made
by the uleerative process. Until this gap has been filled up—
i. e. until the base of the ulcer has been raised to a level with
its edges and with the swrrounding parts—the process of
** skinning over ”’ does not commence.

The gap is filled by fibrous tissue, which is formed from the
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surrounding proliferating connective-tissue cells. In the deeper
parts of the granulations the newly formed and actively multi-
plying connective-tissue cells which lie amongst the exuded
leucocytes show further activity, and, together with their
neighbours, develop into fibres in the manner already deseribed.
Fresh granulations are now formed, the proliferation. of cells
continues, new loops of blood-vessels shoot up towards the free
surface, and thus by a constant development of the cells in the
deeper parts of the uleer, and an equally constant growth of
fresh granulations, the base of the uleer is raised to the level of
the surrounding parts. When this is accomplished, the epi-
thelial eells at the edges grow over the ulcerated surface, and
gradually cover it in. At first the epithelial covering is very
thin, and the granulating tissue beneath, shining through, gives
it a bluish-white appearance. Later on, when the epithelium is -
thicker, and the subjacent structures have lost their vascularity,
the ** scar ™ or ** cicatrix » is of a pearly-white colour.

It is the special characteristic of all newly formed fibrous
tissue that it tends to contraet, and, as a consequence, the scar
tends to diminish in size for long after the skinning-over process
is complete. It is probable that this contraction is merely the
result of lessened vascularity, for by the time the epithelium has
grown over the ulcerated surface, the numerous newly formed
blood-vessels, having fulfilled their purpose of bringing up
material to fill the gap, and of supplying the young connective
tissue with nourishment, shrink and disappear. The young
fibrous tissue consequently becomes more dry, and shrinks, and
thus produces the contraction characteristic of all sear tissue.
The result of this eontraction is that the neighbouring parts tend
to be drawn in towards the sear, and on the extent to which they
can be drawn in, even more than on the size of the original
uleer, the extent of the resulting cicatrix will depend. Thus, in
extremely lax tissues, such as the serotum and eyelid, large
portions of skin can be removed with scareely any visible sear
resulting : but where the skin is tense—as, e. g. over the front
of the tibia—the scar of an uleer is always relatively large.

When the whole thickness of the skin has been destroyed it
is not reproduced, and the epithelial covering of the cicatrix is
devoid of papille, hairs, sebaceous and sweat glands.

Oceasionally the growth of scar tissue does not cease when
the wound has closed, but more fibrous tissue is produced, and a
keloid growth results. Keloid is, indeed, a tumour eomposed of
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sear tissue, and may uriginate in the site of any healed wound,
however minute. It is most frequently seen on the chest and
shoulders, and is relatively common in the sears on the necks of
tuberculous persons. The microscope shows that a keloid is
composed of spindle cells and fibrous tissue, closely resembling

Fiz. 5.—Keloid Sear on the Male Breast,

the structure of a fibro-sarcoma. In most cases, after continuing
to inerease for an indefinite time, the growth of a keloid secar
ceases, and in many instances the tumour already formed
pa.rtiall}r or entirely atrophies. Remowval of keloid by operation
is generally useless, as the sear of the operation wound also
usually becomes keloid.



CHAPTER VI
HEALING OF WOUNDS

AvrtHoucH wounds are generally desceribed as healing in four or
five different ways, yet in all the proeess by which they are
finally closed is the result of inflammation, It will be re-
membered that we have already defined inflammation (p. 22)
as ““ the suceession of changes which oceurs in a living tissue
when it is injured, ete.,” and thus it may be said that every
injury carries with it its own cure, for in all alike the healing
process is of inflammatory origin, and is the direct result of
the injury.

It is true that even within very recent years °° healing by
immediate union ™ has been described, but this is a process
which may be said to have no pathology, for in it the several
tissues are supposed simply to join without the intervention of
any uniting material whatever. Thus, one piece of muscle
would become attached to another piece, one end of a cut
vessel to the other, and so forth. Tt is ecertain that this never
really occurs, and that in all eases there is some intervening
plastic material, however small in amount.

Healing by First Intention

is healing without the formation of pus, and is best seen in
cases of surgical operations, where healthy soft tissues have
been cleanly divided by a sharp knife—e. g. in operations for
hare-lip or in flap amputations.

If in such a case all hemorrhage is arrested, and the parts
are brought into complete apposition, the following changes
may be noticed :

The edges of the wound at first become slightly red and
swollen, the latter condition being often well demonstrated by
the * burying ”* of the sutures which have been originally quite

loosely tied, but which subsequently become tightened by the
48
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swelling of the soft parts. Following this there is some increase
of heat and pain, and thus it will be seen that all the signs of
inflammation are present, though all in a very slight degree,
and strietly limited to the immediate neighbourhood of the
wound. In the first few hours there is often a little oozing of
serous or plastic fluid, but after the second day, or earlier, the
pain, redness, heat, and swelling subside, and a thin red line is
the only indication of the previous injury. Next, the redness
of this line fades, and finally a narrow white streak or
*“ cicatrix "’ remains.

A closer investigation of the process shows that, in the ab-
sence of all sutures, the eut surfaces are within a few hours held
together by some glutinous substance, and that with care they
may be separated without the necessary causation of bleeding,
the non-vascular uniting medium being fibrin, which has been
exuded from the vessels in the immediate neighbourhood of the
wound. Twenty-four hours later the uniting material has be-
come vascularised, and any attempt to separate the cut surfaces
will excite hemorrhage, whilst, later still, the newly formed
blood-vessels shrink and disappear, and the scar becomes
absolutely non-vaseular.

A miicroscopical examination of the wound affords an ample
explanation of these clinical facts.

The immediate effect of the injury is to set up those changes
which are characteristic of the inflammatory proecess, and con-
sequently the parts in the immediate neighbourhood of the
wound become the seat, first of hyperemia, and then of exuda-
tion of liquor sanguinis and of leucoeytes, proliferation of
connective-tissue cells, and softening of the inflamed tissues.
Between the flaps, and into the uniting fibrin, cells are exuded.
These changes are quickly followed by the formation of loops
of new blood-vessels and of granulation tissue between the
flaps, which are in fact, as it were, melted into one another,
in the same way as two pieces of sealing-wax may be united 1f
heated and held in apposition, the inflammatory process soften-
ing the tissues in the same way as the flame softens the sealing-
wax (Billroth).

Now, it has already been shown that in healthy tissues no
inflammation will progress to suppuration if the injured part is
not irritated either by mechanical means or by the presence of
septic material; so that in the wound in question, whilst the
initial injury is alone capable of exciting a sufficient amount of

4
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inflammation to promote its healing, il no irritant be subse-
quently applied resolution will shortly ensue, and the inflam-
matory process will subside. If such be the case, the exudation
of eells and liquor sanguinis, and the formation of new vessels
will cease, for suflicient material has now been provided for the
repair of the injured part. But the process of repair, begun
chiefly by the connective-tissue cells, goes on until the secar is
formed. Finally, both those cells which lie between the flaps,
as well as those which lie in the softened tissues of the flaps
themselves, will develop and form fibres, and finally the wounded
surfaces will be united by a firm scar
of non-vascular fibrous tissue.
Healing by seabbing.—Healing by
scabbing is wusually healing by first
intention. The scab is formed by
blood-elot, which is often held more
firmly than it otherwise would be by
being matted with hair and sometimes
with other foreign bodies. The scab
3y b ~ plays the part of a natural ** dressing,”
Fie. 6.—Diagram of a Healing 1. by SRR i hanvieall rmtas
R and, by preventing mechanical irrita
At B the space between the tiOn and infection by septic material
f:"l i filled with cells, which from without, promotes healing with-
{ ¥ ave become :_11_-1.“|._1.1“_.{1 3
into fibrous tissue, and at ¢ OUt the formation of pus. In some
t’{"fr's““;‘T;_"i:;:fn::‘t“‘tﬁ 1}?;& cases the scab fails.tu prevent sup-
and form pus. puration, and when it becomes separ-
' : ated a drop or two of pus is found
beneath it covering over an ulcerated surface—healing by

first intention has failed, and union by granulation is in
progress.

Healing by Second Intention, or Healing by Granulation

Healing by second intention is healing with formation of
pus. If a wound about to heal by granulation is watched, it
will be seen that the same changes occur in it at first as in the
wound healing by first intention, but that, as times goes on,
the signs of inflammation, instead of decreasing, become more
marked. The redness and swelling extend, and the discharge,
wh l:::h tll']gilila]]}-' consists of serum or of lymph, instead of soon
drying up, inecreases in quantity and changes its character, for,
though it is at first merely stained with the blood colouring-
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matter derived from disintegrating clots, it afterwards becomes
thicker and whiter, and finally consists of pus.

At first, the edges of the wound are united by fibrin, but, as
suppuration progresses, the pus gradually collects between the
flaps, and after a time completely separates them, and exposes
granulating surfaces.

Microscopically examined, the same changes are at first
noticed as in healing by first intention. Instead, however, ol
the inflammatory process stopping short at the production of
just a sufficient number of cells to unite the wounded surfaces,
it progresses. More and more cells and fluid are exuded, the
uniting fibrin and the softened tissues of the flaps become
completely liquefied, and finally the flaps are separated, and
their * granulating ” surfaces are exposed. It will thus be
seen that up to a certain point the processes of healing by first
and by second intention are identical. The cause of the sup-
puration in the second case is to be found in the presence of
either a mechanieal irritant or of septic matter. Some foreign
body may be in the wound, serum or blood may be retained
under tension, or a portion of dead tissue may remain and
decompose, and so the inflammation will progress instead of
undergoing resolution.

A granulating surface being thus exposed, it in many cases
proceeds to heal in exactly the same way as an uleer—i. e. by
the development of fibrous tissue in the deeper parts from the
connective-tissue cells, and by a constant formation of fresh
granulations until the surface is reached. It is in these cases
that phagoeytosis can be well observed. The leucocytes are
seen to contain numerous cocei, the organisms of suppuration.
The connective-tissue cells may assist in this process and help
to clear away the leucocytic débris, which remains behind after
the death of the white corpuscles.

In other cases healing by third intention takes place.

Healing by Third Intention, or Union of Granulations

This method of healing is really far more common than is
usually supposed, and consists in the approximation and unon
of the opposed granulating surfaces, all irritating matter which
originally caused suppuration having been first removed. Such
a mode of union has already been described as taking place
between the opposing walls of an abscess after evacuation of
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its contents, and constantly occurs in the deeper parts of all
granulating flap-wounds, though, on account of the fact that
it cannot be seen in actual progress, it has scarcely obtained
sufficient prominence.

Healing of lacerated and contused wounds.—In lacerated and
contused wounds not only is the initial injury greater than in
clean cuts, but small portions of the damaged tissues are usually
injured beyond repair, and die. These dead portions, being in
contact with the living parts, and often infiltrated with septic
material, act as foreign bodies to the tissues amongst which
they lie and cause suppuration. For these reasons lacerated
wounds with large sloughs cannot be expected to unite by first
intention, for before healing ean occur the dead parts or sloughs
must be separated. After this has taken place, the wound heals
by second dr third intention in the manner already deseribed.

The Effect of Drainage of Wounds

In many large wounds it is customary to provide for the free
escape of any fluids that may eollect in the injured parts. This
provision for the escape of fluid is spoken of as * drainage.”

In what has been written above of the changes observed
during the union of wounds, the escape of serous and plastic
fluid, and in other cases of pus, has been mentioned as of usual
oceurrence.  This fluid is derived in part from the contraction
of clots and the squeezing out of serum, but in much greater
part from the exudation which is the necessary accompaniment
of all inflammation. In some cases, where large raw surfaces
are left, as after amputations, the amount of this fluid is very
considerable, and if no exit were allowed it might collect be-
tween the flaps, and, by mechanically separating them, and
causing tension, would effectually prevent union by the first
1 a trouble which is {ﬂnuted by the use of drainage-
tubes during the first day or two after operation. But not only
does retained fluid prevent healing by mechanieally separating
the parts; it also provides an admirable medium for the de-
velopment of any micro-organisms that may gain access to it.

It has been shown by Wegner that fluid containing micro-
organisms may be introduced with impunity into the peritoneal
cavity of an animal so long as no more fluid is used than can be
readily absorbed. If, however, more fluid is injected than ean
be absorbed, it causes an accumulation in the peritoneal cavity,
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and peritonitis supervenes. The explanation of this is obvious.
The unabsorbed fluid quickly becomes charged with animal
matter, and in this the micro-organisms rapidly develop, and
cause putrefactive and inflammatory changes. When only a
little fluid is used it is rapidly absorbed, and the micro-organisms,
coming into direct contact with living and healthy tissues, are
immediately destroyed.

There is, therefore, a great difference between exposing to
contamination an open granulating surface and one which is
elosed, Thousands of people, for instanece, go about their daily
work with large uleers on their legs, freely exposed to dirt of all
kinds, and septic in the extreme, yet no harm comes, for any
organisms which may gain access to the ulcerated surface are
either destroyved by the granulations—perhaps by phagoeytosis
or by the solvent action of the pus—or quickly washed away in
the discharge, and get no opportunity of execiting putrefactive
or other morbid changes. On the other hand, if pyogenie
bacteria gain access to the retained fluid in an amputation
wound, they will rapidly multiply in it, will cause decom-
position of the fluid, and will form material which, if absorbed,
will lead to severe constitutional symptoms.



CHAPTER VII

SURGICAL FEVER, AND INFLAMMATORY
LEUCOCYTOSIS

TrauMATIC fever is a fever due to an injury. Suppurative
fever is a fever oceurring in connection with the formation
of pus.

Traumatic Fever

If any severe injury is inflicted on a healthy person, the
temperature, after a transient depression dependent on ** shock,™
often rises above the normal, and continues to ascend for about
twenty-four to forty-eight hours, usually attaining its highest
point on the evening of the second day. The inereased rapidity
of pulse and respiration, the dryness of the skin and of the
mouth, the furred tongue, constipated bowels, and seanty, aeid
urine, which are the usual accompaniments of fever, are all
present.  After the second day the temperature descends, and,
as a rule, the fever has run its course by the fourth or fifth day.
It never continues more than a week. Traumatie fever such
as this has no connection with any septic condition of a wound.
It is the direct result of changes set up by the injury itself, and
provided that nothing intervenes to alter its course, will reach
its height and then subside in a perfectly definite manner.

The causes of this form of fever have been variously ex-
plained. The first and oldest theory is that it is due to the
increased temperature of the parts which have become in-
flamed as the result of the injury. This, however, is not true,
for, as has already been mentioned, the increased temperature
of the inflamed part is only relative, and never exceeds that
of the blood. It is, therefore, not possible that the latter
should become heated by its transit through the inflamed
area.

The second theory is that the fever is caused by the ab-

sorption of pyrogenous material. Any substance which, when
B4
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inoculated, causes a rise of temperature is said to be * pyro-
genous,” and it has been shown that the ferment which is
present during the formation of fibrin belongs to this class. In
many cases of traumatie fever there has been extravasation of
blood into the cellular tissue, and pyrexia is a common result
of effusion of blood into a joint or into the pleural cavity. It
is therefore probable that the absorption of fibrin ferment
from blood or from inflammatory products, independently of
any septic contamination, may cause fever.

The third theory is that the fever is of nervous origin
that the irritation of the peripheral nerves at the seat of injury,
either mechanically or by implication in the inflammatory pro-
cess, may reflexly cause the production of a greater amount of
heat throughout the body. No doubt need be entertained of
the possibility of such a mode of production of heat, for it finds
a parallel in the normal physiological processes by which the
temperature of the body is maintained at a uniform level, and
it is certain that, in some cases at least, traumatic fever is of
neurotic origin. Thus, in cases of simple fracture the tempera-
ture frequently rises within an hour or two of the receipt of the
injury, when there has scarcely been time for the absorption
of inflammatory produets. And, again, in many other ecases
a splint, tightly applied, or inflicting pain, is the cause of an
attack of fever, which immediately subsides after the removal
or loosening of bandages or strapping. In another variety of
traumatic fever, the fever is the immediate result of irritation
of, or injury to, the urinary tract, and especially the male
urethra. In some patients the passage of a catheter, which in
no way injures the mucous membrane, is immediately followed
by a rigor and faintness, with much shock, succeeded by a rise
of temperature of several degrees, which in its turn usually
quickly passes away, the attack being evidently throughout
of a neurotic nature.

It is thus clear that traumatic fever runs its most typieal
course when a wound is healing by first intention, that it is
independent of any septic changes, and may be, and often
is, present in injurics unaccompanied by any open wound
at all,

If a wound does not heal by first intention, and pus is
formed, the traumatie fever, instead of subsiding, is liable to
continue, and to pass gradually into suppurative fever.
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Suppurative Fever

This form of fever, unlike that which precedes it, attains no
definite height and runs no definite course, for, unlike the
former, it is not dependent upon a single and transient cause,
but is liable to last so long as the suppuration persists.

Cause.— The same eauses that produce traumatie fever may
also influence the course of suppurative fever, but the most
important and most active cause of the latter is undoubtedly
the absorption of ‘ pyrogenous,” or fever-producing, material
from the wound. It has been already mentioned more than
once that the cause of suppuration is either mechanical irrita-
tion or the presence of miecro-organisms which are pyogenie
or septic in nature. Now, the pus which is formed as the result
of mere mechanical irritation has little more pyrogenous pro-
perties than has fibrin ferment, but the pus which is produced
by the action of pyogenic cocei or is contaminated by septic
material is in the highest degree pyrogenous. In speaking of
the drainage of wounds, it has already been said that the re-
tained products of inflammation form a most favourable medium
for the development of micro-organisms, and if pus which is
at first perfectly healthy is submitted to the aetion of the
organisms capable of promoting suppuration or putrefaction,
it will soon be found that the latter have produced in the pre-
viously almost innocuous pus morbid products which, if injected,
will cause all the symptoms of severe suppurative fever. Thus,
it has been shown experimentally that the chemical products
of micro-organisms are capable of causing fever when injected
into the circulation or subeutaneously. The pyogenie cocei
produce toxie substances which are markedly pyrogenous.
Further, it has been shown that the dead bodies of bacteria
contain substances which are not only pyogenic but lead often
to great febrile disturbances, accompanied by marked changes
in the blood, both chemical and morphological; there is often
a pronounced leucoeytosis, and an impairment of the coagu-
lative power of the blood. In some cases, no doubt, the fever
produced is a defensive mechanism applied by the body to
counteract the effects of intoxication or infection. In other
cases, however, it signifies a gradual decline in the resistance
of the animal organism.

If, however, a free exit is given to all the products of
inflammation, first, they will often not be absorbed at all, and,
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secondly, they will not remain sufficiently long exposed to the
action of micro-organisms to become contaminated before being
discharged from contact with the tissues capable of absorbing
them.

It is thus evident that suppuration may occur, and large
quantities of pus may be formed, and yet no ° suppurative
fever ”” may be present. The oecurrence of the latter is due to
the retention and absorption of altered inflammatory products
rather than to their formation.

Just as traumatie fever fades into suppurative fever, so the
latter fades into hectic fever.

Hectic Fever

The special characteristie of heetie is the marked periodicity
of the rise of temperature, which always attains its greatest
height towards evening, and then, after perspiration more or
less profuse, gradually sinks, sometimes becoming normal, but
often remaining persistently a little higher than natural.

This form of fever is almost invariably the result of long-
continued suppuration. Its pathology is as vet obscure, but
it has been shown by experiment that many albumoses, which
are amongst the metabolic produets of suppurative organisms,
are capable of producing fever lasting for several days, and
Koch’s old tubereulin, which to a great extent consists of toxie
albumoses, when injected into the animal body, will cause a
prolonged rise of temperature, so that we must believe that
the hectic fever is due to a repeated absorption of peculiar
chemieal substances elaborated by the miero-organisms. These
in some cases react as albumoses, but their true nature is at
present unknown.

Inflammatory Leucocytosis

It will be convenient at this point to mention another ** con-
stitutional ”* feature of inflammation, namely, the increase in
the circulating leucoeytes of the blood known as * inflammatory
leucoeytosis.”” The nature of this increase has already been
explained : it is part of the mechanism by which the reserves
of leucoeytes in the bone marrow are mobilised for function at
the seat of injury.

The average number of circulating leucoeytes in health is
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about 7500 per cubie millimetre : anything from five to ten
thousand may be regarded as within the limits of the normal.
Of these, some 5000 should be polynuclear leucoeytes, some
2000 lymphoeytes, while the balance is made up of small
numbers of large mononuclears and ecosinophils with a few
basophils. Now, in an acute inflammation the special need
is for polynuelears : it is these which are passed out into the
circulation in extra numbers : the lencoeytosis of acute inflam-
mation is essentially a polynuelear leucocytosis. The actual
number of leucoeytes found in the blood depends upon two
factors—(1) the nature, extent and severity of the injury,
(2) the capacity of the patient to respond to it by suitable
defensive measures. A patient with no powers of response
may show little or no leucoeytosis even in presence of a grave
inflammation, and such cases are highly unfavourable. A
trivial injury naturally eauses no marked response, and leuco-
evtosis may be wholly absent. The great value of a leucoeyte
count in surgical practice is seen in two directions: it is a
valuable adjunct to diagnosis, often serving to reveal the
presence of a focus of suppuration which might otherwise
escape detection, and it is of some help in prognosis as an
indication that the patient is responding adequately -to the
emergency. :

An increase of the circulating leucoeytes up to fifteen or
twenty thousand per cubic millimetre is common in acute
inflammations, and may be regarded as a moderate leuco-
eytosis. Leucocytoses of thirty thousand or more are some-
times seen—e. g. in pneumonia. As an instance of the value
of the leucoeyte count no better one can be cited than appendi-
citis. Leucoeytosis is slight or absent in ordinary catarrhal
troubles of the appendix, but the formation of an abscess in
that region is generally associated with a well-marked increase
in the circulating leucoeytes, If in a case of appendicitis the
leucoeyte count rises suddenly from 10,000 to 20,000 or 30,000
per cubie millimetre, it becomes probable that an abscess is
forming although it is not to be regarded as certain. But on
the other hand it must not be assumed that absence of leuco-
eytosis in any given ecase disproves the existence of abscess, for
it may have been present at an earlier stage, and have passed
away owing to failure of reaction or to some other cause.
Leucocytosis is a waluable sign only if taken in conjunction
with other symptoms and signs: it offers a numerical index
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by which we ecan gauge the patient’s reaction, and hence by
inference the existence of a lesion demanding such reaction.
What is true of appendicitis is true of other inflammatory
processes, though polynueclear leucocytosis is not confined to
inflammations. It may be seen in septicemia and in many
affections unassociated with local inflammations. But in
surgical practice its greatest practical value has been found
to be in the diagnosis of deeply seated suppurations: it may
also serve as an aid in judging of the efficacy of treatment—
for instance, as to whether an empyema is or is not efficiently

drained.



CHAPTER VIII
SAPRAEMIA, SEPTICZEMIA, AND PYZEMIA

SAaprREMIA is a clinical term applied to a constitutional con-
dition resulting from absorption of the chemical products of
pvogenic or septic organisms.

It has already been mentioned that the chief cause of sup-
purative fever is the absorption of the chemical products of
suppuration or decomposition from a wound, which under such
conditions is called septie, not because there are necessarily
putrefactive or truly septic processes going on, but because
those changes exist in it which render it unhealthy in appear-
ance and dangerous to the patient. Sapreemia is to be re-
garded as simply a severe form of suppurative fever, which is
also the result of absorption of toxic matter from an inflam-
matory area. The agents at work in causing decomposition
in all animal substances are micro-organisms, and in sapramia
also the poisonous material results from the action of these
organised ferments. It has been shown by experiments on
animals that two separate conditions exist which have pre-
viously been included under the one name of septicemia, and
before proceeding further it is necessary to elucidate this point.

If fluid taken from a decomposing wound, and therefore
containing various kinds of toxins, be first of all earefully
filtered and thereby purified from the numerous miero-organ-
isms which it contains, and then injected into an animal, it is
evident that the latter is inoculated, not with the organisms
themselves, but with the chemical products of their action on
animal matter. To the peoisoned condition which results the
name of sapraemia, or septie intoxieation, is applied.

The chief symptoms of this are slight museular twitchings
and loss of power, with great restlessness, vomiting, and diar-
rhecea. The temperature rises, the breathing becomes difficult,
and finally death ensues from cardiac weakness. Such is the

course of events if a sufficiently large dose has been given, and,
60
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when an excessive quantity has been injected, the animal may
die in an hour or two. When the dose is but small, recovery
follows after a slight febrile attack. The course of events is
entirely analogous to what is seen when any other active
unorganised poison, such as-' strychnine, aconitine, ete., is
administered. If the dose is large enough the patient dies;
if not, the poison is excreted, and he recovers.

In the case of sapriemia, then, the process is pre-eminently
intoxicative. A concrete example will show this clearly. 1In
the case of a uterus after delivery, in which through neglect the
clots and decidual remains are not kept in a clean and healthy
condition, the result is a more or less raw surface, covered with
dead and devitalised débris. This forms a soil in which bacteria
can readily grow. There is no necessary invasion of the sub-
jacent living tissues: even saprophytes may multiply under
such conditions, and the products of their activity, absorbed
into the eirculation, may give rise to fever and other symptoms
of sapriemia, Commonly, however, the bacteria concerned are
not pure saprophytes, but facultative parasites. In cases of
raised temperature during the puerperium, cultivations from
the interior of the uterus usually yield a growth of streptococel.
Yet even in this case the condition may still be one of sapriemia,
provided that no invasion of living tissues has taken place—a
matter in which the resistance of the patient plays a very impor-
tant part. The danger of such invasion is indeed great, and
in many cases a septic endometritis is actually present. But
in a true sapramia the fever and other symptoms will subside
if the uterus be thoroughly cleansed and disinfected, for with
the removal of the decomposing clot and dead or dying tissues
in its interior ‘the nidus for saprophytie growth disappears.
The absorption of poison thereupon ceases, and that which has
already been absorbed is soon eliminated. It has been a case
of chemical poisoning from outside the limits of living tissue,
and no purely chemical poison can multiply in the body.

Septic infection, or true septicemia, differs from sapraemia
in the essential particular that it is a true infective process due
to micro-organisms capable of living and multiplying in living
tissues. These are commonly the familiar pyogenic micrococcl.
It is experimentally produced by injecting infected fluid con-
taining such organisms into a susceptible animal. Obligatory
saprophytes are not the cause of true septiceemia, for they are
incapable of acting on living tissues, and in the presence of the
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latter are soon destroyed. It is certain, therefore, that other
more active organisms, capable of living and multiplying in
the tissues and blood—pathogenic parasitic organisms—are the
cause of septiceemia. Koch has indeed shown that in the case
of mice such an agent exists—namely, a very slender bacillus,
which, if introduced into a mouse in the smallest quantities,
multiplies with extreme rapidity, and quickly causes the death
of the animal. If the point of a knife be dipped into the blood
of a mouse which has died from this cause, and a slight seratch
be inflicted on another mouse, the latter also dies with similar
symptoms. Many other bacterial diseases met with in animals
are truly septicaemic, as, e. g, anthrax, pneumococcus-septi-
caemia, ete.  Strietly speaking, then, in septiceemia there must
be an infective agent, the pathogenic organism, which, intro-
duced in however minute a dose into a susceptible body, soon
multiplies in the tissue and blood, thus causing a general infec-
tion. The term septiceemia, however, as used in clinical surgery,
includes other eonditions besides these, and an illustration will
make this clear. .

Let us suppose that pyvogenic micrococei find entrance into
the uterine eavity after delivery, and begin to grow and multiply
in the wall of the uterus. They would here produce their toxins,
and, these poisonous substaneces being absorbed, an intoxication
must result. The organisms, however, being facultative para-
sites, may spread in and along the healthy tissues also, where
the saprophytes could not live, and, in the absence of adequate
resistance, will pass through and beyond the uterine walls, so
that soon there is an extra-uterine form of infection, and with it
an additional production of toxins and an exacerbation of the
symptoms of intoxication. The process in such a ease probably
spreads along the lymph-channels, and though there are all the
symptoms of septicaemia present, the blood may be entirely free
from micro-organisms, the symptoms being due to an intoxica-
tion, just as in the case of sapriemia. In both there is an
infection, in both there is an intoxication; but in the one case
we have to deal with a ** parasitic ” infection, in the other with
a ** saprophytie ” invasion of dead or dying tissues.

But there are other cases in which the cocei, besides spread-
ing along the lymphatics, may enter the circulation through the
veins and be carried away to distant parts. They will then
grow and multiply in the blood, and here also will manufacture
their virus, which, being readily absorbed, will rapidly cause
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severe symptoms of intoxication. At the same time, they may
be diffused also generally throughout the tissues by the blood-
stream, so that practically the whole body becomes infected.
An infection, therefore, may spread (a) along the lymphatics;
(b) by the blood-stream, or (¢) in both ways, and may be accom-
panied or followed by identical, or at any rate similar, symptoms,
which clinically are included in the term septicemia, though
strictly speaking only when the blood is infeeted should we speak
of * septiceemia.” The poison, then, in septicamia is essen-
tially infective, and the symptoms do not solely depend, as in
the case of sapraemia, on the amount absorbed from the wound,
for, however small the quantity of the poison, the organisms
which it contains are capable of indefinite multiplication in
living tissues and in the blood itself, and will thus in time
produce a sufficient amount of poison to cause death. The
chief symptoms are extreme feebleness and languor, with gradual
slowing of respiration.

Sapramia, as it occurs in man, generally results from absorp-
tion of considerable quantities of decomposing matters in cases
where pus and the other products of inflammation have been
retained under tension. Thus, it may be caused by decomposi-
tion and retention in the uterus of the fluid discharge which
follows parturition, or by the retention of pus between the flaps
of a septic stump.

Septicemia, on the other hand, may be produced in man, as
in mice, by a slight prick with any weapon which has been
dipped in septic material, and is particularly prone to follow
such injuries-as post-mortem wounds, or the injuries sustained
by butchers and others who have to deal with dead animals.
A large proportion of cases are due to streptococcus infection.
The amount of poison introduced may be infinitesimal, but it
can inerease in the body to an almost indefinite extent.

It is evident that, in the case of sapremia, if the dose has
not been large enough to kill, the patient may readily recover
if the cause of the poisoning is removed—e. g. if the retained
pus is evacuated. On the other hand, in true septicemia, even
if the cause be removed, the patient may die, as the micro-
organisms, once introduced, continue to multiply. A fatal
termination is not, however, inevitable, and in some cases at
least, even when the existence of a septicemia has been proved
by blood culture, the bacteria are destroyed, and the patient
recovers.



64 SEPTICAEMIA

The symptoms of *°septic intoxication” in man ecannot
practically be separated from those of * septic infection,” and
it is probable that in many cases the two conditions co-exist.
They would never have been differentiated except by experi-
ments.  During life it is usually possible to diseriminate between
them by blood cultures, using at least 5 or 10 c.c. of blood. The
symptoms, and the course they run, can scarcely be considered
at length in the present work, but it may be briefly stated that,
after an initial rigor of long continuance and unusual severity,
which is not repeated, there follows extreme depression of all
the vital funetions, and most noticeably of those of the central
nervous system. All the seeretions are dried up, and urine may
be completely suppressed. The secretion of pus shares in the
general disturbance, and any wound that there may be becomes
dry, and is sometimes covered with a yellowish rind. Severe
frontal headache is throughout a most prominent symptom.

The circulation is greatly interfered with, especially in the
smaller eapillaries, and in many parts of the body congestions
and actual stasis result. The blood may also escape from the
vessels, and may form small ecchymoses or petechi. These
may be seen in the skin, but are much more eommon on mucous
and serous surfaces. If a drop of blood be drawn off during
life, microscopical examination shows that some of the red
blood-cells are already undergoing disintegration, and that all
of them exhibit a great tendeney to cohere and form solid
masses. The breaking up of the red blood-cells indicates that
the poisonous material actually possesses the power of destroy-
ing the essential elements of the blood, whilst the cohesion of
the cells also explains, in part at least, the tendeney to stasis
and econgestion.

On post-mortem examination there may be little evidence
of disease. The spleen is usually somewhat enlarged, and there
are often small subserous petechiz on the pleure and perieardium.
The nature of the disease from which the patient has died is
commonly revealed only on bacteriological examination of the
blood or spleen, but it must be remembered that ** terminal *’
or ““agonal ” invasions of the blood-streams by the common
bacteria of the alimentary eanal are of frequent occurrence in
various diseases. In severe cases of septiceemia the blood may
be dark and poorly coagulable, while the voluntary muscles
and heart may be stained with extravasated blood and soft in
texture.
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Pyaemia

Pymemia 1s a form of septiceemia characterised by the
development of secondary metastatie inflammations.

In pyemia, as in septiceemia, definite bacteria produce the
poisonous or septic matter, the absorption of which into the
system gives rise to the general or constitutional symptoms of
the discase. In pymmia and septicaemia alike, the wound which
is the seat of inoeulation is generally of recent origin, and wounds
which are granulating are rarely infected. It is now believed
that the organisms present in pyemia are the same as those
which produce the poison in septiceemia. But while in ordinary
septiceemia Streptococcus pyogenes is the infecting agent most
usually found, Staphylococeus pvogenes is perhaps more often
present in the metastatic suppurations of pyamia.

The earliest symptom of pyamia is a rigor, but, whereas in
septicaemia the rigor is not repeated, pyamia is characterised
by frequent rigors. The length of time that pyvamia takes to
run its course varies greatly in different cases. In some, the
patient dies in three or four days; in others, not for weeks or
for months. KEven the most rapidly fatal cases survive longer
than do those of septiceemia. It may be that the very occur-
rence of secondary foci of suppuration denotes a degree of
resistance absent in the more rapidly fatal cases. The most
frequent complications are broncho-pneumonia and pleurisy,
pericarditis and endocarditis, abscesses seattered throughout
the body, painful swellings and suppurations of joints, peri-
tonitis, and thrombosis of the veins in the neighbourhood of
the seat of inoculation.

On post-mortem examination the museles may be found more
or less stained as in cases of septiceemia. The lesions most
commonly found comprise the following :—On opening the
thorax, the pleure are seen to contain considerable quantities
of dark, dirty-brown, foul, blood-stained fluid, often mixed
with pus and shreds of fibrin. Similar fluid may distend the
pericardium, and the surface of the latter membrane may be
rough and shaggy with recent lymph.

On removing and washing the lungs, small raised patches,
varying in size from a pea to a walnut—and seldom larger—may
be seen close beneath the pleural surface. The smallest of these
are dark in colour, the largest opaque and white. If the former
are incised, they are found to consist of very darkly congested
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patches of lung tissue, into which a small amount of blood has
heen extravasated.  If one a little bigger be chosen for ineision,
it will be seen that in the centre of the darkly congested area
there is a drop or two of pus, whilst all the swellings larger
than a hazel-nut are nothing more than abscesses. On making
sections of the lung, patches of broncho-pnenmonia will usually
be found, and there may be pus in the smaller tubes. Not
many abscesses, however, are usually found deep in the lung
itself: they are chiclly eonfined to the pleural surface.

FFia, 7.—8cetion through a pyaemic lung, showing a small blood-
vessel blocked by elot which is swarming with staphylococei. The
.L:ul'rmrmlin_r_: hmg 15 necrotic.

A mieroscopieal examination shows yvet more, for the vessels
in the thrombosed area are found to contain numerous miero-
cocei, which in some of the smaller capillaries are in such
numbers that they alone are sufficient to arrest the passage of
blood (sce Fig. 7).

On opening the heart, endocardial inflammation or small
abscesses in the heart-musele may be found. The peritoneum
may contain fluid similar to that met with in the pleural cavities
and pericardium, but its oceurrence is not nearly so frequent as
in the latter situations. The spleen is large, soft, and friable;
the liver is in a similar state. Either viscus, as well as the
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kidneys, may contain abscesses. If one of the joints which has
been swollen and painful is laid open, it is found to be distended
with thin, oily pus. Frequently the ecartilages and synovial
membrane look quite healthy and shiny; in other and rarer
cases they are uleerated, and the bone is exposed. Abscesses
may be found in different parts of the body, being specially
common in the parvotid regions. Wherever pus oeccurs it
contains mierococei.

An examination of the wound will generally reveal the
presence of retained pus, which is often foul. The veins in the
neighbourhood are sometimes filled with elot. and thrombosis
may extend for a considerable distance. The clot is always
ill-formed, friable, and disintegrating. Frequently, in clots
which are the most broken down, either semi-purulent fluid or
true pus may be found. The vein-wall may be roughened or
uleerated.

Explanation of the Secondary Abscesses

Such are, briefly, the post-mortem appearances of a case of
pyemia.  Some of them—-e. g. the inflammation of the synovial
surfaces—may be explained by the poisoned condition of the
blood, but it is evident that the abscesses in the different viscera
require further explanation. The first thing to notice about
them is their locality. They are far more frequently met with
in the lungs than in other viscera, and, whenever they oceur,
are situated at the periphery of organs and in the neighbourhood
of the smallest capillarics. This at once suggests an embolic
origin, and the source of embolism is readily found in the
thrombosed veins. If an embolus derived from one of the
valves of the heart, or from a healthy clot, and consisting simply
of a piece of fibrin, be lodged in the terminal branches of any
visceral artery, it will eause a complete stoppage of the blood-
stream, with secondary congestion, but in no case will suppura-
tion ensue. The abscesses of pywemia cannot, then, be accounted
for by the lodgment of simple emboli, but the condition of the
¢fot in the veins furnishes the necessary clue. The wound has
been the seat of certain septic changes due to the presence of
micro-organisms, and septic matter has been formed in it.
Similar changes have oecurred in the veins and their contents,
and it must be remembered that the coagulated blood is dead
tissue, and therefore incapable of offering any resistance to the
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growth of the parasites, which indeed it supplies with food.
The clot is not a simple thrombus; it is a poisoned or infeeted
one and contains micrococei, and because it is so poisoned,
therefore it disintegrates. The abscesses are now easily ex-
plained. The clot in the vein breaks up, and minute portions
of it, being washed away, are carried by the venous blood to the
right side of the heart, and are thence propelled into the pul-
monary ecirculation. In the smallest arterioles these emboli
lodge, and in the vessels and the neighbouring lung-tissue the
micrococei excite exactly the same septic changes as were
occurring in the wound from which they have been directly
derived. The emboli are not'simple; they are infective.

The abscesses in the other viscera are similarly accounted for.
Either some of the particles of elot from the original seat of
thrombosis are not detained in the lung-ecapillaries, and, reach-
ing the left side of the heart, enter the systemic circulation,
or, as is much more probable, fresh baeterial emboli are derived
from disintegrating clots formed in the pulmonary veins around
the scattered absecesses. The embolic nature of the abscesses in
question is further exemplified by noting that, in cases of pyzmia
following injuries or operations about the rectum, the abscesses
are most frequent in the liver, and not in the lungs—a fact
which is readily explained when it is remembered that much of
the rectal blood enters the portal and not the systemic system
of veins. In ** uleerative endocarditis  also, where the valves
of the heart are the seat of bacterial growth, the emboli which
are frequently detached lodge in the arterioles of the spleen,
kidneys, brain, and other viscera, and sometimes cause the
formation of embolic abscesses, whilst at the same time septi-
ceemia results from the general poisoning of the blood.

It will thus be seen that, in py@mia, there is not only septic
fluid absorbed from the wound, but solid particles of poisoned
clot are scattered by means of the ecirculation, and it is these
solid particles which give rise to the metastatic suppurations
which are typical of the pysmie state. But the abscesses in
the lungs and heart are also the cause of the suppurative pleurisy
and pericarditis already deseribed. As has been mentioned,
these abscesses are situated just beneath the serous coat, and
as they increase in size they commonly rupture into the serous
cavity. The septic pus they contain being thus brought into
contact with the pleura or pericardium, suppurative inflam-
mation of these membranes ensues.
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Pyaemia is really merely a variety of septicemia, characterised
by the presence of secondary or metastatic abscesses, but pro-
duced by the same organisms. The process is essentially
septiceemie, but there is a formation of infective thrombi, which
necrose and lead to embolism, and hence to fresh metastatic
foei, which suppurate and act as additional * septic” and
intoxicative centres. The symptoms are in the first place due
to intoxication, but in part also to the mechanical effects of
embolism.

It will be seen, then, that in a case of septic infection, when
perchance the organisms obtain access into the cireulation, one
or more results may ensue : (a) they may grow and multiply in
the blood, generally causing rapid death by means of an acute
blood intoxication; (b) the blood-stream may deposit the
organisms throughout the tissues, and thus cause a general
diffusion of the infective process, as, e. 2., in cases of ulcerative
endoearditis resulting from a septic infection, where oceasionally
a general erysipelas of the face and extremities may be pro-
duced through the eirculation; (¢) thrombi may form at the
seat of injury, which become infected and break down; the
detached clot then plugs some distal vessel, and embolism
results, leading to secondary septic foci (pyaemia). 1If the blood
be examined during life, micro-organisms can frequently be
demonstrated in the first two conditions, and are rarely absent
in true pywmia. These are the essential differences between
the various modes of infection through the circulation. It is
difficult to find special names for all the various ° septic™
processes, but pyzmia as a elinical term should be applied only
to a septiceemia accompanied by metastatic infective embolism.

No doubt typical instances of these conditions differ both
clinically and anatomically from each other, but frequently no
hard-and-fast line can be drawn. Thus, in typical septiceemia
there is but one rigor, and death ensues very rapidly; but in
other cases there are several rigors, and the patient may live a
week or ten days, yet a post-mortem examination shows the
lesions of septiceemia alone, and none of the multiple abscesses
of pyeemia. Again, a case which, at first at any rate, looks like
one of septicemia may exhibit after death numerous dis-
seminated suppurations. It is on account of such ecases and of
bacteriological observation that we must consider these dis-
eases as really and essentially parts of the same process, and
the entrance of the organisms into the ecirculation, and the
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disintegration of septie thrombi are to be considered as chance
oceurrences in the course of a case which otherwise would have
remained a loeal septie infeetion.

The conditions of wounds and of patients which predispose
to the development of the diseases in question are identical.
Anything which impairs health and so diminishes the resisting
power of the tissues predisposes the patient to attack. Over-
crowding, insufliciency of fresh air and good food, the presence
of large numbers of suppurating wounds in the same room or
building, are the most important.  Wounds of veins or of bones
are more {requently followed by both pymmia and septicemia
than injuries of other parts of the body: whilst the retention
of decomposing pus and other inflammatory produets is always
a fertile source of such affections.

The following table may assist in giving a clearer idea of the
rarious processes of septie infection :

INTOXICATION.

A. Following an infection of material ontzide the
limits of the living tissues
B. Following an infection by parasitic (pyogenic) -
Organisms
(a) Spreading along the lymph channels. {
{fj] Spre :11!"1; h'. MBS uf the blood vessels :
(1) Growing and multiplying in the J

o,

= Bapremia.

= Bepticamia.,

blood
(2) Carried to the tissues by the blood

. Following an infection by parasitic (pyogenic)
organisms amndl trmlm:iug seplicaemia with
infective thrombi and emboli

= Pywmmia.



CHAPTER IX
ERYSIPELAS

ErvsirELas is essentially a spreading infective inflammation.
It usually attacks the skin, but may also oceur on mucous,
serous, and synovial surfaces. It is probable that it always
commences in a wound, for even cases of so-called idiopathic
erysipelas almost invariably affect some exposed part of the
body, such as the face, where small abrasions are common.
The disease is the result of a local infeetion, but although the
chief apparent effect of the inoculation is also local, there is
always at the same time more or less severe constitutional
disturbance. It will be convenient to deseribe erysipelas as
it occurs on cutancous surfaces, for here it is at once most
frequently met with and is seen in its most typical forms.

Three varieties of the disease are described :

Cutaneous erysipelas.
Cellulo-cutaneous or phlegmonous erysipelas.
Cellulitis.

In each of these the first symptom is a rigor, with rise of
temperature, followed by sweating. Any existing wound
assumes an unhealthy aspect, healing processes cease, granula-
tions wither, and secretion of pus diminishes. Very soon the
edges of the wound swell, and the skin becomes bright red.
The swelling and redness extend together, so that the limits
of a cutaneous erysipelas while it is spreading are sharply defined
by a raised well-marked border. The hyperaemia is followed by
exudation of fluid, which collects beneath the epidermis to form
vesicles, or else, accumulating in larger quantities, results in
the production of bulle. The exudation is not limited to the
skin, but extends also to the subeutaneous tissue, and when the
latter is loose, as in the eyelids and scrotum, the effused fluid
may cause much swelling. Very shortly after the first symptoms
of erysipelas, the lymphatie glands in the neighbourhood become
inflamed and swollen, and soon afterwards the lymphatics

7l
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between them and the wound are marked out as tender and
red lines. As the erysipelas spreads at the edges, it fades in
the centre, and when it ceases to spread, the raised, defined
margin is lost, and the redness fades gradually into the sur-
rounding tissues. It is not usual for cutaneous erysipelas to
terminate in suppuration, but this may occur. After the red-
ness has begun to fade, the epidermis of the affected area
quickly desquamates. The symptoms of fever are always well
marked, but the amount of constitutional disturbance depends
greatly on the condition of the patient’s health.

In phlegmonous erysipelas the inflammation is not confined
to the true skin, but extends more deeply, and involves the
subcutaneous tissues, The redness of the skin is not so bright
as in the cutaneous form, but the swelling is greater. The
exudation contains much more of the fibrin-forming elements
of the blood, and as a consequence causes great induration and
brawny thickening; the inflammation is always very acute,
and exudation most rapid. On account of the rapidity with
which exudation takes place, the inflamed parts soon become
very tense and shiny, their vessels are compressed, and they
may *‘ slough » from interference with their nutrition. Almost
all cases of phlegmonous erysipelas result in suppuration, and
after a time the brawny thickening gives place to a softer and
boggy feel, which indicates the liquefaction of both inflamed
tissues and inflammatory products alike. At this stage the
epidermis frequently peels, and, especially when no treatment
is adopted, large areas of skin die, together with portions of the
subjacent areolar tissue. Il the erysipelas now subsides, the
dead tissue will be cast off as a slough, and an ulcerating surface
will be exposed. TIn bad cases the sloughing process involves
tendons, muscles and vessels, and may leave a limb which is
permanently damaged or useless. Constitutional symptoms are
much more marked in phlegmonous than in cutaneous erysipelas.
The temperature frequently rises to 105°, or higher, and delirium
is common. One of the most common complications is bron-
chitis with congestion of the lungs, or broncho-pneumonia.

Cellulitis differs but little from phlegmonous erysipelas. In
it, however, the stress of the inflammation falls primarily on the
cellular tissue, and secondarily on the skin. As a result of this,
redness is not so marked, and is usually preceded by swelling.
Inflammation of the lymphatic vessels and glands is ecommon,
and suppuration and sloughing oceur as in the cellulo-cutaneous
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form. In this, as in the preceding varicties of the discase,
septiceemia may oeccur.

If a patient dies of any of the varieties of erysipelas, a post-
mortem examination frequently reveals but little. The most
common morbid condition i1s great congestion and cedema of
the lungs, often combined with broncho-pneumonia and pus
in the smaller tubes. Occasionally pleuritic effusion is found,
and when the head has been the seat of the inflammation,
there may be diffuse meningitis. The abdominal viscera may
be congested, and the blood more fluid than natural.

Causes of erysipelas.—It is probable that extreme plethora
predisposes to erysipelas, and there can be little doubt that
some individuals are, without apparent cause, specially prone
to be attacked. The disease appears to be particularly liable
to oceur in the subjects of chronie nephritis, and in fatal
cases examined after death there is almost always found
catarrhal or interstitial inflammation of the kidnevs. The
accumulation of large numbers of suppurating wounds in a
building, and exposure to draughts of cold air, act as predis-
posing ecauses, whilst the retention of inflammatory products
in a wound is always fraught with danger of erysipelas.

Experiment has made it certain that specific micro-organisms
play the directly exciting part in the causation of this disease,
and the undoubted influence of such causes as have just been
mentioned in no way tends to disprove the influence of organ-
isms, for it is probable that the latter are only capable of causing
trouble when under circumstances that are favourable for
their growth and development.

It has been shown that in erysipelas the lymphaties of the
skin are filled with microcoeei (Streptococeus erysipelatos), and
the disease has been readily transmitted to other animals by
inoculation either of fluid containing these organisms, or else
of the micrococei themselves after many cultivations carried
on in different media. These experiments have been made on
man as well as on animals, and in almost every case typical
erysipelas followed inoculation. From the rapid extension of
the micrococei along the lymphatics, erysipelas has been called
“infective capillary lymphangitis.” The streptococcus of ery-
sipelas is identical with the Streptococeus pyogenes. It would
seem that the latter under certain conditions will produce a
mere suppuration or abscess: under others, erysipelas; and
under others, again, the severest forms of septicemia. Why






CHAPTER X
TETANUS

Teraxvs, or Lockjaw, is an infective disease of which the most
prominent feature is muscular spasm. The infecting agent,
Bacillus tetani, belongs to the group of strictly anaérobic bac-
teria: it is a slender rod forming round terminal spores, so
that in its sporing form it resembles a drumstick. The bacillus
has an inveterate habit of growing in symbiosis with other
anaérobes, so that, apart from the difficulties which attend the
cultivation of all anaérobes, it is a matter of extreme difficulty
to obtain it in pure eculture. Nearly all supposedly pure eultures
contain in addition small numbers of other anaérobie baeilli.

The property to which the tetanus bacillus owes its dangerous
powers is that of forming intensely potent soluble toxins, and
of these the chief is one acting upon the motor cells of the
central nervous system. All animals are not equally sensitive
to this toxin, but unfortunately man shares with the horse the
highest degree of susceptibility.

The tetanus bacillus appears normally to inhabit the intes-
tine of the horse and other amimals, and i1s sometimes present
also in human faces. Its spores are thus habitually present
in cultivated and manured soil, and it is this material, together
with street mud and dust, which constitutes the dangerous
source of human infeetion.  Inm order to produee tetanus, infected
soil requires to be implanted in the tissues, and the more deeply
it is implanted the more likely is the disease to arise. Tetanus
is thus essentially due to wound infection. In eivil practice
wounds of the hands and feet are the most likely to be infected
with earth, but compound fractures arising from street accidents
may give rise to tetanus. In war, tetanus has always been a
dangerous complication of wounds : the most notable exeeption
was the South Aflrican War, which took place in a barren and
uncultivated  eountry, where the soil was for the most part
uncontaminated with animal excreta.
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The mere presence of the tetanus baeillus, or its spores, in
healthy tissues does not give rise to the disease. The injection
of tetanus spores, washed free from toxin, into susceptible
animals, produces no effect unless the tissues are at the same
time injured. But if, with such spores, a pyogenic organism
such as Staphylocoecus aureus is introduced, or if a small dose
of gas-gangrene toxin is added, tetanus readily arises. Thus it
may be said that tetanus is not merely a wound infection but
essentially an infection of seplic wounds: the co-operation of
other microbes is necessary if the disease is to arise.

Tetanus is a purely local infection. The bacilli are scarcely
to be found beyond the area of the wound, and even here they

Fic. 8.—Tetanus Bacilli, most of which are sporing.
The spores are terminal, giving a characteristic ** drom-
stick " form. One or two free spores are seen.

are commonly scanty and difficult to demonstrate. The disease
is due to absorption of the toxin locally produced. All the
symptoms of fatal tetanus are readily brought about by injecting
into a susceptible animal the filtered toxin, free from living
germs.

Incubation period.—The interval elapsing between the
receipt of the wound and the appearance of tetanus is very
variable. It is almost invariably more than twenty-four hours,
and is most commonly from a week to ten days, though longer
periods are not unknown even in ecivil practice. During the
recent European War, when wounded soldiers for the most
part received temporary protection from the injection of anti-
toxic serum, much longer incubation periods were frequently
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observed, extending to many months or even a year. The
explanation of the incubation period is twofold. Even when
the conditions are most favourable a certain time is required
for the elaboration of the toxin and for its absorption and
fixation by the motor nerve-cells : indeed, an incubation period
of some twenty-four hours is the rule after an experimental
injection of the toxin itself. In the second place, implanted
tetanus spores may not at once grow and produce toxin : they
may, indeed, never do so, for tetanus bacilli have repeatedly
been cultivated from war wounds in patients who fail to develop
the disease. A wound may heal apparently soundly, and vet
after months tetanus may arise as a result of surgical inter-
ference, or mere exercise of the limb. Quiescent tetanus spores
seem especially liable to be harboured by bony sequestra.

The Path of Absorption of the Toxin

The physiological arrangements for the nutrition of the
central nervous system are of a peculiar kind. Complex food-
stuffs are not taken up by the nerve-cells from the capillaries
of the brain and cord, nor are they conveyved by the cerebro-
spinal fluid. Tetanus toxin is in the same position as a complex
foodstuff, and the central neurons are not attacked by it direct
from the blood-stream. They are wvulnerable only at their
peripheral expansions at the termination of the motor nerves,
and, since the work of Meyer and Ransom, it is generally
accepted that tetanus toxin is absorbed along the motor nerves
alone. The most obvious path of absorption is along the nerves
distributed in the area of the wound, and this is an important
route. But the toxin is also absorbed from the wound by the
lymph and blood stream, and thus comes to circulate generally
throughout the body, though it nevertheless still appears to
reach the central neurons only by the motor nerves, being taken
up by the motor end-plates in muscles remote from the wound.

The Symptoms of Tetanus

The elfect produced upon the motor neurons by tetanus
toxin is to increase their excitability and funectional activity.
In health the muscles are not quite relaxed when not in
action, and this normal muscular tone becomes greatly exag-
gerated in tetanus, so that some or perhaps all of the muscles
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pass into permanent tonic spasm which cannot be relaxed.
Further, the reflex response to sensory stimuli becomes similarly
exalted, so that even slight stimuli, even loud noises, may
produce yet more violent spasms of shorter duration.

Certain nervous centres are more susceptible than others,
and are earlier affected. Chief amongst these are those govern-
ing the muscles of the back of the neck, and those closing the
jaw. In acute general tetanus the first complaint is usually
of stiffness of the neck and jaw. Soon the mouth can hardly
be opened, and this symptom, known as trismus, is very char-
acteristic of unmodified tetanus, though it may oceur from
other reflex causes, such as irritation from a lower wisdom-
tooth. When trismus is complete the jaw is firmly elenched
and cannot be opened at all.  The stiffness of the neek extends
to the whole of the museles of the back and in a marked case
the back becomes arched : this condition is termed opisthotonus.
The belly museles likewise beeome rigid, and spasm of the
diaphragm may cause a feeling of constriction or girdle pain.
At the same time the deep reflexes are exaggerated, and there
is often an extensor plantar response. The limbs are affected
less early than the trunk, but may become involved, and if the
wound is in a limb that limb may be carly affected by spasm.
From time to time violent exacerbations of the spasm are liable
to occur, lasting perhaps half a minute : they usually depend
on some sensory stimulus and are very painful, much as eramp
is, while here the whole body is affected. The mind is elear,
but there is usnally some degree of fever, and indeed before
death hyperpyrexia has been known to oceur: in such cases
the temperature may continue to rise after death.

Most cases of acute general tetanus die: the mortality is
in the neighbourhood of 80 per eent., but there is a definite
relation between the length of the inecubation period and the
rate of mortality. The earlier the disease arises after the wound
the more certain is it to end fatally. If the ineubation period
is more than ten days the prospeet is somewhat better : some
cases of general tetanus are milder in degree and recover
spontancously.,

Death may be due to exhaustion or cardiace failure, but in
severe cases it may take place from spasm of the glottis or
respiratory museles during a paroxysm. Deglutition frequently
becomes impossible, and any attempt to swallow exeites violent
spasms, so that feeding becomes a matter of extreme difficulty :
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this may largely contribute to the fatal issue. When once the
nervous centres in the pons and medulla are severely affected
there is little hope of recovery, and in the worst eases of tetanus
this may soon happen; death in forty-cight or twentv-four
hours from onsct is not uncommon. :

Antitetanic Serum

The serum of horses which have been very highly immunised
against tetanus toxin was shown by Behring and Kitasato to
econtain an *‘ antitoxin” ecapable of neutralising the toxin
when mixed with it, and of protecting animals against an other-
wise fatal dose. Sera of immense potency can be produced :
in this country we express the potency in terms of United
States units. This ““ unit  is defined as ** ten times the least
quantity of antitetanic serum necessary to save the life of a
850-gramme guinea-pig for ninety-six hours against the official
test dose of a standard toxin furnished by the Hygienie
Laboratory of the Public Health and Marine Hospital Service.™
The test dose is 100 minimal lethal doses of a precipitated
toxin. Sera can readily bz prepared containing 1000 such units
per c.c.

Wide experience has been gained during the war in the use
of antitetanic serum, and the following facts may be regarded
as established. The prophylactic value of the serum is very
great when it is administered shortly after the infliction of a
wound : no very large dose is needed—>500 or 750 units is suflicient.
The protection conferred, being of the nature of passive im-
munity, does not last more than a few weeks, fading gradually :
it may be renewed by further injections. After the first two
or three months of the war tetanus antitoxin was administered
to nearly every wounded soldier, and with the establishment
of this practice acute general tetanus, which had supervened in
a large number of the wounded during the first month or two,
at once became relatively uncommon. This administration of
serum as a preventive measure did not, however, wholly stop
tetanus, beeause the protection soon fades, while tetanus bacilli
may persist in the wound. A very remarkable change was
nevertheless observed in the character of the discase when it
oceurred in those whose protection, though fading, was not
quite gone.
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Local Tetanus

It has been stated that different animals vary in their
susceptibility to tetanus toxin. If a suitable dose of the toxin,
sufficient to kill a susceptible animal, be injected into the hind
leg of a cat, all that happens is that the inoculated limb pre-
sently becomes, and remains, quite stiff and rigid. General
tetanus does not occur in this insusceptible animal with
any ordinary dose of toxin. Now a man who has received a
dose of antitoxic serum is for the time being in the position of
the cat as regards susceptibility to tetanus, and during the war
large numbers of wounded men have developed a form of the
disease limited, or almost limited, to the wounded limb, which
becomes rigid in tonic spasm.! More rarely the local spasms
are clonie.  There is no trismus, or other sign of general tetanus,
though the condition, which is a very chronie one, may gradually
pass into general tetanus as protection fades. The explanation
of local tetanus, which is a new disease and seen only in those
wounded men who have received a prophylactic dose of anti-
toxin, appears to be as follows. Toxin, as has been explained,
is absorbed both by the local motor nerves in relation with the
wound, and into the blood-stream, whence it 1s taken up by
the motor nerves generally. In the unprotected man the local
spasms due to local absorption from the wound are commonly
later in onset and less striking in degree than the general spasms
due to general absorption: the local affection is practically
masked by the severity of the general disease. But in the man
who has received a prophylactie injection, general absorption
is altogether prevented so long as any antitoxin is still circulat-
ing in the blood-stream, although absorption by the nerves about
the wound goes on much as before. The higher centres in the
pons and medulla, to the involvement of which a fatal result is
commonly due, are for the time completely shielded, and the
spasm becomes a purely loeal manifestation, with no mortality
at all unless the disease later becomes general.

Curative Treatment by Serum

Although the preventive action of antitoxin, given before
the signs of tetanus have appeared, is incontestable, the same
cannot be said of its curative power when once the disease is
established. This is beecause it is unable to dissociate the toxin

! A characteristic sign of local tetanus of the lower extremity is that on
tickling the sole of the foot the knee is forcibly extended at the knee joint.



CURATIVE TREATMENT 81

from the nerve-cells : when the toxin is fixed there is no means
of undoing the mischief. The life or death of the patient depends
on whether or not enough toxin has been thus fixed to kill him
at the time serum treatment commences. In acute general
tetanus of early onset it is unfortunately the rule that enough
toxin has been fixed to kill the patient, by the time symptoms
are well marked. Milder cases, on the other hand, may get
well without serum treatment. But there are cases inter-
mediate between these extremes in which there is reason for
the belief that prompt and energetic serum treatment may
turn the scale and save the patient’s life. If once the body
can be flooded with the antitoxin further absorption of toxin
can be prevented, and sinee one can seldom be sure that a fatal
dose is already fixed, it is always right to administer serum
without delay when general tetanus i1s recognised or even
suspected. And since every minute adds to the gravity of the
risk it should be given by the route which ensures the most
rapid entry into the blood-stream : by the intravenous route
if the danger of anaphylactie shock is not deemed too great;
or, more safely, by direct injection into the spinal theca. The
dose given should be large—20,000 to 30,000 U.S.A. units. In
local tetanus there is no occasion for heroie measures: it
suffices to maintain the existing general protection by oceasional
small subcutaneous doses of serum.



CHAPTER XI
GANGRENE

Tue term Gangrene is equivalent to death, but is generally applied
to death of large portions of the body. and not to that of small
picces of skin or cellular tissue. The death of these is spoken
of as taking place by the process of “* sloughing,” and the dead
portions of tissue are called ** sloughs.” In ulcers, as already
deseribed, death is ** molecular,” and the dead particles are
too small to be recognisable by the naked eye. Gangrene is
usually due to interference with the eirculation. If the supply
of arterial blood be alone arrested, the tissues will not only die,
but being deprived of all fluid, will rapidly shrivel and dry up.
In consequence of this, gangrene resulting from arterial obstrue-
tion is usually classified under the head of dry gangrene.

If the venous or capillary eirculation is also interfered with,
dead parts will retain fluid in varying amount, and, remaining
moist and succulent, are said to be in a condition of moist
gangrene,

In other cases the death of the parts is the result of the action
of some poisonous and usually septic matter introduced from
without, and hence gangrene from this cause is classified under
the head of septie gangrene.

In addition to these causes, gangrene may result from the
action of some chemical agent, such as strong nitrie or sulphuric
acid, or eaustie alkali.  In rare eases it has followed the prolonged
application to the skin of lint soaked in 1 in 20 earbolic lotion.

Dry Gangrene

Dry gangrene is caused, as we have already said, by stoppage
of the supply of arterial blood; it may be induced in various
ways. In perfectly healthy people with healthy vessels it may
be eaused by any injury to the main arterial trunks—e. g., sub-
eutaneous laceration, pressure by a fragment of a fractured bone,

82



DRY GANGRENE 83

the application of a ligature, ete., as well as by the lodgment of
an embolus in some vessel too small to admit of its transit. In
a very large number of patients who meet with such accidents
the collateral eireulation is quite suflicient to supply the peri-
pheral parts with blood, but in others, and especially when the
vessels are diseased or are plugged by secondary emboli detached
from the thrombus formed at the original seat of embolism, this
is not so, and gangrene results. The causation of gangrene
is further favoured by the fact that the embolus commonly
lodges at a bifurcation, and so oceludes two vessels, as well as by
the diseased state of the heart often present as the eause of the
embolism. In such cases the patient usually suffers at first from
severe pain of a burning character, pulsation ceases in the vessels
bhelow the seat of obstruction, and the limb becomes anmsthetie,
cold, and pale. The onset of the symptoms is sudden, the pul-
sation in the oceluded vessel can be felt to stop at the point of
obstruetion, and in this situation there is frequently some tender-
ness. In most cases the extent of the gangrene declares itself
within forty-eight hours, and after this time it ceases to spread.
If, however, the other vessels of the limb are diseased, the
gangrene is not so rapidly defined.

As the limb dies, the colour changes from a dead white to ¢
bluish tinge, and then, if left long enough, gradually assumes a
dull-red, greenish, or blackish hue. The skin shrinks into folds,
and the epidermis becomes dry and horny. Finally, the gan-
grenous part is completely mummified, and in this state may
easily be preserved for many vears after removal from the body.
Such complete mummification is rare, and usually certain parts
of the dead limb are succulent and decomposing.

The dryness and blackness of the gangrenous part are most
marked at the periphery, and where the dead skin joins the
living the former is of a dull-red colour, and comparatively
moist. If the gangrenous part be left in contact with the living
tissues, the latter soon show evidence of inflammation. A bright
red line appears at the junction of the living with the dead;
“exudation of inflammatory products proceeds with rapidity,
pus is formed, and uleeration commences.  In this way the dead
parts are separated from the living by what is commonly called
the “ line of demarecation.” This line, as will be seen, is the
result of a process of uleeration by which those living tissues
which are in contact with the dead parts are destroyed, and so
separated from the latter. The uleerative process, once it has

—
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begun, progresses so long as the dead part lies in contaet with,
and so produces irritation of, the living. In this way a gan-
grenous portion of a limb may be completely separated and cast
off, though such a result will necessarily occupy much time if
there is any bone involved. After separation has been com-
pleted, the granulating surface which is left will heal like any
other ulcer.

Senile gangrene is a variety of dry gangrene dependent upon
disease of the peripheral arteries. In old people the vessels are
frequently the seat of atheroma, or of primary caleareous
degeneration. As a result of either of these morbid conditions,
the arterial walls become very rough, rigid, and inelastie, and in
proportion as they become so altered they are incapacitated for
the proper performance of their functions as carriers of blood.
The peripheral parts are consequently not properly nourished
and in some cases the deficiency in the blood-stream is aggravated
by the clotting of the blood on the roughened vessel-wall, and
the occlusion of the artery by thrombosis. These changes are
most commonly met with in the arteries of the lower extremity,
and thus senile gangrene oceurs most frequently in the foot and
leg. In many patients with senile gangrene, the heart also is
fatty, and the general health feeble.

The limb of a person whose vessels are thus diseased is usually
cold, and is liable to become readily numbed from exposure, or if
subjected to compression of any kind; the arteries themselves
may be felt as hard, rigid, and tortuous cords. If a toe of this
ill-nourished limb be in any way injured, the slightest inflamma-
tion may produce an extensive stasis of the feeble blood-stream,
and may thus completely deprive the parts of their supply of
nourishment. Gangrene of the injured toe will now ensue, and
the tissue in contact with it becomes in its turn the seat of
inflammation, which again induces stasis and gangrene. The
fact is, that the vitality of the tissues is so low that they are
unable to withstand the slightest interference with their nutri-
tion, and the gangrene, having once started, will continue to
extend till its progress is arrested by meeting with some tissue
in which inflammation may progress to uleeration, and to separa-
tion of the living from the dead part by the formation of a * line
of demarcation.”

In some cases the gangrene is of the dry variety throughout,
but most frequently the inflammation which precedes it in its
course up the limb results in the exudation of a certain amount
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of fluid, and until this has been dried off, the dead tissues remain
moist. The gangrenous part is thus always most dry at its
periphery, where it has been longest dead.

In many cases, after a line of demarcation has commenced to
form, gangrene again begins to extend, an event which means
that the parts reached by the gangrene are not sufficiently well
nourished to withstand the eall made upon their vital resources
by the inflammatory proeess. Considering, therefore, that the
parts about any line of demarcation are, so to say, only just alive,
it is at once evident that any additional injury inflicted upon
them, such as the cutting of a flap for an amputation, will be the
cause of a further extension of the gangrene. The appearance
of the dead tissues and the mode of formation of the line of
demarcation differ in no material respect from the similar pro-
cesses already deseribed in dealing with the subject of gangrene
from embolism and from injury.

Patients who are the subjects of senile gangrene are usually in
a very feeble state of health, and in many cases the pain, want
of sleep, and absorption of septic produets from the decomposing
tissues cause a fatal termination before the gangrenous process
ceases. Death occasionally results from pulmonary embolism,

Diabetic gangrene.— Persons who are suffering from diabetes
are liable to be attacked by a form of gangrene which resembles
in many respects senile gangrene, although the dead parts do not
shrivel and dry as in the latter, but, on the contrary, are often
moist and decomposing. Diabetie gangrene is frequently started
by some trifling injury, and spreads rather quickly up the affected
limb. Its course is more rapid than is that of senile gangrene,
and it evinees very little tendeney to limit itself by the formation
of a line of demarcation. The sole of the foot is the commonest
place in which diabetic gangrene commences, and in some cases a
“ perforating uleer " is the beginning of the disease. These cases
must be clearly separated from another and rather numerous
class in which, after gangrene has commenced as a result of
disease in the vessels or from other cause, sugar begins to be
excreted with the urine. Here the patient has a transient gly-
cosuria, and the sugar in the urine is the result of the gangrenous
process, and is in no way associated with its cause.

Idiopathic symmetrical gangrene, or Raynaud’s disease, is
the term applied to certain cases of dry gangrene occurring
without any evident cause, and usually, but not always, affecting
parts symmetrically placed. ]
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The patients are generally young adults or children. The
parts affected are the fingers and toes, and more rarcly other
portions which are exposed, such as the ears and the nose.  Very
commonly there is a history that for some time previous to the
appearance of the gangrene, the extremities have been numbed
and cold, with enfeebled cireulation and a tendeney to the forma-
tion of chilblains. Death commences at the extreme periphery,
and extends upwards.  One or several digits may die, and more
rarely the gangrene extends to the whole hand or foot. In most
cases the dead parts are extremely dry and mummified. Prog-
nosis is good as far as life is concerned, The dead parts are
separated in the usual way, and surprisingly good stumps are
formed. The real cause of the gangrene is yet obscure. It is
probably of neurotic origin, and in some cases at least is the
result of peripheral neuritis. The view most generally held is
that which was put forward by Raynaud himself, namely, that
the condition depends upon arterial spasm excited by exposure
to cold through an unduly irritable vasomotor centre.

Gangrene from frost-bite.— arts which are frozen for a suffi-
cient length of time do not recover their vitality on the removal
of the cause. The result of exposure to extreme eold is a con-
traction of the arteries, which, if excessive and long continued,
deprives the peripheral structures of their blood-supply to such
an extent that they die and shrivel in exaetly the same way as
when a large vessel is occluded by a ligature or an embolus.  If
placed in a warmer atmosphere, blood eannot return to the frozen
tissues, for the vessels as well as their surroundings are gan-
arenous.  In such cases the dead part is shrivelled and mummi-
fied, and is in a condition of typical dry gangrene.

In other cases, where the deprivation of blood has not lasted
so long, it has been noticed that if the part is suddenly placed in
a warmer atmosphere, and blood is encouraged to return with
great rapidity and in large quantities, gangrene will ensue with
much greater certainty than if the frozen tissues are only slowly
restored to their natural temperature. In such cases the gan-
grene is of the moist variety, and is preceded by much exudation
and other signs of inflammation.

It is probable that the explanation of this variety of gangrene
from exposure to cold is to be found in the behaviour of vessels
which have been for some time deprived of their blood-stream.
It has been shown, in the chapter on Inflammation, that the
result of such deprivation is that, on the re-admission of blood,
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the phenomena of inflammation, with rapid exudation, imme-
diately ensue. The peripheral parts, already almost dead,
cannot survive any further interference, and accordingly die.
The moisture of the gangrenous tissues is the result of the exuda-
tion which has immediately preceded their death.
Trench-foot.—The war has afforded opportunity for the
study of a condition which in many respeets resembles gangrene
from frost-bite, though usually of lesser severity. It was a
common thing for troops to be on duty in trenches containing
ice-cold water, and this partial immersion sometimes lasted for
hours or even for davs. Under such conditions there was
liability to the development of the affection which came to
be known as ** trench-foot.” During the actual immersion the
feet became white and numb, the circulation being practically
brought to a standstill from the prolonged arterial constriction.
The subsequent effeets varied with the duration of the exposure
and the eirculatory vigour of the individual. In the slighter
cases the feet, on restoration of the blood-flow, were merely
painful and hypersesthetic for a time. More commonly con-
siderable swelling and cedema supervened, and often the feet
became red and hot, as well as painful, the condition being
analogous to a chilblain on a larger scale; temporary vaso-
motor paralysis, or at least overfilling of the damaged eapil-
laries, suffices to explain this stage of the affeetion, which
resembles that deseribed as occurring in the rabbit’s ear after
temporary ligation of its afferent artery (see p. 27). In the
more severe cases, not only was there marked cedema, but
the skin became raised into blisters from the intensity of the
exudation, while in many instances the damage inflicted had
been so great that the eirculation could not be wholly restored.
The phenomena of partial gangrene then became apparent :
one or more of the toes, or even the greater part of the foot,
became purple or black, and the dead parts were finally cast
off as in other forms of gangrene. The extent of the necrosis
could not always be judged by the area of discoloration, for
often only the superficial tissues were thus affected, the eir-
culation becoming restored in the deeper parts. It is note-
worthv that tetanus occurred in a certain number of cases of
this affection. The incidenee of trench-foot was notably
diminished by measures designed to keep the feet warm and
dry and to prevent constriction of the blood-vessels. Although
it is a condition little likely to be encountered in civil practice,
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this short account of trench-foot has been included here because
of the light it sheds on the pathology of gangrene from exposure
to cold.

Gangrene from ergotism.—A very brief mention of this
variety of dry gangrene is all that is necessary in the present
work. The effect of ergot-poisoning is a contraction of the small
arterioles, which, when long continued, may result in gangrene
of the peripheral parts. Itis very rarely met with in this country
where rye-bread is but little used as an article of diet.

Moist Gangrene

In moist gangrene, the dead part, instead of drying and
becoming mummified, remains moist and succulent. Unlike
the parts in dry gangrene, the dead tissues quickly decompose,
for moisture is a necessary factor in rapid decomposition, and is
here abundantly supplied.

Moist gangrene oceurs in its most typical form after injuries
of the main artery and vein of a limb, and may also result from
complete constriction, or from the extensive laceration and
crushing of a limb which often result from accidents of various
kinds. Being deprived of their arterial blood, the tissues perish,
and, the venous blood being retained and often widely extrava-
sated, the dead structures do not become mummified. The
gangrene is limited to the parts below the seat of the injury, the
skin becomes blue or livid in colour, and the epidermis, being
raised in bulle, subsequently peels, and exposes the deeper parts
of the skin. The whole limb becomes cold, pulseless, and swollen,
and, as decomposition advances, gases form and give rise to
emphysematous crackling. The deeper structures feel sodden
and cedematous, their elasticity is lost, and they retain the im-
print of a finger for some minutes. The living tissues above the
occluded vessels quickly inflame, uleerate, and form a line of de-
mareation, but on account of the decomposition and the rapidity
with which the gangrene spreads, the absorption of septic material
and a fatal termination are much more frequent in cases of
moist than of dry gangrene.

Gangrene from acute inflammation.—In many cases of injury
the deeper parts are extensively torn, although but a slight skin-
wound has been inflicted. The result of this is that, if acute
inflammation supervenes, the inflammatory products are
retained, and by their presence interfere with the circulation in
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the injured limb. The more rapid the inflammatory exudation,
and the more tense the structures beneath which the effusion
occurs, the greater is the interference with the circulation, and
the greater is the probability that death of the inflamed structures
will ensue. The gangrene in such cases is necessarily of the
moist variety, and although it occurs most frequently after
injuries such as have been mentioned, it may occur in connection
with acute inflammation and extreme tension excited by any
cause—e, g. phlegmonous erysipelas. It is evident that if exit
be given to the pent-up fluid by free incisions the cause of the
gangrene will be removed.

Septic Gangrene

Phagedana and hospital gangrene.—The term Phagedana is
applied to a very rapidly extending and destructive form of
uleeration, which is now most commonly seen in connection with
venereal sores.  Hospital gangrene, or ** sloughing phagedaxena,”
is so closely allied to phagedena itself that the two diseases fade
into one another; but, as the alternative name for hospital
gangrene suggests, there is, in addition to rapidly extending
uleeration or molecular death, more or less sloughing and death
of the tissues en masse. This form of gangrene, though formerly
of common occurrence in crowded hospitals, is now but rarely
seenn.

Both hospital gangrene and phaged®na occur independently
of interference with the blood-stream, and each is the result of
the action of some specific virus which gains aceess to a wounded
surface. Both forms of disease are contagious, but hospital
gangrene much more so than simple phagedena,

A phagedznic uleer has the following appearance : The shape
is irregular and ragged: the base is greyish and often sloughy,
or covered with a diphtheritic-like membrane ; the discharge is
scanty and thin; the edges are sharply cut, and show no sign of
healing ; the skin immediately around is of a dull red hue. The
uleer is liable to extend indefinitely, but does not often advance
to the destruction of such a large amount of tissue as is common
in the case of hospital gangrene. The specific poison which is
the cause, and the uleerated surface which has been inoculated
with it, must be destroyed before a healthy action can be expected.
Formerly, strong causties were the only remedies employed, but
of late years it has been shown that, in the phagedena which
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affects venereal sores, at any rate, long-continued soaking in
warm water produces all the beneficial effects of the eaustie
treatment.

Noma vulvee.—This is a form of phagedena which affeets
the external genitals of young children, and is usually seen
in connection with dirt and ill-health. It not uncommonly
follows one of the specifie fevers, especially measles. The
appearance of the uleer does not differ materially from that
deseribed above as typical of phagedana. The general health
is often seriously affected, and death not uncommonly results.

Cancrum oris.— This is a form of uleeration with sloughing
almost peculiar to childhood, and is usually met with before the
age of five. Tt is especially apt to occur during the debility
following attacks of the specifie fevers—such as measles. The
uleeration commences in the cheek or gums, and more rarely
in the sockets of the teeth. In bad ecases large portions of the
cheek may be completely destroyed, and, the uleeration extend-
ing to the jaws, necrosis of the bones and destruction of the
teecth ensues. The disease is very frequently fatal, and septic
broncho-pneumonia or septiceemia may complicate it.  Cancrum
oris is probably the result of the action of bacterial poisons, and
the object of treatment is to destroy the contaminated tissues.
This is usually done by the aid of strong caustics.

It will be noted that all these forms of gangrene tend to oceur
in conditions of debility, in which the tissues are unable to with-
stand the inroads of micro-organisms which, in health, they
easily defy. There is nothing to show that there is any one
specifie infecting agent : this may or may not be the case, but
the essential cause is here the predisposing one—lowered tissue
resistance,

Gas-Gangrene

Gas-gangrene i1s a name which has taken the place of the
names *° Septic Gangrene,” ** Spreading Gangrene,” and ** Acute
Traumatie Gangrene.” This very dangerous wound affection
has come into great prominence during the war on aceount
of its prevalence in France and Belgium, and of the very high
mortality which it caused. It has been studied by many
observers, and much has been learnt of its morbid anatomy and
bacteriology.

The special bacteria concerned with gas-gangrene are three :
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they grow chiefly on dead or partially devitalised tissue,
and especially on dead muscles; they are all * anaérobes.”

1. Bacillus Welchii, or B. aérogenes capsulatus.

2. Vibrion Septique — probably identical with Koch’s
Bacillus of malignant edema.

3. Bacillus cedematiens.

Their relative frequency in wounds in France was approxi-
mately :—

B. Welchii 70 per cent.

V. Septigue 16 per cent.

B. eedematiens 14 per cent.

They all produce toxins having the following characteristics :
(a) They are unstable to heat, and are destroyed by exposure
to 707 C. for from 30 to 60 minutes; (b) their activity is dimin-
ished by filtration; (¢) they are rapidly destroyved by acids.

Experiments show that the most fatal to life of the three
toxins is that produced by B. wdematiens. The toxin of B.
Welehii is hamolytic and causes both a serous wdema and a
definite neerosis of musele.  This toxin is also strongly anti-
phagoeytic and all the three toxins examined appear to inhibit
the leucoeytosis which usually follows injection of the toxins
of the common pyvogenie bacteria, and which is inimical to their
activities and consequently protective to the infected animal.

Polyvalent protective sera have been made, and are experi-
mentally of value. They are probably also of use clinically,
but in order to be effective it is necessary that they should be
administered very soon after infection.

The growth of the anaérobes which cause gas-gangrene was
found experimentally to be greatly favoured by the presence
of other pvogenic organisms such as h@molytie streptococei,
and this eonclusion was borne out by clinical experience. All
the anaérobes of gas-gangrene cause the production of gas in
considerable gquantities, but the B, Welchii seems to be the most
prolific in gas formation.

In eivil life gas-gangrene is not at all common, and, con-
sidering that the pathogenic organisms coneerned are to be
found in all soil which is highly manured with animal dung, this
infrequeney is difficult to explain.  In the few cases in which it
does oceur the wound is generally one which has been contamin-
ated by mud and which exposes torn muscle and is complicated
by a compound fracture.

During the war gas-gangrene was most prevalent in cold
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and wet weather, and was more likely to occur in wounds con-
taminated with mud than in those exposed to sun and dust.
It was especially common when wounded men had got thoroughly
chilled and wet through lying out many hours after being hit.

Wounds which eaused injury to large museles, and which
were extensive and lacerated, were most often attacked, and
the cutting off of the blood-supply of the injured musecles by
the severance of an important artery was particularly liable
to be followed by infection. Interference with the eireulation
bv the application of a tourniquet or of a very tight bandage,
was also a contributory cause, and so also was the extreme
tension in a limb which is liable to follow h&morrhage into the
tissues from a wounded and deeply-placed vessel such as one
of the tibial arteries. Collections of blood and blood-clot were
also very liable to become infeeted, and so were retained dis-
charges. Evidence of infection of a wound might be seen within
five or six hours, but much more frequently it did not show
itself until after the lapse of twelve or twenty-four hours, and
in a few cases the infection lay dormant for several or many
days. Early infection was the rule, however, and the cases of
very rapid onsct were also the most serious. All the evidence
tended to show that gas-gangrene was favoured by the exhaus-
tion and the lowering of the vitality of the patient, and still more
by the eutting off of the circulation of an injured part. It was
specially liable to oecur when museles had been erushed and killed
by the projectile, and when the dead musecle was grossly infected
by a foreign body, such as a piece of muddy eloth.

Clinical Conditions

Gas-gangrene oceurs in various forms.

1. In its simplest form there is very little constitutional
disturbance, and the infection is localised to the wound area.
Here small bubbles of gas are to be seen in a blood-stained dis-
charge, and more bubbles can be produced by slight pressure
around the wound. The latter has a characteristic odour, very
much like that of a freshly manured field. The neighbouring
skin is not discoloured and the limb is not swollen. If at this
stage the wound is surgically treated and the damaged and
infected tissue is cut away, the process is usually arrested. If
this is not done the infection generally spreads and the patient
shows evidence of tox®mia.
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2. A group of muscles may be involved, such as the peronei ;
or a single large muscle, such as the soleus or the triceps humeri,
may be affected. In some of these cases the severance of the
chief arteries of the musecle has been the predisposing cause,
while in others the muscle has been badly smashed by a pro-
jectile, or torn by fractured bone. In these cases, as in the first
class, there are the characteristic odour and the gas-bubbles,
but there are also other evidences. The skin over the affected
muscles is generally discoloured, and may be either merely dusky
or else purple and mottled. Sometimes there is a peculiar
* bronzing 7’ of the skin over a large area, and at a later stage
the purple mottling may change to a greenish-yellow. The
affected limb soon begins to swell, and light pressure with the
hand will elicit a erackling or crepitating feel, due to gas in the
subcutaneous cellular tissue, and closely simulating the crepita-
tion of a lung when pressed by the hand on the post-mortem
table. This gas may at first be limited to the neighbourhood
of the wound, but soon extends over all the limb in every
direction, and causes very rapid swelling. Such a limb is
definitely resonant or tympanitic on percussion, for the gas
escapes from the muscle sheath along the vessels which pene-
trate the latter, and often spreads far more rapidly than does
the gangrene. It must therefore not be considered that the
extent of the infection can be estimated by the distribution of
the crepitation caused by the gas, and this is especially true
if the skin wound is small so that the gas cannot easily escape.

The affected muscle supplies a copious foul-smelling discharge
which is sometimes yellowish, but more often a dirty red. The
muscle itself, if it is exposed in the wound, is dry on the surface
and brown or black in colour. If eut it does not bleed, and if
pinched with forceps or pricked it does not contract, and this is
good evidence that it is already dead. It soon becomes so soft
and diffluent that during an operation it can be wiped away
with a gauze swab. Observation has shown that the affected
muscle passes rapidly through the following stages: loss of
contractility ; a dirty red or brick-red colour; a greenish colour
passing on to brown or black.

3. In most cases the original injury is not limited to a single
group of musecles, for a missile may pass right across the limb
and may involve its muscles on both sides. In such a ecase the
gangrene also is prone to extend, and will involve the whole thick-
ness of the limb if not checked by surgical treatment. Ilere
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also injury to the main vessels, such as to the tibial arteries
in the case of compound fractures of the leg, is a most important
predisposing cause to the gangrene.

In cases such as this the gangrene spreads so rapidly that
the whole limb below the seat of injury quickly dies and the
swelling due to gas rapidly extends so that the affected member
becomes very greatly enlarged. The foot or hand, as the case
may be, 1s often very painful at first, but later on it becomes
quite cold and numbed. The skin of the limb may either be
a dead white at a distance from the wound, or may share in
the gangrene, and will then show the colour-changes already
described as the gangrene spreads. But it must be remembered
that the colour-changes in the skin do not aceurately follow the
extension of the gangrene. They may either precede it or
follow it, and are no sure guide as to the amount of the limb
involved.

4. In some cases the onset is so sudden, and the extent of
limb which is rapidly involved is so great, that the case is
deseribed as *° fulminating,” and the death of the whole limb
1s described as ** massive 7 gas-gangrene.

Some of these cases owe their characteristics to an
injury combined with laceration of the main artery of a limb,
such as the femoral or the axillary. In others there is no such
evident cause, and it is probable that in such cases there is an
unusually virulent organism present, or else a very massive
infection has oceurred. It is probable that the Fibrion septique
has more local virulence than the more common B. Welchii,
but both of these are often present in the same wound.

In a case of massive gangrene the whole limb may die within
a few hours, after it has swollen up with great rapidity, and in
all such cases the patient is in imminent danger of losing his life.

The Condition of the Patient

This will vary both with the nature of the infeetion and the
extent of the gangrene. In slight cases of merely loeal infection
there is not necessarily any constitutional disturbance, but in
cases of serious gas-gangrene the patient quickly becomes
dangerously ill unless the gangrenous tissue is removed by
operation,

The onset of gas-gangrene and the development of urgent
symptoms are sometimes appallingly rapid, and a patient who has
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not appeared to be seriously ill may in the course of a few hours
pass into a very dangerous condition. In other cases the onset
is more gradual, but even then the course of the illness is to be
measured by hours rather than by days.

In a typical case the face is very pale or else dusky, the checks
and eyes are hollow and sunken, and there is often a cold per-
spiration. The breathing is shallow and rapid. The feet and
hands are generally cold and elammy. The pulse is small and
rapid, blood-pressure is low, and in many bad cases the pulse
at the wrists is imperceptible. Vomiting is present in all bad
cases and may be very frequent. Urine is seanty. The lips
and tongue are dry and the latter is generally furred. In the
most serious cases the patient very quickly passes into a con-
dition indistinguishable from that of severe ** shock,” with a
fall of temperature as low as 95° F. or less, an imperceptible
pulse and rapid shallow respiration. Ewen in such patients
the mind is often quite clear, and the patient does not feel himself
to be at all as ill as he really is, while in other cases there is a
more profound toxmmia and unconsciousness.

In many patients in such eonditions the bacteria which have
caused the illness are found in the circulating blood in large
numbers, but in the majority of less severe cases the blood is
not infected.

Gas-gangrene is more commonly seen on the limbs than on
the trunk, but in the war it was very common in shell wounds
of the gluteal museles or of the shoulder. It was not common
in the peritoneum, but often occurred in retroperitonial collee-
tions of blood. It was comparatively rare in the lung itself,
and never caused pulmonary gangrene en masse, but it was
liable to infect a pleural effusion, especially if the latter con-
tained other bacteria. The solid viscera when wounded were
as a rule resistant to the infection, but gas-gangrene occurred
in some of the cerebral injuries.

It should be added that in some cases there 1s a more ehronie
systemie infection, with the formation of metastatic abscesses.
These are most commonly found at the sites of pressure such as
the buttocks or the shoulders, but are especially common on
the former. These manifestations are rare.

If a post-mortem examination is made of a case of gas-
gangrene where much of a limb has been involved, it will be at
once noticed that the affected limb is enormously swollen, and
that both the gangrene and the gas in the subeutanecous tissues






CHAPTER XII
SHOCK

Sunock is a condition which is characterised by a lowering
of the body temperature and a fall of blood-pressure, combined
with general depression of all the vital functions. Both eliniecal
observation during the late war and the evidence of experiments
have thrown much light on the explanation of this condition,
and all previous theories of the pathology of shock have been
either modified or abandoned.

It is now established that there is always an actual diminution
of the amount of blood in eirculation, and it is recognised that
the condition known as ‘* shock’ may be produced by excessive
loss of blood as well as by other factors.

The usual cause is an injury, and in the war it was especially
produced by multiple wounds, extensive laceration of large
muscles, the avulsion of a limb, or extensive visceral lesions.
It was often greatly aggravated by transit over rough roads,
and by the uncontrolled movements of badly fractured and
unsplinted limbs. It was predisposed to by exhaustion due
to want of sleep, over-exertion, mental strain, and insufficient
food or water, while it was greatly exaggerated by severe pain,
and still more by long exposure to cold and wet. The clinical
evidences are a small, very rapid, or else imperceptible pulse,
a cold elammy skin, excessive pallor of the face, or sometimes
cyanosis; a greatly lowered body temperature, which is often
below 95° F., and a very low blood pressure. In all bad cases
vomiting is a common symptom and may be very severe and
uncontrollable. The administration of either ether or chloroform
causes a dangerous increase of shock, and so also does rough
handling of the injured part, or the performance of an operation.
The mental functions may be unimpaired, while in other cases
the patient may be unconscious.

Examination of the blood shows a diminution of its alkalinity
in all severe cases. If there has been great loss of blood by
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ha@morrhage the blood will be found to be diluted, as the result
of absorption of fluid from the tissues, so long as the patient’s
vitality is not so depressed that he cannot thus reabsorb fluid
into the ecirculation. If theré has been no severe hemorrhage
the blood will, on the other hand, be concentrated.

Hemoglobin is diminished in proportion to the severity
of the heemorrhage and may fall to as low as 60 per cent. of
the normal in severe shock without death necessarily ensuing.
If the total blood-volume does not fall below 75 per cent. of
the normal, and if the systolic blood-pressure is above 95 mm.
Hg., early recovery may be expected. Few patients recover
if the total blood-volume falls below 60 per cent. of the normal,
and the systolic blood-pressure is helow 55 or 60 mm. Hg. No
one with these conditions will survive unless active measures
are adopted very quickly.

There is abundant clinical evidence that in the great miajority
of eases the relief of pain, the removal of the patient from danger,
a sound sleep, and, above all, the external application of warmth
by hot air, hot bottles and warm clothing, are sufficient to restore
the failing circulation. 1If the patient is not sick, and in pro-
portion as he has been deprived of suflicient liquid, the drinking
of warm fluids is a very powerful aid to recovery. In many
patients who vomit, fluid is readily absorbed if given per rectum.

In the worst cases, and especially when there has been
great loss of blood, the infusion of blood from a suitable
donor is the most successful method. The results of this
infusion are often quite satisfactory, but by no means always;
and although the blood-volume and the blood-pressure may be
temporarily raised by the addition of one or two pints of
fluid they are liable in bad cases to fall again within an
hour, or even less. It has been proved that if normal saline
solution is infused it is only retained in the ecirculation for a
very short time. The use of a six per cent. solution of gum
arabie in normal saline solution has been advocated by Professor
Bayliss on the ground that it is of the same viscosity as blood,
and there is no doubt that it is retained longer than normal
saline solution. But in the most serious cases of shoek, neither
gum solution nor blood is retained long in the circulation, and
with a rapidly falling blood-pressure the patient dies.

It is very probable that the explanation of these fatal cases
is that the condition of shock has gone on for too long a time
before the patient has come under treatment, and that such
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changes have taken place in the walls of the capillaries that
the eireculation cannot be restored.

A complete explanation of all the conditions met with in
shock is not yet possible, but it is not difficult to understand
the cases in which excessive loss of blood is the main cause.
Here the fall of blood-pressure and the absence of the pulse
are the direct result of insufficient fluid in the vessels; the loss
of heat is due to insufficient oxygenation of all the tissues;
and the anmwmia of all the organs results in a lowering of the
vital powers. The consequent impaired nutrition of the eentral
nervous system brings about the death of the patient. When
there has not been much bleeding it is more difficult to account
for the actual diminution of the amount of blood in cireulation.
Formerly, this was theoretically supposed to be due to the
dilatation of the veins in the splanchnic area and the stagnation
of the blood in them, but it is now certain that no such dilatation
and stagnation take place at all. If, then, the blood is not in
the arteries or veins it must necessarily be in the capillaries, or
else its serum must have escaped from the blood-vessels alto-
gether; and it is probable that in severe shock both of these
things happen, and that there is an increased permeability of
the endothelial lining of the capillaries as well as a dilatation
of them, and an accumulation of the blood in the capillary
area.

It is this stagnation or slowing of flow in the capillaries that
causes the increased alkalinity already mentioned. It appears
probable that in cases of severe shock the continuance for a
long period of the very feeble circulation results in such a pro-
found anoxsemia, or want of oxygen, of the cells of the various
parts of the body, that they are incapable of recovery by the
employment of methods which might have saved life if they
could have been applied earlier, and that the depression of
vitality due to the combined effects of mental shock and pain,
loss of blood, exposure to cold, want of food and water, exhaus-
tion, ete., are enough to initiate changes in the ecirculatory
apparatus which if not relieved soon will be sufficient to cause
death. It has also been shown that in patients dying of shock,
the brain matter, and especially the Nissl granules, shows
destructive lesions. '

Another and quite different cause of symptoms which may
be clinically indistinguishable from those of shock, must now
be mentioned, namely, the absorption of toxic products. It was
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found early in the war that some patients who showed all
the worst conditions of shock were really suffering from toxsemia,
due to acute gas-gangrene, and it was realised that their elinical
condition was in many cases not distinguishable from that of
shoek.

At a later stage Dr. Dale showed that in eats a condition of
shock could be indueced by the injection of ** histamine,” and
many surgeons also noticed that the removal of erushed and
torn muscle or the amputation of a smashed limb was often
followed by the immediate improvement of a patient suffering
from shock. In some of these cases it was also shown that the
injured limb was not the seat of septic infection, and it was there-
fore concluded that produets of a toxie nature had been formed
in the smashed muscles themselves, and had caused the symp-
toms of shock through being absorbed. It may therefore be
concluded that in some of the eases of apparent shock the
patients are really suffering from toxic absorption, but this
does not by any means imply that all cases of shock are to be
explained in this way, for it is quite certain that if this were the
case the restoration of the great majority of cases by simple
measures and without operation would not be so common as
it actually is, and it is evident that the immediate shock induced
by extensive burns or by rough handling of intestines during
an operation, or by a high amputation of the thigh cannot be
explained by toxsmia.



CHAPTER XIII
BOIL, CARBUNCLE, AND MALIGNANT PUSTULE

Boil.

A BoiL is a circumseribed inflammation of the skin and sub-
cutaneous tissue, originating in the hair-follicles or sweat glands,
and resulting in the death of the more central parts, with the °
formation of a slough. This sloughing is accompanied by sup-
puration of the parts immediately around the dead tissue, and by
the formation of a pustule which, opening on the surface, permits
the discharge of the central slough or core.

Boils are the result of a local infection by staphylococei and
are predisposed to by some disordered state of the constitution,
such as may be induced either by excessive feeding or by an
insufficient amount of nourishment; sudden changes of diet
appear to be a common cause. It has been shown by experi-
ments on man, that if cultures of Staphyloeoceus pyogenes
(aureus or albus) are vigorously rubbed into the unbroken cutiele,
after a short time a crop of boils or furuncles, accompanied by
a more or less severe inflammation, will result, the extent of
which waries, within certain limits, with the constitutional
condition of the individual experimented upon.

Boils are more frequent in men than in women, and are
usually situated on the posterior surface of the body because
this is more subjeet to friction; the back of the neck and of
the shoulders, and the gluteal regions, are their most common
sites. Any local irritation may determine the situation of a
boil in a person whose general health is in a condition favourable
for its development.

Carbuncle.

A carbuncle is a specific localised inflammation of the skin
and cellular tissue. It is characterised by considerable exudation
into the inflamed area, with sloughing of the tissues involved,
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and formation of numerous pustules. The sloughs are separated
from the surrounding parts by suppuration, and, when loosened
by this process, are cast off. A carbuncle differs from a boil
in the following points : It is usually single, is much more raised
from the surface, and of much greater size. It frequently
implicates the deep fascia, and discharges pus through numerous
apertures.

Carbuncle is predisposed to by a condition either of plethora
or debility, and not infrequently complicates diabetes. The
patients in whom it occurs are usually men over middle age.
Its most common sites are the nape of the neck and the shoulders.
It more frequently produces a fatal termination than does a
boil, and death may result either from general asthenia or from
absorption of septic material or actual pyemia. The usual
infecting agent in carbuncle seems to be the same as in the
case of boils—namely, the Staphylocoecus pyogenes aureus.

Malignant facial earbuncle occurs, as its name implies, on the
face. It aflects people of all ages, but most frequently voung
adults, and is of decidedly rare occurrence.

Its most common site is the 'Iip1 where 1t commences as a
pimple and thence extends to the cheek. Its structure is the
same as that of carbunele in other situations, but it is oecasion-
ally associated with a widespread thrombosis and suppurative
phlebitis of the facial and ophthalmie veins, and with a general
cellulitis of the face and orbits. In consequence, the whole
face becomes greatly swollen, of a dusky red or purple colour,
and the eyeballs may protrude. The frequent termination of a
facial carbuncle is death, and this 1s most commonly due to
pyemia. It is probable that in former years some cases at
least of *‘ malignant pustule” have been mistaken for facial
carbuncle. The most important organism found in this form
of carbuncle is the Streptococcus pyogenes, and the relation
between erysipelas and malignant facial carbuncle is a very
close one. When py@mia or septiceemia supervenes, the strepto-
coccus can generally be obtained from the blood by means of
artificial cultivation.

rd

Malignant Pustule, Charbon, or Anthrax.

Certain herbivorous animals—namely, cattle, sheep and
horses—are liable to suffer from a disease which is known as
*splenic fever,” and is caused by the presence of a micro-
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organism called the ** Bacillus anthracis.”” The bacilli are found
in the blood and the viscera of the animal after death, and occur
as short or long rods and filaments. In dried and stained speci-
mens the extremities appear concave and hollowed out, so that
a chain of them somewhat resembles a bamboo rod with its
nodes. In the animal body the bacillus commonly possesses a
well-marked capsule, but spores are never formed, though when
grown in artificial media they readily appear under favourable
conditions. In broth the bacilli develop into filaments con-
taining highly refractive central endospores, which give the

Fia. 9.—Anthrax Bacilli in Blood.

filaments a beaded appearance. The spores are very difficult
to kill, resisting the temperature of boiling water for several
minutes. Mice, rabbits and guinea-pigs are highly susceptible
to the infection, and the minutest quantity of a virulent culture
or a drop of blood from a diseased animal, inoculated subcutane-
ously, will cause a fatal anthrax septicemia without fail, the
animal often dying within twenty-four hours. Cattle and
horses are also easily infected, and epidemics in herds are not
at all uncommon in certain countries and districts. Pigeons,
hens and rats are almost completely refractory, but their resist-
ance may be broken down in many ways, amongst which may
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be mentioned hunger, fatigue, cold, unsuitable feeding, and
enforced thirst. Man also is fairly resistant, and generally
suffers from a loecal affection only, the *° malignant pustule.”
After death, inoculated or infected animals show the presence
of bacilli in all capillaries, especially in those of the liver, spleen,
kidneys, and lungs, so that a diagnosis is readily made by means
of coverglass-films of the splenie blood stained with methylene
blue. (See Figs. 4 and 9.)

The mode of infection of diseased animals is yet doubtful ; it
is probable that the organisms can enter either by the alimen-
tary tract or else through wounds on the surface caused by bites
of insects, etc. Splenic fever is especially common in Northern
Asia, Persia and South America.

Malignant pustule is a disease produeed in man by inocula-
tion with the Bacillus anthracis, and is generally due to con-
tamination of some slight excoriation by contact with the hides,
wool or hair of diseased animals. It is consequently most
commonly seen on the face, neck, or hands of wool-sorters,
workers in horsehair, tanners, and others who are in the habit
of handling portions of infected animals. The term * malignant
pustule,” though in common use, is a misnomer, for the vesicles
always contain a clear serum, never pus.

Malignant pustule commences as a small, red, irritable pimple.
After twelve to twenty hours a vesicle forms and bursts, exposing
the deeper layers of the skin.  Around this central spot a ring of
vesicles now forms, and the contiguous skin quickly assumes a
dull-red hue, The central spot dries and becomes black and
shrivelled, the tissues outside the ring of vesicles swell, and
become indurated and brawny, the vesicles burst and expose
more black and shrivelled skin, and the central slough thus
mereases in size, whilst fresh crops of vesicles are produeed,
with extensive surrounding wdema. The neighbouring lym-
phatic glands are often swollen. Symptoms of constitutional
affection are severe, and death is a common result if the
local pustule be not excised; on post-mortem examination,
the tissues present appearances such as are found in cases of
septiceemia. Occasionally spontaneous recovery oceurs. An
examination of the fluid in the vesicles will usually reveal the
presence of the pathogenic bacilli, and the latter have also been
met with in the sputum, urine, sweat, and blood. It is to be
noted that there are two stages in the course of a malignant
pustule in man—that in which the disease is local and that in
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which invasion of the blood by the anthrax bacilli has occurred.
The first is the stage for effective surgical treatment; in the
second stage the prognosis is very grave.

The most typical points about a malignant pustule are the
central dry slough, the ring of vesicles, the raised, brawny
induration, the absence of severe pain, and the total absence
of suppuration.

Ocecasionally, however, all these conditions may be found in
the absence of anthrax bacilli, and may even be so closely simu-
lated by a vaccinia pustule which has become inflamed, that
without bacteriological examination the diagnosis eannot be at
once established.

Another form of anthrax in man is known as wool-sorter’s
disease ; infection is in this ease by the lungs.

Selavo’s serum.—Sclavo, of Turin, has produced a serum
obtained by inoculation of the ass with anthrax bacilli, with
which successful results have been obtained in the treatment of
human anthrax. The serum is bactericidal, leading to a rapid
disappearance of the bacilli. It apparently obviates the need
for loeal excision, an advantage of no slight moment when the
lesion is on the face.



CHAPTER XIV
GLANDERS, ACTINOMYCOSIS, AND LEPROSY

Glanders.

GrLANDERS Is a contagious disease to which horses and asses are
subject, which may be communicated to man, and is probably
conveyed by means of the secretions of the nostrils. The
disease was proved by Liffler and Schiitz to be caused by a
specific bacillus—the Bacillus mallei. Farey is simply glanders
in a more chronic form.

The lesions of glanders in man are of wide distribution, and
occur in the skin, mucous membranes of the nose and pharynx,
and the viscera. In the skin the disease is characterised by the
development of vesicular, papular, nodular, and pustular erup-
tions, resembling those of pemphigus and variola, and followed
by the formation of irregular and spreading uleers. In addition
to these, nodular masses of various sizes form in the skin and
subcutaneous tissues, and when large and chronie are known
by the name of ** farey buds.” They are composed of granula-
tion tissue, and after a short time burst, discharge pus, and
cause the formation of deep uleers. In connection with the skin
eruption and the farcy buds there i1s an inflammation of the
lymphatie vessels and glands, and subsequently the development
of buboes,

The mucous membranes of the nose, frontal sinuses, throat,
tonsils, and pharynx, become very swollen and red, and are soon
covered by numerous small nodules the size of a pea; these
break down and form uleers, which rapidly extend. In this
way the whole of the mucous surfaces in question may become
the seat of a most foul and almost gangrenous ulceration.

After death, nodules in various stages of breaking down and
suppuration may be found in the viscera, and are of most
common ocecurrence in the lungs. Glanders is a disease which
is commonly fatal, but the duration of life varies much in
individual cases, some patients surviving three or four weeks,
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whilst others succumb in as many days. The disease may
assume the form of a chronic pymmia. A very few patients
recover.

The baeilli are found in all the nodules or uleers, from which
they may be readily cultivated on artificial media, especially on
blood serum or potato, at the temperature of the body. On
potato their growth is characteristic, appearing as a yellow or

.a'-' o :

Fic. 10.—Portion of ulcerated mucons membrane from the
nose of a glandered horse. The small circular ulcers at the
udgu of the diseaged membrane are well shown.

brownish film. The bacilli are a little longer and thicker than
tubercle bacilli, and stain with some difficulty with ordinary
aniline dyes. They do not form spores, but may resist drying
for several weeks. Glanders may be reproduced in susceptible
animals, such as guinea-pigs and field-mice, by means of arti-
ficial inoculations. Intraperitoneal inoculation of male guinea-
pigs leads to a rapid and characteristic inflammation of the
tunica vaginalis testis (Straus’ reaction). A filtered culture of
the bacillus constitutes the substance known as mallein which,
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when injected in a suitable dose into diseased horses or asses,
usually produces a marked febrile reaction, whereas in the
healthy animal this is not the case. The mallein test is widely
used in veterinary practice for the diagnosis of glanders,

Actinomycosis.

Actinomycosis is the name given to the diseased eondition
which follows the introduction into the body of a fungus named
the Actinomyces, which belongs to the genus Streptothriz.  This
parasite, whose true botanical position 1s probably between the
Bacteria and the lower mycelial fungi, occurs as minute, yellowish

Fig. 11.—The Actinomyces Fungus. The left-hand figure shows the bovine
type, with its peripheral clubs. The right-hand figure shows the mycelial
network seen in sections of human actinomycosis,

green, brown, or white granules, about half the size of a mustard-
seed. :

On slight pressure the granules break up into their component
elements. Several pathogenie varieties of the genus Strepto-
thrix are now known, notably the fungus of mycetoma or Madura
disease, to which allusion will be made later. The granules
consist, in typical instances, of a central myeelium of closely
interwoven filaments and a fringe of hyaline or refractive rays.
These filaments are fine and delicate, and in most cases disappear
into the characteristic swollen and bulbous or club-shaped rays,
which are highly refractive, and stain like hyaline matter with
eosine, while the mycelial filaments take up the ordinary bacterial
dyes. It must be remembered that the important part of the
actinomyees, as of all forms of streptothrix, is a filamentous
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fungoid mass; the clubs or rays may occasionally be absent.
The nature of the latter is still doubtful; they consist of hyaline
material formed by and around the peripheral threads, and
in an artificial growth on culture media they do not appear,
but only in the animal body, and even then not constantly.
Typical representations of the actinomyces will be found in
Fig. 11. The fungus can be grown on various nutritive media,
and the lesion has been reproduced in animals by artificial
inoeulation, so that its relationship with the disease is established.

The growth of the actinomyees in the body is always followed
by inflammation of the tissue in which it lies, and the consequent
production of granulation-tissue, amongst the elements of which
giant-cells are not uncommonly found. In some cases the
inflammation progresses to suppuration, abscesses form and
discharge, and a fungous swelling of granulation-tissue and
parasitic growth protrudes through the skin, closely resembling
tuberele; in other eases, nodules or bands of fibrous tissue are
formed, which enclose the fungus, and form definite and con-
siderable tumours. In cases of long standing, the fungus may
die and become the seat of the deposit of caleareous salts,

Actinomyeosis has long been known to veterinary surgeons as
of tolerably common occurrence in eattle and pigs, and has been
variously named, the most common appellations being ** woody
tongue,” ** osteosarcoma,” and *‘lingual tuberculosis.”” The
real pathology of the disease was first discovered by Ponfick
in 1877, and Israel was the first observer who deseribed it
in man.

It is probable that the parasite grows naturally on grasses,
barley or corn, and this explains the relative frequeney of the
disease in cattle and in rural distriects. In more than‘one case,
also, particles of barley, or a whole ear of corn, have been found
at the seat of infection. It is not known how the parasite is
introduced into the body, but infection of man from animals
has not yet been demonstrated. A considerable number of
cases of this disease in human beings has been observed in
England. According to Israel, the disease may be transmitted,
first, through the mouth and pharynx; secondly, through the
lungs; thirdly, through the intestine; but it also occurs in the
skin, and has been found in the bladder.

In the first group of cases the fungus appears to obtain an
entrance at a carious tooth, and to extend thence into the jaw-
bone: in other eases the attack has been preceded by pharyngitis
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or tonsillitis. In the case of the lower jaw, the entrance of the
parasite is followed by the formation of a tumour in the mandible,
which expands the bone and extends thence into the sub-
maxillary region. Here in some cases an abscess next forms,
and, on bursting, discharges not only pus, but small golden-
vellow bodies the size of a mustard-seed, which consist of masses
of the fungus peculiar to the discase. The bursting of the
abscess does not, however, terminate the case, for fresh swellings
may form in the neck, and may extend into the thorax, or into
the mediastinum.

In other cases, suppuration does not oceur, and a firm,
fibrous sort of tumour forms beneath the jawbone. This tumour
is remarkable more especially for its change of position, for
although formed originally in the inferior maxilla itself, it may
gradually sink farther and farther down the neck, leaving at
most a fibrous cord to mark the path of its descent. It thus
happens that an actinomycotic turhour, when first seen by a
surgeon, may be found a considerable distance from the jaw.

In all cases the course of an actinomycotic growth is slow, and
there is usually neither pain nor other evidence of acute inflam-
mation. The pus formed is thin and serous, and contains the
golden-yellow granules already mentioned. In some cases the
discharge is more watery than purulent, and the fluid is copious
and viseid. When the growth extends into the upper jaw it may
extend to the cheek, or may pass upward, and involve the base
of the skull or the vertebre.

In the second group of eases the fungus appears to be intro-
duced during the act of respiration. It may then localise itself
in the bronchi or the lungs, and extend thence to the pleurs, and
so make its way to the cutaneous surface. In some cases the
tumours have extended into the pericardium and the abdominal
cavity.

In the third group, and this the most common in man, the
fungus obtains aceess to the body through the alimentary tract,
and results in the formation of small nodules the size of a pea, or
a little larger, in the mucous membrane of the intestine, any part
of which may be attacked, though the emeum is the commonest
site. These nodules subsequently soften or break down, forming
uleers with undermined edges. From the intestine the fungus
may be carried by branches of the portal vein to the liver, and
may there cause the formation of large masses of white, tumour-
like, soft and honey-combed tissue, containing the characteristic
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vellow granules, arranged in a typically radiate manner (see
Fig. 12).

It may also spread along the subperitoneal tissue to the
abdominal wall, especially in the right iliac fossa, and may cause
extensive induration there, or else result in chronic abscesses
which may be complicated by fweecal fistula.

When the parasite has once obtained access to the tissues,
it spreads generally along the lymph channels or by eontinuity.
The glands often swell, but this is due as a rule to secondary

Fia. 12—S8ection of a human liver invaded by Actinomycosis.
Two areas of the disease are shown, with numerous small cavities in

the suppurating tissue.

irritation produced by inflammation or suppuration caused by
pyogenic organisms which generally accompany the actinomyces.
In rare cases the fungus enters the blood-stream, and a general
dissemination results, pysemic in its outward appearance, with
actinomycotic masses resembling infarets in the spleen and
kidneys, and a general broncho-pneumonia in the lungs, large
soft masses in the liver, and even secondary abscesses in the
joints and museles. Almost always the process is a more or less
local one, spreading slowly, resembling herein tuberculosis, for
which in former years it has often been mistaken.

It is probable that, apart from mycetoma, more than
one species of Streptothrix is concerned in the production
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of human actinomycosis. In some cases the granules are
black.?

Mycetoma or Madura Disease.

This is a chronic inflammatory affection, which usually
attacks the feet, and, more rarcly, the hands, and oecurs especi-
ally in Southern and Western India and North Africa, although
isolated instances have been observed in other eountries. It
is due to a parasite, and affects almost exclusively the native
races, who go barefoot. :

Myveetoma was first recognised as a special disease by Vandyke
Carter. It manifests itself in two forms—(1) the black, and
(2) the wyellow wvariety. It is characterised by econsiderable
swelling and distortion of the hand or foot, with numerous,
somewhat mammillated suppurating apertures, communicating
with cavities of various sizes and channels of various lengths in
the subjacent tissues. In the black variety the fluid which
oozes from the apertures contains brownish-black particles, in
appearance not unlike the rougher description of gunpowder;
whereas in the yellow variety, little particles, light in eolour,
bearing a resemblance to fish-roe, occur. On section 1 either
case, numerous cavities are seen, communieating with each other
by sinuous channels, and the carpal or tarsal bones, and some-
times the long bones, present all the appearance of extensive
caries, being softened and excavated over large areas. The
spaces in the bones and soft tissues alike contain hard, dark
masses in the black variety, and a softer, vellowish, gelatinous
substance, mixed with globular, roe-like particles in the other.
On applying pressure, small quantities of oily purulent matter
can be squeezed out, together with the characteristie light or
dark granules.

As far as naked-eyve appearances go, there is an evident
similarity between actinomyecosis affecting bony structures and
mycetoma, and recently it has been shown that the yellow fish-
roe masses are undoubtedly a form of Streptothria—i. e. a fungus
belonging to the same group as the actinomvees. This was
proved on morphological grounds by Kanthack, and since then
others have suceeeded in separating the fungus by cultivation.
The vellow variety of mycetoma is hence proved to be due to a

1 For a full account of the pathogenic forms of streptothrix the reader is
referred to a paper by Foulerton and Price-Jones in the Trans, of the Path. Soe.,

vol. liii., p. H6.
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vegetable parasite resembling the ray fungus, though not
identical with it, but the exact nature of the black fungus is
still obseure, since some consider it to be a pigmented or degener-
ated form or species of the yvellow streptothrix, and others are
inclined to regard it as belonging to quite a different group of
fungi.

The yellow granules consist of a number of individual fungi,
forming masses or conglomerations of about the size of a hemp-
sced, often mulberry-shaped, soapy or doughy in consistence.
Microseopieally, we find a close eentral mycelium, and generally
a peripheral fringe of glassy transparent rays, either clubbed or

Fia. 13.—Section of a “ Madura " foot, showing the great thickening of the
subeutancous tissues, with formation of numerous cavities, The bones are alzo
seen to be invaded by the dizease.

wedge-shaped, and varying much in size. In the youngest forms
the clubs or rays are absent, but they appear with the progress
of the morbid changes. The myeelial threads ean be observed
to pass into the hyaline rays, The central myeelium is made
up of very fine, closely interlacing and interwoven filaments, and
presents a elose resemblance to the more familiar ray fungus.

The presence of the parasite in the tissues causes first a simple
reactive inflammation; soon granulation-tissue appears with
epithelioid cells and new vessels, and often there is a pigmented
zone round the nodule. Gradually the granulation cells are
replaced by fibrous tissue, and the result is a small abscess-like
mass, or a so-called granuloma, resembling the actinomycotic
lesions,

8
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There is no tendeney to spontaneous recovery, but, on the
other hand, a steadily extending destruction of the affected part,
the disease progressing to the complete disintegration of the
tissues, and involving the leg or forearm according to the seat of
origin. Death results from the prolonged suppuration and its
accompanying fever.

With regard to the etiology of the disease little is known, and
it is assumed that the fungus finds its way into the human body
from the ground or erops. It has not, so far, heen observed in
cattle. The fungus does not disseminate or spread by the
lymphatic or vascular channels, and metastatic growths never
occur, nor has the disease yet been found in the internal organs.
It is extremely chronie, and radical surgical treatment by
amputation as a rule leads to recovery.

Leprosy.

Leprosy is a constitutional and infective disease, due to a
specific bacillus, It is apparently not highly contagious-—no
more, for example, than tuberculosis—-and attacks only pre-
disposed individuals. The predisposition may be caused by
bad hygienic conditions, poverty, starvation, climate, ete. The
consumption of fish was thought at one time to be the chief
exciting or predisposing cause, but there is no sufficient evidence
in support of this assumption.

Leprosy is very rarely met with in England, but is common in
Norway, Iceland, parts of Spain, and in the Baltie provinees of
Russia. It is endemic in many parts of Asia, in South Africa,
and in Central and South America. It attacks especially in
these latter countries the native inhabitants, and although
formerly said to be hereditary, it is now proved beyond
doubt that the discase is not transmitted from the parent
to the offspring. ILeprous women, moreover, are commonly
sterile.

There are two chiel varieties of leprosy—the tuberenlated
and the non-tuberculated, but each owns the same specifie cause,
and the two varieties are oceasionally met with in the same
individual,

Tuberculated leprosy commences often with sensations of
chilliness, marked drowsiness and depression, accompanied by
occasional profuse perspirations, diarrhcea, and vertigo, and
followed by a variable amount of pyrexia. These symptoms are
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succeeded by an eruption of red spots, which may come out in
fresh crops for several weeks or months.

This erythematous eruption is soon followed by the develop-
ment of tubercles, as small as a pea or as large as a walnut, which
are most common and abundant on the face, limbs, serotum, and
penis. They consist of localised infiltration of the derma with
leucoeytes and with large round cells about five times the size of
a white blood-corpusele, which contain baeilli, and constitute the
so-called ““lepra cells  of Virchow; the bacilli also oceur in
the lymph spaces and in the tissues outside the cells; some of the
structures described as lepra cells are in reality lymph-spaces
stuffed with the bacilli. In the growth of the tuberele the sweat
and sebaceous glands and the hair-follicles are destroyed, the
papillee are flattened out, and the tubercle remains for a time
covered by the stretched and thinned epidermis. The further
course of the tubercles differs in different cases, and in different
tubercles in the same patient. Sometimes the growths shrink
and atrophy, leaving depressed cicatrices, but more often many
break down and suppurate, forming uleers which are very slow
to heal, and emit a peculiar odour. The tubercles do not affect
the scalp, and consequently there is no loss of hair in this situa-
tion, but in other parts the hair-follicles are destroyed. The
nails also break away and become peg-like and stunted. As a
result of the development of tubereles, and the thickening of the
skin and subeutaneous tissue, the expression of the face is greatly
altered ; the lips become thick and pouting, the ears are large and
pendulous, and the thickening of the skin of the brows and
forchead produces an appearance commonly described as
“leonine.” Tubereles also develop on the mucous membranes,
and are relatively common on the throat and pharynx.

Non-tuberculated leprosy is more common than the tuber-
culated variety; it is also called ** angsthetie,” on account of the
loss of sensation in certain parts of the skin. Tt commences with
shooting pains in the course of the nerves, followed by hyperwes-
thesia and localised pain and tenderness, all of which symptoms
are most common in the extremities. About a year after the
commencement of these symptoms a yellowish eruption appears
in the form of irregular spots or patches, whose most frequent
sites are the shoulders, arms, and elbows, the thighs, knees, and
the face. These patches ave characterised by their dryness, all
secretion of sweat being arrested, but they are seldom painful or
tender. After a time the edges of the patches become raised,
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and the patches themselves increase in size.  Whilst, however,
they are thus spreading at their margins they fade in their more
central parts, and the skin in these latter positions gradually
assumes a dead white colour like scar-tissue, and becomes more
or less completely anwmsthetic.

The chief symptoms are from this time referable to implica-
tion of the nerve-trunks in the manner to be presently described.

l

Fia. 14.—A cast of the hand from a caze of I..cpros:fu It shows
uleeration and clubbing of the tips of the index and middle fingers,
wasting of the muscles, and clawing of the hand.

The skin becomes red and glossy, and is occasionally attacked by
bullous eruptions; perforating uleers of the feet, and paralysis
of museles ensue; uleers develop on the tips of the fingers and
toes; the hands and feet become clawed and deformed, dry
gangrene or complete absorption of the toes and fingers is
common, and thus the hands and feet become maimed almost
beyond recognition.

Both the tuberculated and non-tuberculated varieties usually
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end fatally, from exhaustion due to extensive uleeration, from
the ecachexia which accompaniecs the disease, from lardaceous
infiltration of the viscera, from extensive implication of the
respiratory muecous membranes, or from true tuberculosis due
to secondary infection.

At a post-mortem examination, in addition to the conditions
of the skin already deseribed, there is found a general increase of
connective tissue in many parts—e. g. in the peripheral nerves,
the testes, the lvmphatie glands, the liver and the spleen. The
growth in the nerves is deserving of special attention, and is most
common in the anmsthetic form of leprosy. There can, indeed,
be no doubt that the anasthesia, wasting of muscles, paralysis,
ulcerations, and the gangrene of the fingers and toes are mainly
caused by constriction of the nerve-fibres by fibrous tissue, which
also eauses considerable thickening of the nerve-trunks.

Microscopical examination of the affected parts shows every-
where a definite baeillus, which has been demonstrated in all the
tissues above-mentioned as well as in the tubereles in the skin and
mucous membranes, and in the cutaneous eruptions, but has less
commonly been demonstrated in the viscera. The leprosy
bacillus is readily stained in the same manner as the tubercle
bacillus, which it resembles in size and shape. These bacilli are
held to be the actual cause of the disease, and are supposed, by
the irritation which they induce, to promote the growth of the
connective tissue which characterises leprosy throughout the
body. Inoculations of animals have so far failed to produce this
disease, but an organism which appears to be the causal one is
believed to have been ecultivated by more than one observer
(Deycke, Rost, and Williams). It appears to belong to the
streptothrix group, and to vary in its acid-fast property. A
fat termed ** nastin ’ has been prepared from the cultures and
has been employed in conjunction with benzoyl-chloride in the
treatment of the disease, but more suceessful results have
recently been claimed for vaccines prepared from the cultivated
Organisms.



CHAPTER XV
TUBERCLE AND SCROFULA

For full information on this subject the student is referred to
works on general pathology. Nevertheless, tubercle plays so
important a part in many surgical affections that it is needful to
explain its nature in some detail.

Tuberele, like actinomycosis, leprosy, and syphilis, is classed
as an “ infective granuloma ”—that is to say, it is a form of
chronie inflammation resulting in the production of an imperfect
kind of granulation-tissue, and due to a specific infection.
Further, the new tissue which results from the inflammatory
process is prone to early degeneration and death, with the forma-
tion of ulcers, abscesses, or cavities. It is also attended, at
least in its more chronie forms, with a considerable reactive
fibrosis on the part of the tissues affected. The inflammatory
process may oceur in well-defined foei, or may be diffuse.
Tubercle may spread by direct continuity, or disecontinuously
by the lvmphatic channels or blood-stream. It may thus present
clinical features of the most widely varied kind, but in every
case it is due to one cause—invasion by the tubercle bacillus—
and its various manifestations depend mainly upon the varving
degrees of reaction and resistance displayed by the tissues of
the body imvaded.

The tubercle baeillus is a micro-organism usually classed with
the bacteria, though presenting affinities with the genus Strep-
tothrix. It is a slender rod, often slightly bent, and has a
diameter of about half a micro-millimetre. It is not infrequently
of a beaded appearance when stained, but is not certainly known
to form true spores; nevertheless the bodies known as * Much's
granules,” which often oceupy one end of the bacillus and may
become free when the rod disintegrates, probably represent a
resistant resting stage. Inits resistance to heat it is intermediate
between non-sporing bacteria and spores. Branching forms of

the fungus may be seen in old cultures. One of its most striking
118
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features is that it is ** acid-fast —i. e, when stained, the stain
is not removed by moderately strong solutions of the mineral
acids. Upon this fact is based the ordinary method of staining
for tubercle bacilli. Several other bacteria exhibit this acid-
fast property—notably the leprosy bacillus; but it is specially
to be noted that acid-fast bacilli which are not tubercle bacilli
may be found in urine; they may easily be confounded with the
tubercle bacillus (smegma-bacillus, ete.).

The tubercle bacillus, though it can be cultivated on special
media, is not known as a saprophyte in nature. It appears to
grow only in the animal body. Tuberculosis is known in all
classes of vertebrate animals, but it is as yet uncertain whether
it is always due to a single species of tubercle bacillus. There
are, however, no sufficient grounds for supposing that the tubercle
of different mammals is due to different sorts of bacilli. At the
most, bovine and human tuberculosis-are ecaused by different
races or strains of one species, but sufficiently distinet to be
recognisable on culture or by animal experiment. It is note-
worthy that, while tubercle of the lungs is almost invariably
due to the human type of tubercle bacillus, a considerable
proportion of cases of “surgical” tubercle, affecting the
lymphatic glands, bones and joints, is due to the bovine
type.

The phenomena seen in tuberculosis will be best understood if
the localised, or focal type, is first described. The primary or
clementary lesion is the miliary tuberele. This in its early stage
appears to the naked eye as a minute, grey, semi-translucent
granule about the size of a mustard seed—a ** grey tubercle.”
As its size increases, the central part becomes opaque and
yellowish from fatty degeneration, and it is gradually trans-
formed into a soft cheesy mass—a ** caseous tubercle.” By the
confluence of these elementary lesions large areas of tissue may
become affected and destroyed.

Microscopic examination of the grey tubercle shows that it
consists of a eluster of cells, or a confluent group of such clusters.
The typical structure of the individual cell cluster is as follows :
(1) The main mass consists of cells which are larger than leuco-
eytes and possess a clear cell body, which, in a well-fixed and
stained preparation, shows processes anastomosing with those
of its neighbours. The basis of the tubercle consists of a reti-
culum of such eells; they are often called ** epithelioid cells,”
but the name must not be understood to imply an epithelial
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origin, for tubercles arise in bone, lvmphatie glands and else-
where, in situations where no epithelium is present. It is now
generally held that these cells arise from endothelium—i. e. that
the main mass of a tubercle is due to an endothelial proliferation
in response to the action of the toxins of the tuberele bacillus.
The term ** endothelial reticulum ** may conveniently be used
for this cell mass. (2) Not uncommonly, individual ecells in the
reticulum are larger than the rest and show more than one
nucleus. As a rule, one or two such cells in a tuberele are of
enormous size, and show many nuclei, which are either grouped

Fiz. 15.—An isolated miliary tubercle from the conjunctiva. It is
made up of endothelial cells and fibroblasts, with geveral multi-nucleate
giant cells. Smaller tubercles are arising in its vicinity.

at one or other pole, or arranged in a ring at the cirecumference of
the cell. These are the giant-cells so characteristic of tuberele.
They are clearly related to the endothelial cells, and intermediate
forms can often be traced. But though more frequent and more
numerous in tubercle than in other chronie inflammations, they
are by no means peculiar toit. They are sometimes seen in other
infective granulomata, as in gumma or actinomyecosis, or, indeed,
around aseptic foreign bodies imbedded in the tissues; on the
other hand, they are sometimes absent in tubercle itself. The
presence of well-marked giant-cells always suggests, but never
proves, that a given inflammation is tuberculous. The giant-cell
may occupy a central position in the tubercle or a marginal one;
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its processes often anastomose with those of the endothelial
reticulum. (8) Here and there throughout the tubercle leuco-
eytes are scen amongst the endothelial cells, mostly of the
lymphoceyte type. Towards the edge such cells are usually more
densely aggregated, forming a definite outer zone, which appears
more deeply stained than the central mass. (4) In the tissue just
outside the tubercle are seen large oval granular cells—the
 plasma-cells ' of Unna—some of them spindle-shaped and
passing into fibroblasts. These represent, in all probability, the

Fig. 16.—Section of tubereulous tissue, showing two laree and
characteristic giant cells, with many nuclei, lying in a reticulum of
endothelial eclls and fibroblasts.

earliest stage of the reactive fibrosis which is seen about chronic
tuberculous foci. In certain forms of tubercle of the skin they
may be very numerous, but plasma-cells are not a usual con-
stituent of a tubercle. In this respect tubercle differs from
syphilis, for in the lesions of the latter disease plasma-cells are
abundant. (5) The tuberele bacillus is also a constituent of the
mass. In some cases it is abundant, but more often it is only
demonstrable after prolonged search.

It will be noted that in the above description no mention has
been made of newly formed blood-vessels such as are character-
istic of ordinary granulation tissue. This is one of the most
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striking and constant features of tuberele, that the newly formed
tissue is entirely non-vascular. Ierein, as will be seen, it con-
trasts with gumma, in which new vessels are formed in the
peripheral parts.

Secondary changes in tubercle.—These are essentially degen-
erative in character. A tubercle tends to early degeneration and
necrosis for two reasons. One is the direct toxic action of the
bacillus, the other is the absence of blood-vessels, which naturally
interferes with the nutrition of the newly formed tissue so soon
as it has attained a certain size.

In all but the youngest miliary tubercles, necrotic and fatty
changes are demonstrable. The cells lose their nuclear staining,
and become dull and granular, ultimately losing their outlines
and fusing into a granular mass in which fatty particles, nuclear
fragments, and filaments of fibrin may be discerned. This
change is known as easeation, and is recognisable to the naked
eve as a yellowish-white opacity. It may be followed by actual
softening and liquefaction, in which casecous areas break down
into a fluid resembling pus, but very different from it in actual
composition. Thus arise tuberculous ** abscesses.™

In other cases, instead of liquefying, the caseous mass dries
up into a firm solid mass, shrinking in volume. This occurs
chiefly in old standing cases in which the process has become
arrested. Lime salts may be deposited in such old cheesy foei,
the tuberele undergoing ecaleification. Round these old tuber-
culous foci a dense formation of fibrous tissue is commonly seen,
and, indeed, some fibrous tissue is usually found mieroscopically
around all but the youngest forms of tubercle, unless they are
rapidly advaneing. This reactive fibrosis, foreshadowed even in
a young miliary tubercle by the *° plasma-cells * at its margin,
plays a very important part in all chronie tuberculous processes.
It is Nature’s effort at restricting the spread of the disease, and
we must believe that it is often sucecessful, for it 1s a common
thing to find in the bodies of those who have died late in life
of some other disease, small shrunken ecaseous or ealeareous foei
at the apex of the lung, or in a lymphatic gland, firmly encap-
suled in scar tissue, and evidently representing long-cured
tubercle.

In addition to the focal or localised type of tubereulous inflam-
mation which has just been described, diffuse inflammatory
changes may in some cases be seen, commencing not by the
formation of distinet tubercles, but by ill-defined tissue-changes
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resembling those of ordinary inflammation at the outset, though
distinguished by their sluggish course, and by the tendeney which
the inflammatory products show to caseate, soften, and break
down. These are the types of inflammation which were once
known as serofulous or strumous. Scrofula is a term applied to
the eonstitutional condition in which such inflammatory changes
are liable to oceur. It is now generally admitted that scrofulous
inflammations are truly tuberculous, modified, perhaps, by the
constitution of the patient. The evidence for this lies in the
facts that here and there patches can usually be found which
present the mieroscopie structure of tubercle, that the tubercle
baeillus is itself sometimes demonstrable, and that, even where
it cannot be otherwise demonstrated, the inoculation of suitable
animals with the inflammatory products leads to the development
of tuberculosis.

Serofula is thus a diathesis or peculiarity of constitution in
which there is a predisposition to infection by the tubercle
bacillus, 1. e. a lowered resistance against such infection. Such
predisposition is often inherited. This view of serofula, how-
ever, though it probably states its most essential features, does
not cover the whole ground. The constitution which cannot
resist the tuberele bacillus is often susceptible to other infections,
so that we find scrofulous subjects liable to various troubles, such
as eczema of the head and face, inflammations of the eyelids,
corneal uleers, adenoid vegetations, and so forth. These
affections have no necessary connection with tubercle, but the
scrofulous person is commonly weakly and ill-nourished, less
able than a healthy person to respond vigorously and effectively
to any sort of injury or infection. It may well be that the
tuberculous nature of some serofulous inflammations is seeond-
ary, i.e. that the tubercle bacillus readily takes root and
flourishes in the soil prepared by a simple inflammation. It is
to be noted further that, although scrofula implies a predisposi-
tion to tuberele, the tuberculous process tends to run a peculiarly
sluggish course in many cases, and that the tendency to wide-
spread dissemination of the virus is slight. Thus lupus vulgaris,
a typically serofulous affection, tends to remain limited to
the skin, while “ serofulous glands ” in the neck usually run
a slow course, with little tendency to the invasion of the
viseera.

The scrofulous constitution is supposed to manifest itself in
the physical build of the subject, but this is in truth a somewhat
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ill-defined matter. Two types are mentioned, the * sanguine ™
and the ** phlegmatie,” the former with a delicate complexion,
fine, fair hair, large eyes with long lashes, and a generally slight
build, while in the phlegmatie type the skin is thick, the hair
coarse and dark, the features ill-modelled, and the build elumsy
and thick. These opposed types, between which intermediate
varieties are admitted, cannot be said to offer such definite
criteria as modern pathology demands. The two most typically
“ serofulous ™ affections, lupus and chronie tuberculous lympha-
denitis, both indisputably due to tuberele, will be deseribed here.
Other tuberculous manifestations will be dealt with in their due
place.

The lymphatic glands are specially liable to tubereulous in-
flammations, and it has been pointed out by Treves that the
most frequent cause of their enlargement is **a lesion that
implicates the adenoid tissues of a mueous membrane.” The
muecous membranes of the naso-pharynx and of the intestinal and
bronchial tracts are specially rich in adenoid tissue, and catarrh
of these surfaces is very common. So, therefore, is disease of
those glands common into which the lymphaties of these parts
empty. The glands of the neck, thorax, and mesentery are far
more often diseased than are those of all other parts of the
body, and it is gquite unusual for glandular affection to follow
tuberculous ulceration of the skin of the extremities or caries
of bone.

The diseased glands become enlarged very slowly as a rule,
but occasionally thefr growth is comparatively rapid ; they vary
in size, and sometimes altogether subside; after an indefinite
length of time they become adherent to the surrounding parts,
and evidences of inflammation slowly develop. The skin
becomes dull red and adherent, suppuration ensues, and the
resulting abscess opens through an irregular ragged aperture,
which is very slow to heal and leaves an ugly sear; suppuration
does not occur in more than a small percentage of all cases.
The pus in such abseesses is ill-formed, curdy, and shreddy, and
is mingled with caseous material. Very often these glandular
swellings cease to grow, and remain stationary for months or
even years; in such instances calcification may ensue, and the
whole gland may be converted into a chalky mass.

On section, a tuberculous gland is softer than natural, and
generally presents several masses of caseous material embedded
in its substance; glands which have been long diseased may be
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converted into a caseous pulp, with which is mingled, in some
cases, a certain amount of ill-formed pus.

Microscopical examination shows tubercle in addition to the
changes common to all chronic inflammations. The endothelial
cells in the gland multiply at certain places which appear to
be foci of the process, and at the same time that they multiply
thcy often become larger and more translucent than natural;
mingled with the cells is some fibrinous exudation. In the
centre of each of the foei above mentioned true elementary
tubercles with giant-cells and endothelial reticulum appear,
fatty degeneration of the cellular elements soon ensues, and
caseous masses are formed. In chronie eases, there is a forma-
tion of fibrous tissue, though this may not be a prominent feature.

There is a chronie and relatively benign form of tuberculosis
which is not unecommon in lymphatie glands, and is characterised
by firm nodules of endothelial proliferation replacing the normal
tissue of the gland. Giant-cells are sparse or absent and there is
little tendency to ecaseation. The condition may readily be
mistaken by the inexperienced for a malignant growth.

Lupus vulgaris is most commonly seen on the face, and is
specially liable to attack the nose; it usually eommences in the
voung, and rarely begins after the age of five and twenty,
although it may continue to recur at any age. Its carliest
appearance is in the form of a small pimple, and in other cases
there is a collection of papules or tubercles. The epidermis is
thinned and shiny, and beneath it, in the eutis, can be seen a
semi-translucent growth of a brownish-yellow tint, which has
been compared to apple-jelly. The affected skin is redder than
natural, and the epidermis soon peels off and exposes a raw red
surface, which slowly uleerates. In some cases the edge of the
lupous uleer is surrounded by a ring of small papules like that
which preceded its formation, and by a constant breaking down
of these growths the ulcer inereases in size. The discharge from
the ulcerated surface is watery pus, mixed with epithelial seales,
and readily forms a scab, around the edge of which uleeration
progresses.

As in other surface lesions, the inflammatory produets tend
to degenerate, and the tissues around the edge of the uleer
become very soft and friable. The ulceration is slow, but may
extend over wide areas and involve deep structures. Thus, the
nose, eyelids, cheeks, and lips may be implicated, and the nasal
cartilages and bones may be destroyed. Even if the morbid
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process has ceased, it is peculiarly liable to recur, and treatment
of all kinds not infrequently fails to arrest its progress. If the
ulcers heal, the scars are usually thin and badly formed, while
cicatrisation may progress in one part and the uleer may extend
in another; the scars, when formed, are very liable again to
break down.

Microscopie examination of a lupus patch shows chiefly cell
exudation into the papillary layers of the true skin, with des-
quamation of the surface epithelium and enlargement of the
inter-papillary epithelial processes; giant-cells are occasionally
present. Anastomosing trabecul® of inflammatory cells extend
deeply into the dermis, and these, as Unna first showed, consist
mainly of plasma-cells. The sebaceous glands are larger than
natural, and their cells are in a state of proliferation. The
exudation around the hair-follicles generally causes the destruc-
tion of the hair. Tubercle bacilli are occasionally present, but
are in any case extremely few and difficult to find.

Lupus erythematosus seldom occurs in children, and chiefly
attacks females of middle age. It is by no means certain that
this is a tuberculous affection, although a tuberculous family
history is common. It commences as an erythematous eruption
over the bridge of the nose, and extending symmetrically to the
cheeks thus acquires a shape which has been compared to that of
a butterfly. The affected skin becomes thickened and infiltrated
with inflammatory produets, the epidermis is shed in branny
scales, and finally scar tissue is formed in the substanee of the
derma and causes contraction of the whole area of affected skin.,

Verruea necrogenica.—This name has been applied to a warty
growth which especially affects those who have post-mortem
work to do, and is more often named ‘¢ post-mortem wart.” It
is usually seen on the knuckles, and originates either in an
abrasion or in a pustule.  When fully developed it appears as a
raised, moist, warty mass, the papillee of the derma being much
enlarged and often exquisitely tender. There is in some cases a
covering of dry, cracked and blackened epidermis, but this is
from time to time separated by a drop of semi-purulent secretion
beneath it, and the raw, tender surface of the papillary layer is
thus exposed. The warty condition tends to spread slowly,
and may persist for months or vears. It is quite certain that
some of these ** post-mortem warts ” are really tuberculous
nodules, for bacilli have been cultivated from them, and tuberele
of the neighbouring lymphatic glands has developed in a few



CHANNELS OF INFECTION 127

cases. It does not, however, follow that all such growths are
due to tubercle.

Before concluding this chapter, it is necessary to say a few
words as to the modes of infection by the tuberecle bacillus, and
the channels by which the virus spreads in the body.,

Channels of infeection.—The bacillus may gain access to the
body by the skin, by the respiratory tract, or by the alimentary
canal. Other modes of infection are very rare. Of these three,
infection by the skin is the least important, though it aceounts
for lupus vulgaris and other tuberculous affections primary in the
skin, It is probable that some erack or abrasion is a necessary
antecedent. Infection by the respiratory traet is one of the
commonest and most important sources of tubercle. The
secretions, and especially the expectoration of phthisical patients,
contain the baeillus in vast numbers, and such dried seeretions
disseminated in dust must be continuously present in all erowded
centres of population,

It is known that the tubercle bacillus retains its vitality after
drying for several weeks. Most of us probably thus inhale the
bacillus, and the majority owe their escape to inherent powers of
resistance. Inhaled bacilli may be arrested at any point, and
may gain access to the lymphaties. Here in health they are
destroyed, but in susceptible subjects they set up tubercle. By
absorption through the tonsil or adenoid tissue of the naso-
pharynx, the cervical lymphatic glands become affected. Lower
down, bacilli may be carried to the glands at the bifurcation of
the trachea, or to the lung itself. When the glands at the root
of the lung are affected it is the rule to find an even earlier focus
in the lung itself.

Inhaled bacilli may also be swallowed, but an additional
danger menaces the alimentary canal in that the bacillus may be
present in articles of food, notably in milk and its produects,
from infected cattle. Absorption here may be by the tonsil,
but more frequently from the intestine, whenee arises a primary
infeetion of the mesenterie glands without any necessary lesion
of the intestinal mucous membrane. Koch has endeavoured to
minimise the reality of the danger from this source; but both
clinical and experimental evidence go to show that bovine
tubercle is a real danger to man, though it must be admitted
to take a second place to infection by inhalation. It is now
possible to distinguish by ecultural and experimental means
between tubercle bacilli of bovine and human origin, and it has
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been shown that pulmonary tuberele is almost invariably due to
infection by * human ” bacilli, and tubercle of the cervieal
glands usually so. The abdominal tubercle of children is due
to bovine infection in a considerable proportion of cases, and
this is true also of tubercle of bones and joints.

There are certain forms of tubercle—e. g. where tuberculosis
is primary in the testis, kidney, supra-renal or in synovial
membrane or bone, in which the mode of infection is obseure,
The bacillus must attain such localities as these by way of the
blood-stream, but we do not know how or where it enters the
blood. In most cases a primary focus exists elsewhere in the
body from which the baeillus has escaped into the blood-stream
—¢. g. in patients with joint tubercle other tubereulous lesions
are almost invariably found post-mortem.

The spread of tubercle within the body.—Tubercle has an
especial affinity for lymphoid tissue ; this tissue is commonly the
seat of primary infeetion, and it is mainly by lymphatie channels
that loecal spread takes place. The mechanism of spread is by
the dissemination of the tubercle bacilli along such channels,
As the primary focus softens and disintegrates a certain number
of still living bacilli are set free. They may pass but a short
distance along the lymph spaces of the tissues, when, again
arrested, they set up new foei of tubercle. Thus arise crops of
secondary miliary tubereles round the primary focus, and these as
they grow may fuse with the original mass. By an extension of
the process, very large caseous areas may arise: thus the entire
kidney may be converted into a cheesy mass. At other times
the bacilli may pass for some distance along the lymphaties,
and may be arrested in the nearest lymphatic glands. The
axillary glands may thus be affected in tubercle of the breast,
and indeed in all chronie cases of loeal tuberele it is a eommon
thing for the adjacent lymphatic glands to be implicated. Not
rarcly a softening caseous focus ruptures into a serous cavity :
thus an affected mesenteric gland may infeet the whole peri-
toneum, and set up tuberculous peritonitis.

More serious, beeause more rapidly fatal, is general dissemina-
tion by the blood-stream. A softening tuberculous gland may
rupture into an adjacent blood-vessel; such communieations
have not rarely been actually demonstrated. Thus arises acute
general tubereulosis, the bacilli lodging all over the body and
setting up grey miliary tubereles in many situations. In such
cases death is not long delayed, and is often due to tuberculous
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meningitis, for in such cases the meninges are especially prone
to be affected, in children perhaps more often than any one other
tissue. It 1s an almost invariable rule that after death from
general tuberculosis, careful search reveals a primary caseous
focus, usually a bronchial or mesenterie gland. It sometimes
happens that surgical interference with an old tuberculous lesion
lights up a general tuberculosis by the liberation of infective
material into the blood-stream. Death may thus oceur after
operations on tuberculous bone.

Other channels by which tubercle may spread are the natural
ducts or passages of the body to which tuberculous material gains
access. In the lung, the respiratory currents may carry such
material along the bronehi : the sputum, in phthisis, may infect
the larynx, or being swallowed, may set up tuberculous uleera-
tion along the intestine. In primary tubercle of the kidney the
softening products are carried downwards by the urine, infecting
the ureter and bladder. If the epididyvmis or testis be affected,
the vas deferens and vesicula seminales may suffer in their turn.

No person with even a small tuberculous focus anywhere in
the body is exempt from the danger of dissemination. But the
course of the disease is mainly a matter of individual predisposi-
tion, and children are very especially predisposed to general
tuberculosis. Of three people infected with tubercle, one
may die of rapid phthisis, the second of chronie tuberculosis
representing a struggle which extends over many years, while
the third escapes with a trivial lesion, from which he recovers
with apparent ease.

Tuberculin.—It is evident that anything which can increase
the resistance of the patient against the tubercle bacillus must be
of great value in treatment. One method, typified by modern
sanatorium treatment, aims at inereasing this resistance by
placing the patient under the most perfect hygienie conditions
attainable. By improving his general health and nutrition, and
removing as far as possible the dangers of reinfection, a large
percentage of cures can be attained. This mode of treatment
consists essentially in reinforeing the natural modes of cure by
natural means, and is strongly to be commended. It is indeed
far more important to treat the patient than the local lesion.

But there remains the possibility of reinforcing natural means
of cure by artificial means. It is well recognised that by suitably
graduated inoculations with bacteria or their products the resist-
ance of the animal body against the bacterium used may be

9
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greatly raised. Tuberculin is a fluid prepared from tubercle
bacilli. The original erude tuberculin introdueed by Koch in
1891 was a concentrated glycerin-broth culture of the baeilli,
sterilised by heat. The injection of this in minute doses (01 ce.)
into a patient suffering from tuberculosis produces a sharp rise
of temperature which is diagnostie, for a non-tuberculous subject
requires a much larger dose to produce the febrile reaction. As
a diagnostic agent this crude tuberculin is largely used in cattle,
and in minute doses may reasonably be used in human beings.
But as a curative agent it has proved too dangerous, for it execites
an inflammatory reaction round the tuberculous foei which may
become neerotie and liberate their contained bacilli, which are
still living, for the fluid exercises no bactericidal effeet. In this
way the injections may lead to disastrous results.

In 1897 Koch introduced a new form of tuberculin, which he
termed ** tuberculin-R.” It is prepared by grinding up the
dead bodies of tubercle bacilli in water and centrifugalising.
The sediment is again ground up with water and the process
is repeated till no further sediment can be obtained on centri-
fugalisation. The first washing contains the substances which
give the old tuberculin reaction, and this is known as ** tuber-
culin-0.” It is the second and suceeeding washings which make
tuberculin-R ; and this is practically an opalescent suspension of
disintegrated bacillary bodies, containing the intracellular toxins,
but freed by the first grinding and washing from the soluble ones.
It seems a safe agent for treatment, and good results have been
reported from its use. The dosage now in use is much smaller
than was at first the case. The initial dose is usually ygdgg or
even ygpgoe of a milligramme.




CHAPTER XVI
SYPHILIS

Venereal Sores

VENEREAL sores are of two kinds—(a) the non-infecting;
(b) the infecting.

The non-infeeting or soft sore makes its appearance from
two to five days after exposure to contagion, and frequently
several sores result from a single inoculation.

It commences as a pustule, which bursts and discharges its
contents, leaving an uleer. The latter is generally circular in
shape, sometimes no larger than a split pea, but frequently
extending over a considerable area of skin; the base 1s grey and
sloughy, with marked absence of granulations; the edges are
sharply eut—giving a punched-out appearance to the sore—
but are sometimes ragged and undermined; the seeretion is
scanty, and consists of shreddy and watery pus. Uleers such
as these may occur on any part of the penis or vulva, but are
most common on the glans and on the foreskin immediately
behind the corona. In many cases the lymphatie glands in the
groin inflame and suppurate, the pus which is formed in them
being capable of producing by inoculation sores similar to the
original uleer. As a rule, non-infecting sores are not indurated,
and are therefore spoken of as * soft sores ”; sometimes, how-
ever, they do become indurated, especially when they extend
into the areolar tissue beneath the skin. Venereal sores of all
kinds are more liable than are most ulcers to take on a phage-
denie action, and by this process considerable portions of the
genitals may be destroyed. Soft sores do not cause any
constitutional infeetion, and are therefore called non-infeeting.

Infeeting sores are the result of inoculation with syphilitic
virus, An infecting sore never makes its appearance earlier
than ten days after exposure to contagion, and most com-
monly does not show itself for about three weeks, whilst as
long an interval as six or seven weecks may clapse between
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infection and the development of the sore. The infecting sore
presents three chief varieties.

(1) The epidermis may appear abraded or excoriated, and,
peeling off in flakes, exposes a circumseribed patch of a livid
purple colour. There is no uleeration and no induration.

(2) An indurated tubercle may form beneath the epidermis,
and, the latter remaining intact, the surface of the sore is not
excoriated and does not discharge.

(3) A definite raised nodule may develop in the substance
of the skin. It is coin-shaped, being flattened on the surface,
with cireular margins, and a definite elevated edge; it is very
hard, and feels like a piece of cartilage set in the skin. The
surface is red, raw, and excoriated ; it discharges a thin watery
fluid which contains much epithelial débris and a few leucocytes.
An infecting sore such as this is a so-called ** Hunterian chancre,”
or ** hard sore.”

Of these three forms of infecting sore, the second and the
third are the most common, and the latter more so than the
former. The most usual situation for all of them in the male
is the prepuee just behind the corona glandis. They are com-
monly single, but may be multiple. Any of these sores, if
irritated by dirt, by friction of the clothes, or by other agencies,
may suppurate, but none of them normally suppurate or form
uleers when first developed, although at the time when con-
stitutional symptoms begin, it is by no means uncommon for
the primary sore to inflame or to seerete pus. The induration
15 the result of inflammatory exudation into the tissues, and, in
cases which are not treated, may persist as long as six or nine
months, or even longer. In cases of infecting sores the lym-
phatie glands in the groin become enlarged and indurated.
Often they are neither inflamed nor painful, but if the sore
itsell’ suppurates from exposure to irritation or sepsis of any
sort, then the glands in the groin may also inflame and sup-
purate; if pus is formed in them, it has no syphilitic properties,
and is not inoculable.

Microscopic examination of a primary syphilitic chancre
shows that it consists of a firm and dense granulation-tissue in
which there is little that is histologically characteristic, The
firmness and toughness depend in part upon the original fibrous
tissue of the affected area, which is infiltrated with the new-
formed produets. There is the usual small round-eelled infil-
tration of chronie inflammation, with a great number of Unna’s
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“ plasma-cells.” These are distributed through a matrix of
imperfectly formed fibrous tissue in which a large number of
new capillary channels may be found. The small arteries
traversing the area may show a thickening of the inner coat.

It must constantly be borne in mind that a patient may
have exposed himself to the contagion of both infecting and
non-infeeting sores, and in not a few cases both varieties of
sores develop in the same patient.

The non-infecting and the infecting sores are now universally
admitted to be the result of inoculation with different poisons.
Thus, a soft sore will by inoculation always produce a soft sore,
and an infecting sore will always produce a sore which is fol-
lowed by econstitutional symptoms. A non-infecting sore cannot
produce an infecting one.

The Micro-organism of Syphilis

The infecting agent is a delicate spiral organism, probably
belonging to the protozoa, discovered by Schaudinn and Hoff-
mann in 1905. It requires special microscopic methods for its
detection, a fact which explains why it had so long been
overlooked.

The organism is called Spirochzeta pallida or Spironema
pallidum. It is actively motile, at most a quarter of a micro-
millimetre in breadth, and averaging seven micro-millimetres
in length, though much longer individuals are sometimes seen.
It presents numerous abrupt, deep and regular spiral turns,
and is thought to possess terminal flagella. In the living
condition it ecan best be detected under the dark-background
illumination of the * ultra-microscope ™ : in the dried state it
1s easily demonstrated in smears of the suspected seeretion
mixed with Chinese ink. With Giemsa's stain it takes a faint
rose-pink tint. It has to be distinguished from another spiral
organism, the Spirocheta refringens, which seems a common
genital saprophyte. This organism is thicker, with flatter
spirals and truncate ends : it stains more deeply with Giemsa’s
fluid, presenting a bluish-purple tint. In the tissues, Spiro-
cheeta pallida is best demonstrated by Levaditi’s silver method,
by means of which it can at times be seen in ineredible numbers
in the liver and other viscera in congenital syphilis. The
organism has been cultivated by Noguchi, but the method is
not an easy one,.
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The evidence that it is the cause of syphilis 1s conclusive.
It is found only in syphilis, and it is present in the various tissues
in strict proportion to their infective power. Until recent years
we could judge of this infecting power only by chanee clinical
observation or by oceasional deliberate experiment on human
beings.  Since Metehnikoff and Roux showed in 1903 that the
disease was communicable to the anthropoid apes and to some
of the higher monkeys, it has become possible to establish the
distribution of the virus in the body with some exactness. It

Fie. 17.—@pironem:a Pallidum. The left-hand side shows their abundance in the
lung of a syphilitic fotus, staimed h_'t.' Levaditi’s zilver method. On the 'I‘i.ghi:- is
shown the appearance under dark background illumination.

has been proved that there is a close correspondence between
the infecting power of a tissue and the readiness with which
the Spirochate can be demonstrated in- it. In the primary
sore and in superficial secondary lesions, especially those which
are moist—e. 2. condylomata—the Spiroch®te is abundant,
and the secretions from these constitute highly infective material.
In the most highly infective material of all, viz. the liver and
other viscera of congenital syphilis, the organism is even more
abundant. Conversely, in the blood of syphilis, which is little
infective, the Spirocheete has rarely been demonstrated, and it
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is only rarely found in tertiary lesions such as gummata, which
have long been recognised as almost devoid of infecting
properties.

It may be added that in the tropical disease known as
“yaws " or * frambcesia,” which is closely allied to syphilis,
a very similar organism—"* Spiroch@ta pertenuis ’—has been
discovered by Castellani.

Secondary Syphilis

Syphilis is a specific and contagious disease propagated by
local contamination.

An infecting sore, such as has been already described, is the
usual precursor of constitutional infection, but it must be
clearly understood that by the time this primary sore appears
the system 1is already contaminated, and that excision of
the chancre is therefore useless as a preventive measure. The
sore itself may justly be considered as already an index of
constitutional disease,

Further evidences of constitutional infection generally
appear at about the sixth week after the development of the
primary sore, and are sometimes accompanied by slight irregu-
lar pyrexia. These early manifestations of syphilis are liable
to succeed one another for a space of about a year or cighteen
months in untreated cases, and to this stage of the disease the
name of *‘secondary syphilis ™ has been applied. In typiecal
cases, after apparent complete subsidence, further local lesions
make their appearance, and to this stage the name of tertiary
syphilis 1s given. It would, however, be a grave error to
suppose that these two periods and their accompanying lesions
are always clearly separated from one another. This is by no
means the case, for lesions usually described as tertiary may
supervene within the first twelve months after infection, and
secondary svmptoms may occur after several years. It is
practically certain that the varying severity of the manifesta-
tions of constitutional syphilis is not mainly dependent upon
any alteration in the character or dose of the original virus, but
rather upon the constitution of the patient in whom the disease
occurs. Thus, extensive rupial ulceration with destruction of
parts of the lips and checks has been known to occur in a
woman within six months of infection by her husband, whilst



/e

136 CUTANEOUS ERUPTIONS

the latter had himself only suffered from slight sore-throat and
a transient skin eruption,

But although constitutional syphilis differs much in severity
in different cases, there are certain local lesions which typically
oceur in the early or secondary stage of the disease, and al-
though at first sight they appear to differ very widely from one
another in their nature, such is not really the case, for in almost
all of them the same pathological process is to be found. The
typical lesion of secondary svphilis is plastic inflammation.
The induration of the infecting sore is due largely to the forma-
tion of new fibrous tissue; and whether it be the testis or the
eyeball, the arterial system or the skin, the periosteum or the
lymphatic glands, which is the seat of early syphilitic disease,
in each and all alike there is exudation of inflammatory produects,
a tendency to the formation of young fibrous tissue, and a
consequent thickening of the diseased part. In addition to
these plastic exudations, ulceration occurs with considerable
frequency in some tissues, but it should again be remembered
that the constitution of the patient himself has much to do
with the determination of suppuration.

It is not possible to deal at all exhaustively with the lesions
of constitutional syphilis, and it is not proposed to do more
than describe very briefly those which are the most important.

The cutaneous system suffers very constantly in syphilis,
and 1s often the seat of the most early evidences of constitu-
tional infection. The eruptions that occur are various. One of
the commonest 18 a roscola, which commences on the abdomen
and thorax, extends afterwards to other parts of the body, and
usually fades without treatment in the course of a few wecks.
In such an eruption there are numerous rose-coloured, circular
spots, which are sometimes so closely set that there appears to
be but little unaltered skin, while in other cases they are very
few and faint in colour. The spots are not at all raised, and
readily disappear on pressure.

Mingled with this roseola there is frequently seen a papular
eruption, consisting of numerous small raised spots of a copper
colour, which terminate either by desquamation or resolution.

At a later period tubercles may be developed. They differ
from the papules chiefly in their size, and, like the latter, are
the result of plastic exudation into the papillary layer of the
skin. The epithelium covering these tubercles almost always
desquamates and comes away in very fine, powdery scales.
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After desquamation, the tubercular eruption assumes a dull-red
or copper colour. In some patients the tubercles uleerate, in
others they do not, but in either case permanent pigmented
scars are frequently left. The forehead—and face in general—
is one of the favourite sites of these tubercles, the resulting
scars being very unsightly.

Another rash, which is one of the earliest to appear as well
‘as one of the latest to persist, is the squamous syphilide, to
which the name of syphilitic psoriasis is often applied. The
most common sites of the eruption are again the abdomen and
thorax, and the flexor aspects of the arms and forearms. The
rash consists of cireular spots, slightly raised from the surface,
sometimes white from the presence of epithelial débris, and,
when the latter has been cast off, of a dark reddish tint. The
palms of the hands and the soles of the feet are affected with
comparative frequency, and in these situations the eruption is
most persistent and intractable. The squamous syphilide can
generally be readily diagnosed from simple psoriasis, for there
is often some other evidence of syphilis; it does not oceur, as
the simple form does frequently, in children; the elbows and
knees, common sites for psoriasis, are usually not implicated ;
the rash is common on the flexor surfaces and on the palms and
soles; it is sometimes mixed with other of the syphilitic erup-
tions already deseribed, and in its later stages assumes the
typical coppery colour.

Pustular eruptions are not common in secondary syphilis,
but one form is met with sufficiently often to deserve mention.
This is the syphilitic ecthyma, in which pustules form in the
skin and come to the surface and discharge their contents
without there being at any time marked pain or surrounding
inflammation. After the pustule has burst, a seab forms of a
eircular shape and considerable thickness; it is very adherent,
and often persists for a long time. If removed, a circular
sloughy uleer is exposed, which, when not treated, again becomes
scabbed over, and shows but little tendency to heal. When
cicatrisation does oceur, a circular and permanent scar remains.

Such is a very brief description of the most common forms
of skin eruption met with in secondary syphilis, but, although
they have been treated of separately, it should be borne in
mind that one of the chief characteristics of syphilitic rashes
is that they differ in different parts of the body, and in any
individual case of syphilis several of the above varieties may
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be present at one and the same time. Histologieally, these
cutaneous syphilitic lesions are characterised by a profuse
perivascular accumulation of lymphoeytes and plasma-cells.

Most of the eruptions are liable to assume the copper tint
alter lasting for some weeks, and sears, if formed, are specially
liable to be pigmented.

The cutaneous appendages—the hair and nails—suffer
together with the skin itself. The hairs become loosened in
their sheaths by an extension to them of some of the inflam-
matory processes in progress in the skin, and are shed in great
numbers. In some cases the head becomes completely bald,
and the hair of the face may share in the general destruction.
In most cases baldness is not permanent, and after a time the
hair becomes as thick as before,

The nails are liable to be attacked by a low form of inflam-
mation which extends to the matrix and causes much swelling
and tenderness of the whole finger end. The ensuing ulcera-
tion is most chronic and intractable, and generally continues
until the nail has been removed by the surgeon, for although it
is loosened by the uleeration, it is comparatively seldom entirely
separated.

The mucous surfaces.—At the same time that the eruptions
appear on the skin, the mucous membranes are commonly the
seat of syphilitic inflammations.

On the anus, at the junction of the mucous lining with the
cutaneous surface, * mucous tubercles” or *condylomata ™
develop. These are warty growths with broad bases of attach-
ment, covered by a thin layer of epithelium, and moist from
the constant watery discharge which exudes from them. They
are commonly multiple, and, when excoriated or inflamed, give
rise to considerable pain. They consist of young connective
tissue, and vary in size from that of an ordinary cutaneous wart
to that of a hazel-nut. They are pathologically analogous to the
svphilides which affect the skin; the moist situation in which
they develop accounts for their different characters.

The lips are also liable to be attacked by similar growths,
which seldom attain so great a size as do those around the anus,
In addition, the lips are often eracked, fissured, and superficially
ulcerated. The gums may be in a similar state.

The tonsils arc ulecerated in almost every case of acquired
syphilis. They become swollen and inflamed, and uleers of
circular shape with sharply cut edges penetrate deeply into
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their substance; the base of these ulcers is often sloughy.
Mucous tubereles also are common on the tonsils.

The tongue is sometimes involved in the eruptions which
oceur on the cutaneous surfaces, and is especially liable to be
attacked by the squamous syphilide; mucous tubercles and
superficial uleeration are common around its edges, but deep
uleeration is rare.

The larynx may be simply inflamed, and its mucous mem-
brane slightly swollen, or mucous tubercles and superficial
uleeration, such as oceur on the lips and tongue, may be present,
though they are very rare. It is to the diseased state of the
larynx rather than to that of the tonsils that the hoarseness
which so often oceurs in secondary syphilis is to be attributed,

The nose is not often affected in early syphilis, but its mucous
lining is occasionally inflamed at the same time that the lips
and gums are attacked.

The eye.— The commonest affection of the eye in secondary
syphilis is plastic iritis. This is accompanied by pain and
aching, with more or less photophobia and lachrymation. An
examination shows that the conjunctiva is unduly vasecular, and
the cornea is surrounded by the congested zone of vessels which
1s the usual accompaniment-of all forms of iritis. The aqueous
humour is turbid from admixture with inflammatory products,
and the colour of the iris is consequently blurred and altered
in shade. The pupil is sluggish, often different in size from
its fellow, and sometimes irregular. In the anterior chamber,
on the margins of the pupil, and in the substance of the iris
may be seen beads of lymph. If syphilitie iritis be allowed to
run its course unchecked, the plastic effusion is liable to become
organised, so that the pupil is either blocked by fibrous tissue,
or, more frequently, the iris becomes adherent to the lens
capsule on the one hand, or to the cornea on the other. The
formation of such adhesions is often followed by a very persis-
tent form of chronie iritis, which sometimes results in a gradual
extension of the inflammation to the ciliary processes and
choroid.

The testes are often attacked by plastic inflammation,
usually in the second vear after the commencement of the
disease; one or both glands may be involved. In this form of
orchitis there is a general enlargement of the testis from effusion
into it of plastic exudation, which tends to become organised
into fibrous tissue, but which is generally in great part finally
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absorbed even in eases which are not subjected to treatment;
on section, such a testis will appear more tough and fibrous
than a normal organ. In these cases the inflammation com-
monly extends to the tunica vaginalis, and effusion of fluid into
the cavity of the latter is of frequent occurrence. The epi-
didymis is not usually implicated in the inflammatory process,
and, except for slight cedema, the cord is also free. Such a
testis is painless, and gives no trouble, except by its size. It
is often as large as a hen’s egg, smooth, heavy, oval, not tender,
with marked absence of testicular sensation when subjected to
pressure, and firm to the touch. In eases of long duration, the
gland substance may be compressed by the contraction of the
fibrous tissue, and become atrophied. The organ thus passes
into a condition of eirrhosis entirely analogous to that which
is met with in the liver of drunkards.

The diseases of the bones, joints, and arteries are desecribed
in the chapters devoted to these subjects.

Tertiary Syphilis

The typieal lesion of tertiary syphilis is the gumma, but, in
addition, there is a general tendency to suppurations in various
parts of the body.

A gumma is an inflammatory new growth—an infective
granuloma—in which the cell exudation has a special tendency
to degenerate and form fatty or caseous masses. The exuda-
tion at first is in no way distinguishable from that of a simple
inflammation, and its initial tendeney is to develop into young
fibrous tissue. This development, however, is generally im-
perfect, for the cell-growth is not sufliciently vascularised, and
soon degenerates into a caseous pulp. Nevertheless, blood-
channels are present, and even abundant, at least in the mar-
ginal zone—a feature which distinguishes gumma from tuberele.
The cascous material is always found in the central or oldest
part of the gumma, and is surrounded by the ill-developed
fibrous tissue just mentioned, whilst outside this, again, the cell
proliferation progresses, and causes a constant increase in the
size of the swelling; scattered through the cell infiltration
““ siant-cells ™ are sometimes seen; they are, however, not
nearly so numerous as in tubercle, and usually have neither so
many nuclei nor such definite cell-processes as the tuberculous
mant-cells.  Plasma-cells form an essential constituent of a
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gumma in its earlier stages. Three zones are commonly de-
seribed in a gumma—the outer or cellular, the middle or fibrous,
and the central or casecous. A feature which distinguishes a
gumma Trom other infective granulomata lies in the frequent
evidence of obliterative endarteritis in the arteries which
traverse or lie near it. Special attention should be directed to
this point in doubtful cases.

To the naked eye a gumma presents on seétion the following
appearances :—It is a growth of a white or yellowish-white
colour, and tends to be globular in form. Although it may
be sharply circumseribed, it is nevertheless not encapsuled, and
in some cases it infiltrates the surrounding tissues; its con-
sistence varies; in some cases a gumma is tough and leathery,
in others soft and pulpy and mingled with the produets of
suppuration.

As a gumma inereases in size it is accompanied by all the
symptoms of chronic inflammation, and is often surrounded by
much plastic exudation. If it comes to the surface and dis-
charges its contents, a circular crater-like cavig}-' is left, the
edges of which are much undermined and the base sloughy.
If no treatment be adopted, healing is very slow, and a depressed
scar always results. Gummata vary much in size, the average
growth in the tissues being not larger than a walnut, while
swellings as large as or larger than an apple are sometimes
seen.. The commonest sites for gummata are the muscles and
subcutaneous tissues, but they occur also in the liver, kidneys,
spleen, brain, spinal cord, tongue, bursa, bones, joints, and
testes. In addition to the definite circular swellings to which
the name of gumma should be limited, inflammations with a
tendency to the same formation of caseous matter, but without
the same ecircumseription or tendency to form globular masses,
are common in tertiary syphilis, especially in connection with
the osseous system. To such inflammations the epithet
* pummatous ’ is well applied.

Diseases of the skin and cellular tissue.—Uleers of a pecu-
liarly unhealthy and persistent nature are of frequent oceurrence
in tertiary syphilis. They may form on any part of the body,
but are perhaps most common on the lower extremities. The
base of such an uleer is usually sloughy, and the pus secrcted
scanty and shreddy. The edges are sharply ecut, and are often
crescentic in shape; these uleers sometimes attain a considerable
size, and when occurring on the face may simulate lupus.
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Rupia is a form of uleeration of the skin which is met with
in syphilis alone. Each ulcer commences as a vesicle; this
pustulates, its contents are discharged, and a seab forms.
Beneath the scab ulceration progresses eccentrically, and fresh
scabs are produced. In consequence of the constant increase
in the circumference of the uleer, the more recent seabs are
larger than the earlier ones, and a conical aceretion is thus
formed, which has been aptly compared to a limpet-shell, the
first and smallest scab being at the apex of the cone. If the
whole secab is removed, an unhealthy, sloughy uleer of eircular
shape, and about the size of a sixpence or a shilling, is exposed.
When this has healed, a pigmented cicatrix remains. A secore
or two of such uleers may be present at the same time in a
single individual. A

Diseases of the mucous surfaces.—The tongue may be the
seat of gummatous growths or of deep uleeration. The former
occur chiefly on the dorsum, and often near the tip. Their size
varies from that of a pea to that of a walnut, and, when their
contents have discharged, a typical gummatous ulcer remains.
The deep uleeration may affect the whole dorsum of the tongue,
or a part only of one of the lateral margins. 1In the former case
fissures form, and the whole surface becomes cracked and fur-
rowed. In the latter, deep ulcers, with sharply eut edges and
sloughy bases, develop on the sides of the tongue, chiefly
towards its posterior part, and sometimes closely simulate
epithelioma. Both these forms of uleeration are most persistent
and intractable, and are, morcover, liable to frequent recurrence.

The larynx, like the tongue, is liable to be destroyed in part
by uleeration. This very frequently commences in the epi-
glottis, and may completely destroy it. The ary-epiglottic
folds are also commonly involved, and the destructive process
may extend to the true voeal eords. In bad eases the eartilages
of the larynx are attacked, and either uleerate or necrose. In
consequence of the very considerable formation of fibrous tissue
which follows the uleeration, the glottis is sometimes stenosed,
and dyspncea results,

Similar changes may oceur in the naso-pharynx : perforation
of the septum nasi is not uncommon.

The alimentary traet, as a whole, is remarkably free from
syphilitic disease, for although cases of uleeration of the small
itestines have been recorded, the latter, as well as the ceso-
phagus and stomach, usually escape. The rectum is not so
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fortunate, and extensive uleeration spreading up from near the
anus, sometimes ecauses the formation of numerous fistule,
with thickening of the gut and resulting stricture. In some
cases a fatal result ensues, either from long-continued suppura-
tion or from peritonitis.

Visceral syphilis.—This subject is too large to be dealt with
at any length in the present work, and it must suffice to mention
briefly the chief changes that are found.

The lungs and heart are not often affected, but the former
may be the seat of fibroid induration, and in the latter organ
gummata and valvular lesions may develop.

Fig. 18.—A Testis from a case of Tertiary Syphilis, laid open to
display gummata of various sizes.

The abdominal viseera are more frequently diseased. In
the liver and the spleen gnmmata are common, and in the former
viscus the capsule may become thickened by perihepatitis, and
bands of fibrous tissue may develop in its substance; by the
contraction of these bands the liver becomes puckered, and its
surface deeply fissured and irregularly lobed. Gummata may
form in the kidneys also, but are less common than in the liver
and spleen. In all these viscera there is often, in addition to

other lesions, amyloid degeneration. *

- Both the brain and spinal cord are liable to gummatous
disease, and selerosis may result from the formation and con-
traction of fibrous tissue. The peripheral nerves also are
occasionally the seat of syphilitic inflammation.
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In the testes gummata are met with; they occupy the body
of the gland rather than the epididymis, and are prone to break
down and discharge through the secrotum. A testis with gum-
matous growths is in the ecarly stage nodular and of irregular
shape, and later on is often in great part destroyed ; both testes
may be affected. (See Fig. 18, p. 143.)

The svyphilitic diseases of the eye are both numerous and
destructive; the most important are diffuse inflammation of
the choroid and retina. and chronie inflammation of the iris
and eiliary region.

The discases of the bones, joints, and wvessels in tertiary
syphilis are deseribed in the chapters devoted to these subjeets,

Congenital Syphilis

Syphilis may be transmitted to the offspring by either
parent, but, in the so-called paternal inheritance of syphilis,
the mother is probably always infeeted too, either at the time
of coneeption or, possibly, in some cases, from the child, and
this without the oceurrence of any primary sore. It has been
observed that a syphilitic infant with sores about its mouth
never infects the nipples of its mother, although it may inoeulate
the nipples of another woman, thus proving that the mother is
insusceptible because already syphilitiec.  This is known as
* Colles’ law.” Similarly, when an apparently non-syphilitic
child i1s borne by a syvphilitic mother, it exhibits immunity :
this is known as ** Profeta’s law.”

A syphilitie infant frequently shows no evident signs of
disease at the time of birth, and none may appear for several
weeks. In rare cases the manifestations of the inherited disease
are delayed for years, even to the time of puberty (syphilis
hereditaria tarda). TIn other cases the child is evidently syphi-
litic when born. The disease often results in the death of the
foetus whilst in utero, a fact which readily explains the frequency
of miscarriage in mothers who are pregnant by syphilitie
husbands.

One of the earliest symptoms of congenital syphilis is a
difficulty in breathing, which has earned for the disease the
popular name of * the snuffles.” This is due to inflammation,
and possibly ulceration, of the mucous membrane of the nose,
with consequent catarrh and obstruction to the free entry of
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air. In bad eases, on account of the interference with nasal
respiration, the child has great difficulty in sucking.

Within a few weeks eruptions appear on the eutaneous and
mucous surfaces, especially on the buttocks. The eruption
differs in different cases, and in different parts of the body in
the same case. Sometimes there are rose-coloured spots, and
with these may be mingled others of a distinct coppery colour.
On the palms of the hand and soles of the feet the eruption is
generally squamous, and the epidermis desquamating.  Around
the anus, in the groins, and at the angles of the mouth, mucous
tubercles are common. Oeccasionally the eruption is vesicular,
and large bulle are formed; to such a rash the name of * syphi- 5, Sqibii
litic pemphigus  is applied. The whole skin is, in bad cases,
much wrinkled, dry, and dirty, and the child looks prematurely
old and wizened. Cracks and fissures are common about the
angles of the mouth, and often leave pale radiating scars, which
permanently mark the patient and afford valuable evidence of
the disease.

There is frequently considerable disturbance of the gastro-
intestinal tract, with tumid abdomen and diarrhecea. The
abdominal viscera may be enlarged either by amyloid disease
or by simple congestion and fibroid thickening. The liver in
particular, though it may show no striking change to the naked
eve, i1s commonly found on microscopic examination to present
a diffuse pericellular cirrhosis which is highly characteristic.
The milk-tecth are late in being cut, and are liable to early
decay; they do not, however, exhibit any change which is
typical of syphilis.

The osseous system exhibits lesions which are amongst those
most characteristie of the disease. They have been especially
described by Barlow and Lees in England, and by Parrot
in France. These lesions are of two kinds—(1) atrophie,
(2) osteophytie.

In the bones of the skull the atrophic lesions are of two
varieties. In the one the bone is not diminished in thickness,” Jebobidon,
but its substance undergoes a degenerative change, with the #ye e
production of a gelatinous material, the bone-salts being
removed. In the other there is simple atrophy of the eranial
bones at those parts where they are exposed to the greatest
pressure, the bone being thinned away until the brain is only
covered by a transparent membrane. In this condition—
which is almost exactly similar to that which is met with in) Gamdittue.

10
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rickets, and to which also the name of * eraniotabes ™ is applied
—the soft places in the skull can be readily felt by the finger
during life; this is not the case with the gelatiniform
degeneration.

The osteophytic lesions of the skull are very typical, and
are the result of a chronic periostitis. In them there is a
production of new bone from the periosteum, with consequent
thickening of the calvaria. This thickening ocecurs in very
definite situations, and is almost invariably symmetrical. The

Fig. 19.—Skull from a case of Congenital Syphilis, ﬂ'lm'l.l"inﬁ
the symmetrical bosses over the frontal and parietal bones whic
result from ],IL*]'iI;JHI-iI.i:i.

sites for the thickening are the parietal and frontal bones on
each side of the middle line, and in close proximity to the
anterior fontanelle.  In these situations, rounded, raised bosses
of bone are formed, which sometimes attain a thickness of half
an inch or more, and produce a most peculiar and characteristic
appearance. Skulls so altered in shape are frequently called
*natiform.” It should be added that doubt attaches to the
syphilitic nature of these changes in the skull, for some observers
attribute them entirely to rickets.

In the long bones the atrophie lesions are limited to the
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epiphysial ends. They are characterised by excessive caleifica-
tion of the eartilage matrix, and the consequent formation of
a very imperfect bone, and by the absorption of the bone
already produced. In consequence of these alterations in
structure, the attachment of the diaphysis to the epiphysis
becomes weakened, and complete separation is readily produced
by the application of slight violence. When this separation
occeurs, suppuration occasionally ensues. In these cases of
disease of the epiphysial ends there may be a spurious paralysis,
which is dependent upon the pain caused by movement as well
as on the inherent weakness of the bone. Gelatiniform de-
generation, such as affects the skull, is also met with in the
long bones.

The osteophytic lesions, which here, as in the skull, are of
an inflammatory nature, are much more common than are the
atrophic ones; the bones most commonly affected are the
humerus, tibia, femur, and ulna, although no bone is altogether
exempt. The formation of osteophytes is in some ecases very
extensive, and the osteophytes themselves present various
appearances. In one variety, described by Parrot as the
*osteoid,” there is a production of new bone which is rather
more spongy than the normal osseous tissue, and is deposited
in a series of layers placed one on the other, and each separated
from the one beneath by a layer of medulla. In other cases
the new formation beneath the periosteum is hardly at all
calcified, and consists rather of fibrous tissue of a yellowish
colour, slightly vascular, and simulating the animal matrix of
bone. To this variety of osteophytic growth Parrot has applied
the term * rachitic,” but between it and the osteoid variety all
grades may be found.

The above are the chief forms in which congenital syphilis
manifests itself in the bones of the infant. Later in life other
changes oceur, which are too extensive to permit of lengthened
description.

Chronie osteitis and periostitis are not infrequently met with
in children of about six to twelve years of age. They affect
chiefly the long bones, and in some ecases attack several bones
in the same patient, causing much deformity by the great
thickening, as well as curvature and lengthening, which they
produce.

The joint diseases of congenital syphilis are described at
length in the chapter on Diseases of the Joints. _
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The ecornea may be the seat of interstitial keratitis, an
affection which commences in one eye and goes on to produce
a more or less complete opacity of the whole cornea, but after-
wards tends to clear up, and generally leaves only a few slightly
opaque patches. The other eye begins to be affected at the
time when the eye first attacked is improving, and passes’
through similar stages of disease. The retina, the iris, and the
choroid may be attacked by chronie inflammations.

Deafness is liable to supervene very suddenly in early child-
hood, and to result in complete loss of hearing. It is apparently
of labyrinthine origin, and occurs independently of all external
cause or of apparent change in the conduecting media.

IFFra. 20.—Notched and jageed teeth, from a case of
Congenital Syphilis.

Chronic inflammation of the tympanum, with thickening of
the membrane, 1s also met with in congenital syphilis.

The permanent teeth are in some cases deformed in a very
typical manner. The central incisors are small and ill-developed,
are scparated from one another by a larger space than is usual,
and are deeply notched on their eutting edges. It is to this
notching that the greatest importance is to be attached. The
lateral incisors and the canines are brittle, and the enamel is
broken away at their free edges so as to leave a portion of the
dentine protruding, like the peg of a peg-top, from the rest of
the crown. All the teeth are liable to premature decay. (See
Fig. 20.)

Uleerations of the skin and gummata are of common oecur-
rence in congenital syphilis; they do not differ from similar
lesions in patents who have acquired the disease.
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Wassermann’s reaction.—A more or less specific serum
reaction has been demonstrated in syphilis by Wassermann,
Neisser and Briick, and has proved of high diagnostic value.
In principle the method is one depending on * fixation of
complement *—for full details of which the student must be
referred to text-books on bacteriology. Put shortly the matter
comes to this. The body possesses the power of forming
substances which antagonise alien cells and proteins. Such
antagonising substances are termed *° antibodies,” and are of
varied nature according to the nature of the material to be
antagonised. Sometimes antibodies are naturally present in
the blood, but more often their formation is evoked by the
introduction into the body of the alien material. An alien
material capable of evoking the production of an antibody is
termed an ** antigen.” Thus the blood-corpuscles of a foreign
species of animal, when injected, lead to the formation of an
antibody capable of producing dissolution of the particular
sort of red corpuscle which has been introduced—a specific
haemolysin. Similarly bacteria and other micro-parasites can
act as antigen, stimulating the formation of antibodies of more
than one order : amongst these are baeteriolysins, 4. e. substances
causing the dissolution of bacteria. We know nothing of the
real chemical nature of these antibodies, but we do know one
main fact about the structure of haemolvsins and bacteriolysins,
which agree in this that, in each, two factors are concerned—
(1) an active ferment-like body, destroyved in half an hour at
55° C., which goes by the name of *° eomplement,” and (2) a
specific intermediary body, enabling the complement to attach
itself to the -fﬂur(*ign material and antagonise it, and termed
** amboeeptor  or *‘ immune-body.” The amboceptor is much
less easily destroved by heat than the complement. The latter
appears to be present in normal serum, and to bave no specific
qualities : the same complement seems to be concerned both
in hemolysis and bacteriolysis. When a hsemolytic serum,
which necessarily contains both the specific amboceptor and
the complement, is heated to 557 C. for half an hour it is robbed
of its heemolytic power by destruction of the complement, and
is said to be **inactivated.” But its specific amboceptor is
untouched and it ean be * re-activated by the addition of
normal serum, which in itself is devoid of hemolvtie power,
because thus the needful complement is restored.

When interaction between antigen and antibodies of this
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order takes place, complement is used up, and the fact of its
disappearance may be made manifest by some easily recog-
nisable test reaction such as hamolysis. The principle of all
complement-fixation reactions is as follows. In the first place,
the three primary ingredients in a ** complete haemolytic system *
are requisite. These are (a) red corpuscles, (b) specific ambo-
ceptor, and (¢) complement. Sheep’s corpuscles are usually
emploved : (a) is a suspension of these corpuseles; (b) is the
heated (inactivated) serum of an animal which has been immu-
nised against sheep’s corpuscles; (¢) is furnished by normal
guinea-pig’s serum. If these three things be ineubated together
at body temperature, hemolysis occurs and is manifested by
laking of the blood. But if the guinea-pig’s serum has pre-
viously been submitted, as an ingredient in another antigen-
antibody reaction, to a loss of its complement, the haemolysis
will not oceur. Hence the oceurrence or non-occurrence of the
hamolysis will serve as a test whether or not the previous
mixture was a complete lytic system. If known antigen was
present in this system, the test proves the presence of anti-
body; if known antibody was present, the test proves the
presence of antigen. It was assumed by Wassermann and his
colleagues that in syphilis specific antibodies were present in
the patient’s serum. He used as antigen an extract of the
liver from cases of congenital syphilis,

The procedure was therefore as follows. The heated (inac-
tivated) serum from a suspected case of syphilis is mixed with
an extract of syphilitic liver and with fresh guinea-pig’s serum,
and the three are incubated together at body temperature for
an hour. After this preliminary ineubation, there is added to
the mixture (a) a suspension of sheep’s corpuseles and (&) the
inactivated serum of an animal which has been immunised
against sheep’s corpuscles. A further period of incubation at
body temperature now reveals whether or not hemolysis takes
place. If it oceurs, it is inferred that the complement was not
abstracted from the guinea-pig’s serum during the first stage of
incubation—i. e. that no syphilitic antibody was present in
the patient’s serum, to react with the antigen. If no hamolysis
occurs the reaction 1s positive and the patient is deemed to be
syphilitic. It must be added that careful titration of the
various ingredients is requisite for the suceess of the reaction
and that controls must be employed to avoid fallacies. For
fuller details as to the technique, reference must be made to
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other works; it is only desired here to explain the principle of
the test.

A further point must be mentioned. The reaction was
introduced by Wassermann and his fellow-workers in the belief
that the complement fixation could only occur in the presence
of the specific syphilitic antigen and antibody. This belief
has now proved unfounded. Tt has been shown that an alco-
holic extract of various normal organs (e. g. liver or heart) may
be substituted for the original watery extract of syphilitic liver
used by Wassermann, without impairing the value of the
reaction; even certain chemiecal substances of known composi-
tion, e. g. a mixture of lecithin and cholesterin, may be used
as antigen. The reaction, which at its inception was based on
the strictest scientific prineiples, has thus become empirical
and unexplained. though its practical value is none the less, for
it certainly constitutes the most reliable test for syphilis which
we possess.  Again, experience has shown that the assumed
*“antibody ”* in syphilitic blood may at times be present in
other diseases—such as vaws, sleeping sickness, rat-bite fever,
and leprosy—so that the reaction is by no means of absolute
specificity. In this country, at least, such exceptional facts
do not seriously interfere with the value of the test.

Salvarsan.— The object of all attempts to cure infective dis-
ease 15 to exterminate the infecting agent from the body. No
drug has hitherto been found which ean be introduced into the
animal body in sufficient dose to kill bacteria there without
at the same time killing the host. But in the case of the more
susceptible animal micro-parasites suceess seems in some cases
almost within our grasp, thanks to the labours of Ehrlich. In
his search for a cure for sleeping sickness Ehrlich noted the
power of arsenical compounds to destroy trypanosomes within
the body, but he found that these protozoa rapidly became
immune to its influence. It seemed therefore needful to find
some compound of arsenic which could safely be administered
in such a dose as to kill every trypanosome in the body at one
fell swoop, and he caused hundreds of organie compounds of
arsenic to be prepared and tested with this object.  As regards
the cure of sleeping sickness the quest was not completely
successful, but one of the compounds prepared, given out at
first as No. 606 and now known as **salvarsan,” has proved
of signal serviee in ecertain infections due to animal micro-
parasites, and notably in relapsing fever and syphilis. While
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CHAPTER XVII
TUMOURS

A TumMoUR is a mass of newly formed tissue tending to grow
and persist independently of the structures amongst which it
1s placed. and not serving any useful or physiological purpose.
Thus, a tumour differs in all these particulars from a mere
hypertrophy, which 1s commonly the direet or indirect result
of local changes in nutrition, or is a consequence of inereased
physiological requirements, and which, moreover, instead of
persisting, as a tumour usually does, is liable to subside when
the stimulus which induced it has passed away. In another
respect also a tumour differs from a mere hypertrophy, for,
whilst in the latter the natural shape of the organ or tissue is
preserved, a tumour forms a definite swelling or outgrowth,
which usually spoils the normal symmetry of the part.

From inflammatory swellings a tumour differs in its tendeney
to persist, and not to terminate in resolution or suppuration;
in its origin, which is frequently to all appearance independent
of any exciting cause: and in its intimate structure, which
is usually materially different from that seen in inflammatory
growths.

Again, a tumour being defined as a ** mass of newly formed
tissue,”” it is evident that swellings caused by extravasation of
blood, by displacement of an organ, or by distension with fluid
of a pre-existing cavity, such as the tunica vaginalis or a bursa,
cannot be ineluded under this head.

The most constant and striking feature of a tumour is its
physiological detachment, or, as Thoma expresses it, its
autonomy. It 1s, as it were, a parasitic structure.

£

Causes of Tumours

We know almost nothing of the actual causation of tumours,

though it is possible to indicate some conditions which seem to
153
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act as exciting causes. FEven where a tumour is traceable to
injury or irritation, we are quite unable to say why, in the great
majority of cases, these cause inflammatory changes, while in
the few they lead to a tumour-growth. The following are the
chief views which have been held as to the origin of tumours,
and it is quite possible that more than one of them contains
an element of truth.

Heredity.— There is a popular impression that cancer may
he inherited, and there is some scientific evidence of the in-
heritance of a tendeney to eancer. Breeding experiments with
mice of known cancerous ancestry reveal a somewhat larger
incidence of spontaneous cancer than is found in miece of non-
cancerous ancestry. In men, tumours are so common that
there is little difficulty in eliciting a history of relatives affected
with tumours, in many cases of the kind. Families do, how-
ever, very ocecasionally show a singular disposition of the
tissues to tumour formation for sucecessive generations. But
this does not imply inheritance of cancer itself.

Age.— Some tumours are congenital. Most of these are
of the nature of ** teratomata.” Execluding congenital cases,
tumours are rare in childhood, becoming progressively com-
moner with advaneing vears. Different growths vary in their
age incidence. Carcinoma, for instance, is largely a disease
of middle and advanced life, occurring in glands and other
structures in a condition of physiological decline—e. g. in the
mamma and uterus after the climacterie. Sarcoma is apt to
occur in the earliest years of life as a congenital affection, but
if such eases be excluded its incidence inereases with advaneing
vears. Uterine fibroids grow chiefly during the period of
child-bearing.

Irritation and injury.—There is abundant evidence that
tumours may arise at the seats of injury or chronie irritation.
They may arise in the scars of chronic uleers. The irritation
of soot in the rugm of the serotum, of a jagged tooth on the
tongue, or of a pipe on the lip may result in a eanecrous growth.
A blow may so directly precede a periosteal sareoma or a sar-
coma of the testis as to lead irresistibly to the belief that it
has had some causal connection with the growth. Neverthe-
less, care must be taken not to exaggerate the commonness of
such an antecedent; careful analyvsis has shown that in not
more than about two per cent. of all tumours ean injury be
certainly traced as even a possible exciting cause.



CAUSES OF TUMOURS 155

The parasitic theory of cancer traces its cause to infection
from without by a parasite which has been assigned now to the
bacteria, now to the protozoa, now to the yveasts. There is no
proof whatever that tumours are due to infection from with-
out; the analogy with tubercle is a false one, for tubercle
infects the body by the dissemination of the tubercle bacillus,
whereas a malignant growth does so by the dissemination of
its own cells, which reproduce in new foei growths histologically
identical with the primary foeus, and not derived from the local
tissues of the secondarily infected area. The structures which
have been interpreted as parasites causing eancer have now been
well explained in other ways by modern eytological studies. It is
true that various yeasts and bacteria have been cultivated from
tumours, but no one has yet succeeded in producing a true
tumour by the inoculation of such cultures; such growths as
have been produced seem to have been more of the nature of
infective granulomata. The cells of a malignant growth behave
as parasites; indeed, every tumour is more or less parasitic
on its bearer, but the theory of an external parasite is un-
proven, and, indeed, unnecessary. It must also be remembered
that, of the inmumerable microscopic or macroscopic parasites
known to infest man, there is not one that does not produce a
lesion by an inflammatory process in some form or another.
And it requires much imagination to picture not only an un-
known parasite or parasites as the eause or causes of an immense
variety of tumours, but a parasite which must also cause a
completely different lesion to that produced by all the other
organisms whose action is known and observed.

Theory of included rudiments.—It is certain that many
tumours are of the nature of another individual included in
the tissues of the host. KEvery gradation can be traced be-
tween double monsters and ecases in which one twin is abortive
and included or partially included in the perfeetly developed
one. Most teratomata can thus be well explained—e. g. sacro-
cocevgeal tumours, and the deformity known as epignathus,
Such growths are congenital, but a similar explanation holds
in the ease of ovarian dermoids, which are probably abortive
individuals parthenogenctically developed from an ovam. A
mixture of tissues is found in such tumours, cartilage, bone,
teeth, skin, hairs and even intestinal epithelium, liver, nervous
tissue and retinal structures. Even where such a tumour is
found in other situations, as in the testis or mediastinum,
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it is difficult to conceive of it as other than a misplaced and
abortive individual.

Other tumours undoubtedly arise in portions of tissue
accidentally displaced in the course of the development of
the individual. Thus ** sequestration-dermoids ” occur about
the face and neck along the lines where fissures and clefts close
in the course of development, and the ** mixed parotid tumours,”
which have a somewhat similar distribution, probably own an
analogous origin. Tumours certainly originate in the ** supra-
renal rests ”’ accidentally included in the kidney, or carried

Fi1g. 21.—Median section through an infant’s head, showing the condition known
as ** epignathus.” A lobulated mass, representing an abortive individual, is attached
to the basis cranii, filling and protruding from the mouth.

down in the descent of the generative glands. Any portion of
tissue which has by chance become misplaced in the course
of embryonic life seems more likely than normal tissue to
become the seat of tumour formation.

Cohnheim extended this view, in his well-known embryonie
hypothesis, to all cases of tumour formation. He imagined not
only that displacement of gross tissue fragments might oecur,
but that redundant cell-groups might remain over in the form-
ation of the tissues, and after lying dormant for many years
might wake up in later life and give rise to tumours. This in-
genious theory doubtless aceounts for certain growths, such as
those above mentioned, and the exostoses occurring at the
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epiphysial lines of long bones, but there is no suflicient evidence
of such a general survival of dormant cell-groups as his hypo-
thesis requires. Nor is the stimulus explained which should
arouse such cell-groups to tumour formation in advanced life.

Ribbert’s theory.—Ribbert regards all tissues as possessed
of powers of growth, which are indefinite but are normally
restrained, when development is completed, by the influence
of adjacent cells and tissues. Ie speaks of this influence as
“* tissue-tension.” Anything which disturbs this equilibrium,
such as inflammatory hyperplasia or mechanieal injury, may
liberate the inherent powers of the disturbed tissues and lead
to the formation of a tumour. In his opinion it is not so much
a change in the cells which form the new growth as in the re-
sistance offered by the neighbouring structures, which deter-
mines tumour formation. When, for example, a squamous-
celled carcinoma arises from the epidermis, the primary change,
according to Ribbert, is not in the epithelium, but in the con-
nective tissues, which grow up into the overlying skin and
isolate certain epithelial cells from their natural connections.
Such isolated cells are now free to exercise their own inherent
powers of growth, and the result is a carcinoma. The theory
is based on the microscopic study of very early eases of cancer,
but it is not borne out by experimental facts. It i1s an easy
thing to dislodge eell-groups from their connections, but only
in one or two cases has the experiment been followed by
tumour-growth.

Development and Degeneration of Tumours

Whatever may be the cause or causes of a tumour, when
once it has developed it almost always persists, and com-
monly continues to grow. It is true that some growths occa-
sionally disappear spontaneously—e. g. warts and lipomata;
and that others—e. g. the cancellous exostoses of the long bones
—after a time cease to increase in size. These, however, are
exceptions; and a tumour, as above stated, is characterised
both by its persistency and its tendency to increase.

In some cases the structure of a tumour undergoes changes
in its further development, and, putting aside for the present
the uleeration which is common in malignant growths, it may be
said that these changes are generally of a degenerative nature.

Caleareous degeneration is one of the commonest changes,



158 MALIGNANT TUMOURS

and is often seen in chondromata, and more rarely in fatty
tumours whose rate of increase is very slow, or which have
ceased to grow.

Mucoid degeneration is also seen in cartilaginous tumours
as well as in many of the sarcomata, and is characterised by
a gelatinous, semi-translucent appearance, or else by the for-
mation of a evst containing viseid fluid resulting from lique-
faction of the matrix. The changes in ** colloid ** eancer are
for the most part of similar nature.

Fatty degeneration is met with especially in the epithelial
cells of cancerous growths, but oceasionally in the sarcomata,
and in innocent tumours,

Acute inflammation is a rare complication of malignant
tumours, but is still more rarely met with in innocent growths.
It is characterised by the usual local signs, and may terminate
in suppuration. This may oceur both in ecarcinomata and in
sarcomata—for example in oceasional cases of the former in the
female breast, and of the latter in the neck and testis. It is a
complication to be remembered, for the presence of pus is
usually to be looked upon as contra-indicating a new growth.

But although acute inflammation is rare, chronie inflam-
mation is almost the rule in the zone of tissues immediately
around a malignant growth, which show a typical small-celled
infiltration. Even giant-cells are sometimes seen in this zone.

Necrosis is common in malignant growths., It is seen by
the naked eye as opaque vellowish foei disseminated through
the growth, and these may fuse so as to involve large areas.
Microscopically such foei are found to have lost their eell-detail
and to show no nuclear staining.

Sloughing is a very rare occurrence in tumours, and is
limited to a few instances of large fatty or soft fibrous masses,
and to eancers.

Hamorrhagie infiltration is often seen in soft sarcomata,
and more rarely in other tumours; it sometimes causes a rapid
increase in size of cystic growths, and may thus simulate
malignancy.

Differences between Innocent and
Malignant Tumours

All tumours are, for elinical purposes, roughly divided into
two large groups, the innoecent and the malignant. To the
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special characteristics of each of these groups it will now be
necessary to turn before passing on to consider the structure
of the different forms of new growth.

Malignant tumours differ from innocent ones in the fol-
lowing elinical particulars :—(1) Mode of growth; (2) glandular
affection; (8) dissemination; (4) affection of the general health;
(5) loeal recurrence after removal.

(1) Mode of growth.—All malignant growths tend to in-
filtrate and replace the tissues in which they develop, and in
this respect differ essentially from innoeent tumours, such as
lipomata, fibromata, ete., which simply push the structures
to one side, or displace them, and separate them from one
another. Malignant growths are practically never thoroughly
encapsuled, but blend with and are inseparable from the
structures around them. Into these they grow, causing their
destruction, so that in time the tissues are replaced by the
growth. But, in addition to infiltration, a malignant tumour
increases with much greater rapidity than does an innocent one.
Its blood-supply is large, its cell-multiplication rapid, and
within three or four months it may attain a considerable size.
The skin covering it is at first tightly stretched, but soon
becomes red and shiny; then dimpled, puckered, and adherent;
and finally, giving way, allows the protrusion of a bleeding,
soft, pulpy mass. Exposure to the air is soon followed by
decomposition, with foul smell and fetid secretion, and the
patient is worn out by the combination of septie conditions and
profuse discharge of blood and pus.

(2) Glandular affection.—One of the best-marked and most
widely recognised signs of malignaney is the occurrence of
secondary growths in the neighbouring lymphatic glands.
Enlargement of glands near a tumour may be due to irritation
or inflammation, but these have nothing to do with the alan-
dular affection under consideration, which consists in a repro-
duction in the gland of the exact counterpart of the primary
growth, so perfect that any slight peculiarities in the original
tumour can be easily recognised in the glandular enlargement.

But although glandular affection is good evidence of malig-
nancy, whether the glands shall or shall not be oceupied by
secondary growths in any given case depends on two conditions
—(a) the character, and () the locality of the growth.

As regards the.character, it may be said that, speaking
generally, the carcinomata more often cause glandular affection
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than do the sarcomata, and that the epitheliomata are of
all tumours those most likely to give rise to this complication,
The sarcomata do, however, in many cases affect the glands;
one variety—the melanotic—almost invariably doing so.

As to loeality, carcinomata in certain situations, such as the
asophagus, stomach, and superior maxillary bone, compara-
tively seldom canse secondary growths in the lymphaties;
whilst, on the other hand, sarcomata of the testis almost always
alfect the glands, though similar growths in the breast more
arely do so.  For further information on these points reference
must be made to the chapters on the diseases of the various
tissues and organs.

(3) Dissemination.—The reproduction of a growth in other
parts of the body, often far removed from the seat of the
primary tumour, is justly regarded as evidence of the worst
kind of malignancy. No viscera are exempt, and the bones,
muscles, and eentral nervous system may any or all be impli-
cated. The lungs and the liver are perhaps more commonly
mvolved than any other viscera. As in the case of the glands,
the secondary tumours exactly resemble the primary growth,
and the occurrence or absence of dissemination is dependent on
the structure and position of the primary tumour. The growths
which disseminate most rapidly are the round-celled sarcomata
and the encephaloid cancers.

(4) Affection of the general health,—The term *° cancerous
cachexia  has for long been employed to indicate the wasted
form and enfeebled health which so often accompany the
development of a malignant tumour; and, although the old
idea that the eachexia was of a special kind peculiar to cancers
is no longer upheld, there is no doubt that the general health
does become affected, and that a patient often wastes to an
extent which is out of proportion to the apparent demands
made by the disease upon his vital resources. Emaeciation
becomes more marked when the viscera are implicated, and
special symptoms are developed according to the particular
viscus affected.

(5) Loeal recurrence.—Almost all tumours which show their
malignaney in one of the ways already mentioned are also
prone to recur locally when removed ; but many growths which
do not tend to become disseminated, do tend to reeur locally
and sometimes to affect the glands. Such growths as these are
said to have a * limited malignaney,” the chief of them being
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the fibro-sarcomas or recurrent fibroids of the skin and sub-
cutaneous tissues, the rodent ulcers, and to a less extent the
cutaneous epitheliomata of the body and of the lips. Tn some
cases the tumour recurs time after time in the sear left by the
operation, and may, by its local extension and implication of
vital structures, destroy life without causing any glandular
affection or becoming disseminated in the viscera.

The foregoing distinctions between innocent and malignant
growths are essentiallv clinical, and form the ultimate criteria
by which the innocence or malignance of a given growth is in
the long run to be judged. But there is a further point of
difference between the two types of tumour, and one which is
usually available for immediate diagnosis—namely, their
histological structure. It is a rule to which exceptions are so
rare that they may praetically be left out of consideration,
that innocent tumours are composed of tissue resembling one
or other of the normal tissues of the body, histologically perfect
and adult in type. Malignant tumours, on the contrary,
hardly ever show a structure resembling that of a normal adult
tissue. Their cells tend to be undifferentiated, remaining in a
condition somewhat like that seen in the developing tissues of
the embryo. This resemblance of malignant cells to the un-
specialised type has been termed by Hansemann °° anaplasia,”
and the degree of anaplasia is usually proportionate to the
clinical malignaney of the tumour. A small round-celled
sarcoma is one of the most malignant tumours known, and it
consists of rounded cells in close apposition, much like those of
developing connective tissue in the feetus. The much less
malignant fibro-sarcoma shows an admixture of more or less
adult fibrous tissue. The most rapidly growing and malignant
forms of ecarcinoma tend to exhibit rounded indifferent eells,
no longer resembling the specialised squamous, columnar or
other epithelium from which they may have originated.

In determining, by microscopic examination, whether a
given tumour is innocent or malignant, special attention must
be paid to two points. (1) Is the tissue of normal adult type,
or anaplastic in character? (2) Is there evidence of infiltra-
tion of adjacent tissues at the margin of the growth, or is
the tumour sharply defined? A further character is often
afforded by the presence of irregular mitoses, for the study of
which well-fixed material is required. They are always to be
found in malignant growths on ecareful search, whereas the

11
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mitotie figures in innocent growths are invariably normal and
regular.,

Attention to these histological features, and to the elinical
characters of the tumour, will in the great majority of cases
allow of a correct opinion as to its innocence or the reverse.
Nevertheless, it must be remembered that no sharp line
separates innocent from malignant tumours. There are many
intermediate forms exemplified by the growths of ** limited
malignancy above mentioned. Indeed, one can trace every
grade between the round-celled sarcoma and the fibroma in a
series of types the progressive malignancy of which is paralleled
hy the degree of anaplasia which they present.

Classification of Tumours

The elassification of new growths is mainly based on their
microscopic structure, for we have little else to guide us.  Some
tumours consist of a single tissue, some of two and some of
many. The normal tissues of the body fall naturally into two
groups : those which cover or line its surfaces (epithelium and
endothelinm) and  those which support these (connective
tissues), or form solid organs such as the museles. These groups
cannot be classilied as identical respectively with the epiblast
and hypoblast on the one hand, and with the mesoblast on the
other, for representatives of each can be traced to each one of
the three primary germinal layers.! Ziegler's elassification is
fairly satisfactory. He places tumours in three groups : (1) The
connective-tissue group, consisting of a single tissue only, repre-
sented by the innoeent connective-tissue growths and the
corresponding anaplastie types known as the sarcomas. (2) Fhe
epithelial tumours, glandular and ecancerous, with which he
includes the endotheliomata. These consist always of two
tissues—the special epithelial or endothelial elements and a
supporting connective tissue which carries the blood-vessels.
(3) The teratomata, composed of many tissues, and often eystic
in character. These may represent another included individual,
or a misplaced portion of the bearer.

Tumours present such an infinite variety of detail, and
transitional forms are so common, that they cannot be forced

! Adami has published an ingenious classification of tumours, combining the
embryological with the histological principle. (* Joumn. of Path. and Bact.," vol. viii.
p. 243.) -
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into an artificial scheme of classification. The following table
includes only the commoner types met with. Their general
structure will be deseribed in the succeeding chapters, but
inasmuch as their clinical course and behaviour vary very much
with their situation, they will be dealt with in more detail in
the chapters on the different organs and tissues of the body.

I. CoNNECTIVE-TISSUE GROUP—

Innocent :

Fibroma,
Myxoma.
Lipoma.
Chondroma.
Osteoma.
Lymphoma.
Myoma.
Neuroma.
Angeioma.

Malignant :
Sarcoma.

II. EriTunELIAL AND ExpoTHELIAL GROUP—

I'nnocent :
Adenoma.
Papilloma.
Fndothelioma.

Malignant :

Carcinoma.
Endothelioma malignum.

111. TErRATOMA.



CHAPTER XVIII
INNOCENT CONNECTIVE-TISSUE TUMOURS

Fibromata

Tur fibromata are tumours composed of fibrous tissue, and
just as in the human body fibrous tissue may be loose and
succulent—e. g. in the serotum and eyelids, or dense and firm,
as in the ligaments and tendons—so also the fibromata may be

' ! L 1 ’ _E'brv‘
Fra. 22.—Hard Fibroma, from the subcutaneous tissue.

soft or hard. In the one case they are composed of loose
fibrillar tissue with large spaces and many cells; in the other of
densely packed bundles of fibres eclosely interlaced. The
fibromata grow slowly, and are but slightly vascular.

The soft fibromata are most common on the inner side of

“the upper arm and thigh, close to the axilla or the perineum, and
164
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are more rarely met with in the labia and serotum. on the
sealp, and in the subeutaneous tissue in other parts of the body.
They often attain a considerable size, and may weigh several
pounds. They are commonly pedunculated and pendulous.
Occasionally, fluid acecumulates in the intercellular spaces, and
forms cysts.

The hard fibromata oceur in the subcutaneous tissue, on
the periosteum of the jaw-bones as epulides, or on that of the
bones of the naso-pharynx as fibrous polypi. More rarely they
are seen in the intermuscular septa, on the nerves as *“ false

Fi. 23— Myxoma, showing branching cells lying in a mucoid matrix.

neuromata,”” as well as in the breast, where, mixed with gland
tissue, they are called adeno-fibromata.

Myxomata

Myxomata are tumours composed of mucous tissue. There
are all grades between a soft fibroma and a myxoma, and the
latter may be justly looked upon as a soft fibroma, the inter-
cellular substance of which has been replaced by mucin.  Such a
metamorphosis, if complete, would leave only the branched
connective-tissue cells enclosing spaces containing viseid fluid,
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but it is very rarely that a pure myxoma of such a struecture is
found ; as a rule some intercellular fibrous tissue is present.

The myxomata form soft, gelatinous, semi-translucent
tumours, generally pedunculated, and yielding a viseid fluid on
section. The microscope shows swollen fibrous tissue, and a
network formed by the branching processes of connective-
tissue cells,

Secondary changes are common, for, on account of the
delicacy of their structure, extravasations of blood into the
substance of the myxomata are of frequent occurrence, and
the thin pedicle being liable to become twisted, the tumours
may inflame or slough.

Clinieal characters,—Myxomata may develop at any time
of life, and are almost limited to mucous surfaces, such as the
nose, bladder, uterus, ete., where they form the well-known
mucous polypi. They occur more rarely in the subeutaneous
tissues and in the salivary glands.

Lipomata

Lipomata are tumours composed of fat. They form lobu-
lated growths, and may attain a great size, sometimes weighing
many pounds. They are surrounded by a firm fibrous capsule,
which is elosely adherent to the neighbouring tissues, though
loosely attached to the tumour. Of this fact advantage is taken
in operations for the removal of such growths, the ecapsule
being freely opened, and the tumour easily shelled out from
within it. A lipoma, on section, is of a yellowish colour, and
is indistinguishable from subeutancous fat except by the greater
firmness of its fibrous matrix. Microscopical examination
shows that the fat is contained in connective-tissue cells, which
are held together by a delicate network of fibres. The cells are
larger than those usually seen in normal fat.

Secondary changes are not common in the lipomata, but
in those which are of very long standing, and especially in
those which have ceased to grow, calcification is of occasional
occurrence, When they are very large, and subjected to
pressure, the skin over them is sometimes uleerated.

Clinical characters.—Lipomata are generally met with in
people over middle age, and in those who are stout rather than
in thin subjects. They may occur in the subcutaneous tissue
of any part of the body, but show a distinct preference for the
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dorsal surfaces of the trunk and limbs, and are in some cases
apparently the result of friction or pressure. Common situa-
tions for them are the subeutancous tissue of the neck, shoulders,
lumbar and gluteal regions. Their capsules are attached by
small fibrous processes to the skin, so that the latter becomes
dimpled or puckered if attempts are made to raise it from the
tumour. In most cases lipomata are superficial to the muscles,
though ocecasionally they dip beneath and between the latter.
Other situations in which deep-seated lipomata oceasionally
occur are the spermatic cord, the omentum, and the viscera;
and a few rare cases have been recorded in which lipomata have
occurred as eongenital tumours attached to the periosteum of
the long bones. Such a growth, attached to the greater part
of the shaft of the femur, was removed from a patient in
St. Bartholomew’s Hospital.

Diffuse lipoma is a form of fatty tumour which is not limited
by any capsule. It is simply a local overgrowth of the fat
normally found in the subecutancous connective tissue, from
which it does not differ in any respect. The patients in whom
diffuse lipomata are found are usually stout men over middle
age, and those who are of intemperate habits appear specially
liable to be affected. The most common positions for these
growths are the sub-mental region, where they form pendulous
masses, looking like an exaggerated double ching the bhack of
the neck and post-mastoid regions, where they are usually
symmetrical, the groins, serotum, and abdominal walls,

Chondromata

The chondromata are tumours composed of cartilage.

They vary much in size according to their position and
attachments, are surrounded by a fibrous capsule, and are
often nodulated. Their ecut surface is divided into lobes, and
is either bluish-white, smooth, and glistening, or fibrous and
striated ; some, again, are soft and gelatinous on section, and
present a granular or ground-glass appearance. Each tumour
1s closely attached to its capsule, which forms for it a sheath or
perichondrium. Microscopical examination shows a different
structure in different cases. In some the matrix is hyaline, as
in articular eartilage ; in others it is fibrous, as in fibro-cartilage.
The cells are sometimes enclosed in groups of three or four in
capsules; in other tumours they are not encapsuled, and are
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scattered singly throughout the matrix. The cells vary much
in size even in the same tumour. They are generally round or
oval, but occasionally polyhedral or stellate.

Secondary changes are of very common oceurrence in
chondromata. The intercellular substance in these tumours
is exceedingly prone to undergo mucoid softening, the matrix
being converted into a sticky fluid, and forming cysts. Cal-
cification is also common. It occurs especially in the more
central parts of the growth, the salts being deposited in the

Fig. 24—8ection of a Chondroma. It is composed of pure hyaline cartilage.

intercellular matrix. Ossification is not common in pure
chondromata, but does occasionally oecur.,

Clinieal charaeters.—The chondromata are most often met
with in the bones of the hand, and more rarely in the foot,
the long bones, the scapula, and the pelvis. They grow also
from the rib cartilages, and are specially liable to spring from
two or three of the latter rather than from any single one. In
the soft tissues they are found in the parotid, testis, and breast,
but in these situations the cartilage usually shows an admixture
with tissues of other kinds. It is to be noted that some carti-
laginous tumours of bone, which at first sight appear innocent
in character, recur after removal. Such growths are usually
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very cellular, and the cells are large and irregular; they are
really chondro-sarcomata.

Osteomata

Osteomata are tumours composed of bone. They almost
always grow from some part of the osseous system, and are
fully deseribed in the chapter on Tumours of Bone. Very
rarely, osteomata are met with in the soft tissues, and examples
have been recorded of bony growths in the lungs, brain, and

parotid gland. In the muscles also single bony growths are

Fia. 25.—8ection of a Uterine Fibroid. The tumour is composed
chiefly of unstriped muscle.

met with, whilst in the disease known as “* myositis ossificans »
there is a formation of bone in many parts of the muscular
system.

The lymphomata and lymphangiomata are fully deseribed in

the chapter on the Diseases of the Lymphatie System.

Myomata

The myomata are tumours composed of muscular tissue,
which is almost always of the unstriped or involuntary variety,
and is frequently mixed with much fibrous tissue.
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Myomata form rounded, encapsuled tumours whose cut
surface is firm and fibrous. A myoma is softer than a hard
fibroma, and generally not so white and shiny. Miecroscopical
examination shows that the growth consists of long spindle-
shaped fibres with eentral nuclei, placed with their long axes
parallel, and held in apposition by a framework of fibrous
tissue. The myomata are but hittle vascular.

Secondary changes in these tumours are common, especially
when they occur in the uterus; here they are liable to neerotic
changes which often lead to marked constitutional symptoms.
Old fibro-myomata which have ceased to grow may undergo
calcification,

Clinieally, myomata are found in the uterus and prostate,
and infinitely more rarely in the intestine, stomach, and
cesophagus.

Striped muscle is met with in mixed tumours only, chiefly
in congenital sarcomata of the kidney.

Neuromata

Neuroma is a term which is usually applied indiseriminately
to all tumours growing on a nerve-trunk, those which are com-
posed of nervous tissue being ecalled * true neuromata,” those
composed of fibrous, myxomatous, or sarcomatous tissue being
named °* false neuromata.”

True neuromata are very rare. They may be composed of
either medullated or non-medullated fibres, and cases have
been deseribed in which neuromata in connection with the
central nervous system have been found to contain branched
nerve-cells also.  True neuromata form rounded or oval swell-
ings of small size. The nerve-fibres 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.

The most common form of false neuroma is composed of
fibrous tissue, but myxomata, gliomata, and sarcomata are also
met with. The latter differ from the fibromata in the greater
rapidity of their growth, 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,
homogeneous appearance of a freshly cut surface.

The pressure of a neuroma on the nerve-fibres amongst
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which it lies may cause much pain, may induce sensory or motor
paralysis, or cause trophic lesions of various kinds in the peri-
pheral parts. Neuromata are sometimes multiple, and cases
have been recorded in which tumours were found on almost
every nerve in the body, amounting in all to several hundreds.

The bulbous swellings which form on nerves after injury,
and which are sometimes named “ traumatie neuromata,” are
not tumours in the ordinary sense of the word, and are deseribed
in the chapter on Injuries of Nerves,

Fiz. 26.—Section through a massive Capillary Nawevus. The cells
lining the spaces are of flattened endothelial type, not columnar as
in glandular tissue,

Angeiomata

The angeiomata, or vaseular tumours, are growths com-
posed of blood-vessels, and are commonly divided into two
classes—the simple or ecapillary, and the cavernous or venous.
A cirsoid aneurysm is really an arterial and venous angeioma.

The simple or capillary angeiomata are commonly known as
“neevi,” and are of congenital origin, although their size at
birth is often minute. A simple n@vus is composed of a fibrous
stroma containing many large and thin-walled capillaries,
which frequently present irregular pouches or bulgings, and
anastomose very freely. In almost all capillary nevi there are
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also a certain number of arteries and veins, such as are met with
more especially in the cavernous variety. In certain hyper-
trophie forms of capillary navus, found less often in the skin
than in deeper structures, the vessel-walls are thicker and lined
with a prominent endothelium : they may present, when emptied
of blood, an almost glandular appearance.

Clinieal characters,—The capillary angeioma is found most
often on the face and neck, although no part of the surface of
the trunk or limbs is entirely exempt. In colour cutaneous
nevi vary, but are more often bright red than dusky and blue,
The extent of skin implicated also differs much in different
cases, but the growths are almost invariably but little raised
from the surface, are soft and spongy to the touch, and can be
made to disappear almost entirely by firm pressure,

Many capillary neevi, if left alone, gradually shrink, the
blood-vessels composing them being obliterated.

Cavernous or venous angeiomata are most often found in
the skin and subeutancous tissues, where they form “ venous
navi.”’ They are also not uncommon in the liver. These
tumours somewhat resemble in their structure the erectile
tissue of the penis, being composed of a fibrous stroma enclosing
large irregular cavities or spaces filled with blood, which open
directly into the neighbouring veins and arteries. The cavities
are lined by tesselated endothelium, and appear to be formed
both by dilatation of pre-existing vessels, with absorption of
the fibrous stroma separating them, and by the development of
new vessels,

Clinical characters.—The venous nazvi which involve the
skin as well as the subentaneous tissue, form irregular, bluish,
or purple swellings, which are soft, and capable of being greatly
diminished by pressure. When, however, they are situated
entirely beneath the skin, they may cause but little discolora-
tion. In some of these cases a considerable quantity of fat is
found mixed with the cavernous tissue, and the tumour feels
like an ordinary lipoma. Such growths have been named
* nevoid lipomata.”



CHAPTER XIX

MALIGNANT CONNECTIVE-TISSUE TUMOURS, OR
SARCOMATA

A Sareoma is a tumour composed of connective-tissue cells of
more or less embryonic type, and develops from one of the
various connective tissues of the body. The type of the
sarcoma-cell is the connective-tissue cell, but many of the cells

Fia. 27.—A small round-celled Sarcoma. The cells are all of one
type, with little intercellular material. The blood-vessels are thin
endothelial tubes running naked amongst the sarcoma cells.

of the sarcomata differ from those of connective tissue both in
shape and size.

In a typical sarcoma there is no definite alveolar structure,
though there may be a scanty amount of intercellular material
of a granular or fibrillar nature; the cells are closely packed
and uniformly distributed throughout all parts of a section.
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Blood-vessels are numerous, the smaller vessels having very
thin walls, and often appearing as narrow channels separated
from the eells of the growth merely by a delieate endothelium.
No lymphaties have been demonstrated.

Classification

The sarcomata may be divided into four chief groups : (i.)
round-celled, (ii.) spindle-celled, (iii.) mixed-celled, (iv.) giant-
celled or myeloid.

Fia. 28.—Spindle-celled Sarcoma, composed entirely of spindle cells
in ¢cloze apposition.

Round-celled sarcomata.— These tumours are composed of
round, granular cells, in any individual tumour usually of the
same size throughout, though here and there a bigger cell may
be seen, sometimes with more than one nueleus. The cells vary
much in size, however, in different growths. In some they are
no larger than a leucoevte— small round-celled sarcoma ; whilst
in others they are more than double or treble this size—large
round-ecelled sarcoma. The matrix is usually soft, granular or
homogeneous, and abundantly supplied with vessels.

The spindle-celled sarcomata consist of closely packed, oval,
spindle, fusiform, or oat-shaped eells, which are generally
granular and oeccasionally multinueleated, have no definite cell-
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walls, and are mostly arranged with their long axes parallel to
each other. They vary in size in different tumours, but are
usually all of about the same dimensions in any individual
growth, They are collected in bundles, and are embedded in
a matrix which may be either homogeneous or fibrillated. In a
microscopic section some of the bundles are usually eut trans-
versely and thus appear to be composed of round cells.  Spindle-
celled sarcomata are not so vaseular as the round-celled variety.

Fic. 20.—A “ mizod-celled " Sarcoma. The cells are of varous
shapes and sizes. Some are large and have more than one nuelens;
the distribution of the chromatin iz irregular, and an aberrant mitosis
ig geen in one cell.

The mixed-cell sarcomata are composed of cells of various
shapes and sizes, whose general characters are similar to those
of the round and spindle-celled growth. Not uncommonly
these mixed-celled growths display large irregular multi-
nucleate cells with deeply stained chromatin masses. These
are quite unlike the giant cells of an ordinary myeloid sarcoma,
being much less regular in size and form. Like the myeloids
they may occur in bone, but they are found also in other
situations. Unlike the myeloids they are highly malignant.

Myeloid sareomata are found only in connection with bone,
and are of a relatively benign nature, though they may exhibit
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the phenomena of local malignancy or *infiltration.” They
present a matrix of round, oval or spindle cells, embedded in
which are large, regular, multinucleate cells, precisely resembling
the myeloplaxes of bone marrow : these cells may be twenty
or thirty times the size of the other cellular elements of the
mass and contain twenty to forty nuclei. They will be more
fully deseribed in the chapter on tumours of bone.

Fia. 30.—A Myeloid Sarcoma. Large multinucleate myeloplaxes are seen
seattered through a sarcomatous matrix of round and spindle cells.

Varieties

Although the sarcomata may be primarily subdivided into
the above four groups, they nevertheless present numerous
well-defined varieties which may now be briefly described.

Melanotic sarcomata.— These tumours, which exhibit a high
degree of malignancy, are characterised by the presence of
pigment, which is of a golden-brown colour when seen in minute
quantities, but gives a dark-brown or black hue to the growths
in which it is found. The pigment is often very irregularly
distributed, and occurs both in the cells and in the intereellular
matrix. Most of the melanotie sarcomata belong to the round-
celled group, though some of them are composed of spindle
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cells; in the majority of specimens the matrix is fibrous, and
forms definite alveoli.

Melanotie sarcomata originate in parts which normally
contain pigment—e. g. the skin and the choroid coat of the eve
—and not infrequently commence in a mole or wart, either
spontaneously or when the growth has been irritated by caustics
or imperfect attempts at removal. These growths are extremely
liable to become disseminated in both the viscera and the skin,
and it is very noticeable that in the latter situation none of the

Fia. 31.—A Melanotic Sarcoma. It iz composed of round and spindle
cells, many of which are heavily laden with dark pigment.

tumours ever attain any great size, often ceasing to grow when
little larger than a hazel-nut, The lvmphatie glands in the
neighbourhood of a melanotic growth of the skin are almost
always affected sooner or later by secondary deposits, and in
advanced cases pigment granules may be found in the urine.

Lympho-sareoma.—The lympho-sarcomata are composed of
small round cells, about the size of lymphocytes, enclosed in a
fine fibrillar meshwork of connective tissue, the appearances
much resembling those seen in ordinary lymphoid tissue. They
are merely a variety of small, round-celled sarcoma, originating
as a rule in lymphatie tissue. They are highly malignant.

12
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Glioma and glio-sarcoma.—A glioma is a tumour composed
of neuroglia, and is in many respects an innocent growth, Not
infrequently, however, the neuroglia tissue is mixed with much
round-cell growth, and forms a glio-sarcoma, a tumour which
is softer, less definitely encapsuled, and more vascular than a
simple glioma. Both these varieties oceur almost exclusively
in connection with the nervous system.

Hemorrhagie sareoma.—This is a term applied to certain
forms of round- or spindle-celled growths which evinee a great

Fiz. 32.—A Glioma from the Brain.

tendency to blood extravasations. The hemorrhage, which is
due to the extreme tenuity of the vessels, breaks up the cell
masses, and forms blood-cysts of various sizes surrounded by a
thin layer of the original tumour. Many of these heemorrhagic
sarcomata are liable to be mistaken for simple eysts, the amount
of new growth surrounding the blood being frequently very
slight. The pigmentation resulting from the disintegration of
the red cells is liable to be mistaken for that of melanotic
growth.

Alveolar sarcoma.—In some eases sarcomas show a definitely
alveolar structure, the cells being arranged in groups in the
meshes of a fibrous stroma. Such growths may very closely
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simulate carcinoma, but they often arise in situations where
no epithelium exists—e. g. periosteum. It is held by many
that they are of endothelial origin.

Secondary changes in the sarcomata,—The most common
form of degeneration is that known as “ mucoid.” It usually
commences in the most central portions of a tumour by the
distension of the cells with a clear gelatinous fluid. Gradually
the whole of the cell protoplasm is liquefied, and the mucous
fluid is discharged. In this way cysts are developed in the
midst of the new growth, and in some cases the matrix also
secems to undergo a similar change. More rarely, sarcomata
undergo fatty and caleareous degeneration.

Mixed Tumours of Connective-tissue Type

Between the sarcomata on the one hand, and the innocent
connective-tissue tumours on the other, stand certain growths
consisting in part of cells and in part of more fully developed
tissue. The pure sarcomata are characterised by the un-
specialised nature of their cells; the innocent connective-tissue
tumours by the perfect development of their constituent struc-
tures. In the intermediate class are found growths which,
whilst they consist in part of fully developed tissues, yet com-
prise many more cells than are found in the corresponding
normal tissues of the adult body. These growths are therefore
included under the sarcomata, and a prefix is used to indicate
the tissue with which the sarcomatous elements are mingled.
Thus a * fibro-sarcoma ** or * fibrifying sarcoma ™ 1s a con-
nective-tissue growth composed of a mixture of fibrous tissue
and sarcoma; a ‘ chondro-sarcoma? or *° chondrifying sar-
coma,” a tumour of cartilage and sarcoma, ete.; and between
such growths and sarcomata on the one hand, and innocent
fibromas and chondromas on the other, no definite line can be
drawn.

A fibro-sarcoma is composed of spindle cells and fibrous
tissue, and all grades of development between cells and fibres
can often be seen in the same specimen. These growths were
formerly deseribed as ** recurrent fibroids.”

A myxo-sarcoma consists of a matrix, such as has been
already described under the myxomata, in which are seattered
round cells. Most myxo-sarcomata are sarcomata or fibro-
sarcomata in which mucoid degeneration has ocecurred.



180 COURSE OF SARCOMATA

An osteo-sarcoma is a form of sarcoma occurring in bone,
in which a round- or spindle-celled sarcomatous growth is
developed with and in an osseous matrix; the matrix of the
sarcoma becomes, in faet, converted into bone. Commonly
the sarcoma tissue is seen lying in the meshes of a cancellous
framework of bony trabeculs. At other times the frame-
work, though ecaleified, does not present the structure of true
bone; such growths are often called * osteoid ” sarcomata,

A chondro-sarcoma is composed of a mixture of cartilage
and sarcomatous tissue combined in varying proportions. Or
it may consist wholly of imperfectly formed cartilage, with
large, numerous and irregular cells. Unless care be exercised,
such growths may be mistaken for innoecent tumours,

Naked-eye appearances of sarcomata.—Sarcomata differ
much from one another in appearance. The most noticeable
feature of their freshly cut surface is its homogeneous, strue-
tureless appearance, and the complete absence of fibrillation
or striation: in this the sarcomata differ from almost all other
growths. Those tumours which are purely ecellular are soft,
brain-like, and pulpy, of a dirty-white eolour, and very friable.
Some sarcomata, especially those which are undergoing mucoid
degeneration, present a gelatinous or semi-translucent appear-
ance, whilst others are mottled by blood extravasations. In
proportion as the sarcomatous tissue is mingled with fibrous,
cartilaginous, or other structures, so the appearance on section
of course differs. Some sarcomata present a fairly definite
capsule, but the more cellular forms infiltrate in the manner
common to all malignant growths. The myeloid sarcomata
of bone are specially characterised by their reddish-brown or
maroon colour, and their tendency to form blood-ecysts.

Clinical characters of the sarcomata.—The clinical course
run by the sarcomata differs not only with their microscopical
structure, but still more with the loeality and tissue in which
they develop. The present paragraphs, therefore, deal only
very briefly with this subject, and for further information
reference must be made to the chapters on the tumours of the
different organs and tissues.

Sarcomata occur in the young and middle-aged as much as
in the old, and oceasionally follow injuries, such as contusions.
The more malignant the tumour, the more rapidly it grows and
tends to disseminate. Round-celled growths are the most
malignant of all, and may become widely diffused and destroy




RECURRENCE OF SARCOMA 181

life within six or eight months of their commencement. The
myeloid tumours are the least malignant of the pure sarcomata,
and frequently do not recur after removal. Many of the fibro-
sarcomata of the skin and subcutaneous tissue also show but
little malignancy, merely tending to recur locally if removed,
and not affecting distant organs.

The majority of sarcomata do not affect the neighbouring
lymphatic glands, though whether they do so depends rather
on their position than on their microscopical structure—e. g. a
round-celled sarcoma of the testis almost invariably causes
secondary growths in the lumbar glands, whilst a tumour of
the breast of a precisely similar structure may not cause glandular
infection.

If the skin over them becomes implicated, sarcomata fun-
gate, and form soft, bleeding masses, which discharge a mixture
of blood and pus.

In some cases the structure of a sarcoma varies with its
recurrence, and the recurrent growths may present a different
microscopical appearance from that of the tumour which was
first removed. Thus, the primary tumour may be a fibro-
sarcoma with spindle cells, and the growth which recurs at the
site of operation may be entirely cellular, without any fibrous
stroma, and consequently of a more malignant character. On
the other hand, though far more rarely, the recurrent growth
may be less cellular, and therefore. more innocent than the
primary tumour, and, as might be expected, the elinieal course
differs with the structure. Thus, the recurrent growth may
grow more rapidly than the primary one, and, if again removed,
may recur after a shorter interval; or the reverse may occur,
and the second tumour may grow more slowly, and, after
another removal, may not return until after a longer interval
than that between the first operation and the first recurrence.



CHAPTER XX
INNOCENT EPITHELIAL TUMOURS

Like the conneetive-tissue growths, the epithelial tumours
may be conveniently divided into innocent and malignant, and
as in the connective-tissue growths the innocent tumours are
formed on the tyvpe of some one of the normal tissues of the
adult body, so in the innocent epithelial tumours the adeno-
mata and papillomata are reproductions of the normal glandular
and papillary structures found in different parts. The carcino-
mata, or malignant epithelial growths, on the other hand, are
formed of atyvpical structures which have no exact counterparts
in any of the normal tissues of the adult body, and thus are
strictly comparable to the malignant conneective-tissue tumours
—the sarcomata. All tumours of the epithelial group consist
of at least two tissues—the essential epithelial elements and a
supporting framework of connective tissue, in which run the
blood-vessels supplying the growth.

Papillomata

The papillomata are tumours formed on the type of the
papille which are normally developed in the skin and mucous
membranes.

They consist of a stroma composed of fibrous tissue, which
is in some ecases richly cellular, in others dense and fibrous.
In this stroma are contained both blood-vessels and lymphaties,
the whole growth being frequently very vascular, The surface
is covered by epithelium, which varies in its nature according
to the locality of the growth. In papillomata on the skin the
epithelial - cells are squamous, and are arranged in several
layers; in growths from the mucous surface of the bladder
the cells are of transitional type; whilst in those of the in-
testine the cells are columnar and not arranged in so many
layers.
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The fibrous stroma extends papillary proeesses towards the
free surface, which in the “ simple” papillomata are single
and undivided, but in the * compound ™ papillomata are
branched, giving off processes, which in their turn again bifur-
cate. The surface.of a papilloma is generally irregular and
villous, but is ocecasionally smooth, presenting no signs of
subdivision of the stroma into papilla.

The warts met with on the skin are of many varieties. Not
only are they of simple or compound type, but they vary in the

[M1a, 33.—Papilloma from the Mouth.

amount and structure of the underlying stroma. In almost
every wart, groups of large cells may be seen here and there in
the stroma which from their form and arrangement are re-
garded as of endothelial nature. In the hard and horny
warts these are scanty, but in the soft and fleshy ones (verruca
carnea) they are abundant, and may form the main mass of
the growth, which thus comes to resemble a sort of sarcoma
tissue covered by thickened epithelium. Ziegler classes these
warts as ‘‘ lymphangioma hypertrophicum,” and there is no
doubt that, though in most cases they are absolutely innocent,
it is from their tissue that melanotic sarcomata arise. Many
cutaneous warts show an excess of pigment-bearing cells, and
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these may render the mass brown or black, such growths being
known as *‘ moles.”

Secondary changes are common in papillomata, for their
exposure on free surfaces renders them peculiarly liable to
injury, and thus uleeration and hemorrhage arve of frequent
oceurrence.

Clinically, the papillomata are entirely innocent, and must
be clearly separated from malignant tumours, such as epithelio-

Fic. 34.—Bection through an Adenoma of the Rectum. The gland
tubules are regular in their arrangement, and abundant goblet-cells are
zeen in the columnar epithelium,

mata, whose surfaces are also often covered by papille, but
which differ structurally in the most essential details from
simple papillary growths.

Papillomata are met with on the skin as warts, and on the
mucous membranes of the nares, tongue, bladder, larynx, and
intestines.

In many eystic tumours, intracystic growths, of papillo-
matous structure, grow into and may fill the ecystic spaces.
Such eysts are said to be papillomatous or papilliferous,
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Adenomata

The adenomata or glandular tumours are growths composed
of gland tissue more or less perfectly developed, and are formed
on the pattern of the normal gland tissue found in the different
parts of the body from which they spring.

Putting aside the lymphadenomata, which are deseribed
elsewhere, and the glandular hypertrophies, which are not to
be included amongst the true tumours, the adenomata may be
said to consist of acini and ducts when developing in a race-
mose gland, or of tubes when growing from the tubular glands.
They differ from the malignant epithelial growths or the
*“atypical epithelial tumours * in that, whilst the latter are
not formed after the type of the normal epithelial tissue from
which they spring, the true adenomata are exact or close imi-
tations of glandular structure, the tubes and acini forming them
having a definite lumen, and their epithelium being sharply
defined from the surrounding tissue. The malignant epithelial
growths, again, are not encapsuled, but infiltrate the tissues
amongst which they grow, whilst the adenomata do not in-
filtrate, and are generally encapsuled. Although adenomata
are composed of gland tissue, this is frequently not physio-
logically active, and its secretion, if formed, is not dis-
charged into the duets of the gland in which it grows. In
consequence of this the tubes and acini are extremely liable to
become distended and to form cysts.

The adenomata of the different glands are deseribed in
subsequent chapters.



CHAPTER XXI

MALIGNANT EPITHELIAL TUMOURS, OR
CARCINOMATA

THE carcinomata are tumours growing from, and composed of,
t:pit.hc'liﬂl eells, which are generally contained in spaces or alveoli
whose walls are formed of fibrous tissue. Within the alveoli
the cells are not separated from one another by any stroma or
matrix, and, whilst varying in shape and size, tend to resemble
in their general characters the epithelial cells of the part from
which they spring; they are sometimes multinucleated. The
matrix is vascular, and the blood-vessels run in the alveolar walls,
though they do not penetrate into the alveoli or run amongst the
eells, as do the vessels of the sarcomata. Lymphatics are well
developed and accompany the vessels.
The following are the chief groups of the carcinomata :—

1. Epithelioma, or squamous-celled carcinoma.
2. Rodent ulcer.
3. Spheroidal-celled carcinoma—
(a) Seirrhous.
(b) Encephaloid.
(¢) Colloid.
4. Cylindrical-celled careinoma; adenoid cancer; adeno-
carcinoma. It is often colloid.

Epithelioma !

An epithelioma consists of a new growth of squamous epithe-
lial cells, which not only grow, as in the papillomata, towards
the free surface, but also infiltrate and destroy the subjacent
tissues. Microscopically, these tumours are found to originate in

1 Tt must be remembered that while the term epithelioma is in common use in
this country to denote a malignant squamous-celled growth, it is employed on the
Continent, and especially in France, in a much wider sense for any form of epithelial
tumour, innocent or malignant,
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growths of solid colummns of eells from the rete muecosum of the
inter-papillary processes which are common to all cutancous and
some mucous surfaces. As these ingrowths extend into the
subjacent tissues they throw out lateral branches, which, uniting
with similar offshoots from other columns, form an irregular
epithelial network. At the same time that this ingrowth occurs
an outgrowth also takes place, and a warty excrescence of epithe-
lium develops, the superficial cells of which soon break away, and

Fig. 36.—An Epithelioma from the Skin, showing epithelial invasion of
the deeper tissues and the presence of numerous cell-nests. There is an
inflammatory exudation in the adjacent tissues.

thus expose the deeper parts of the growth. In this way a
malignant ulcer is developed, whose base and edges are alike
formed by the tumour. This disintegration of the superficial
cells may continue with a rapidity equal to that of their develop-
ment, and thus, whilst the new growth constantly extends
amongst and destroys the subjacent structures, the uleeration
generally prevents the tumour from attaining a econsiderable
size. Around the ingrowing columns there is usually evidence
of irritation of the tissues into which the epithelioma is making
its way, for the cells of the new growth behave as foreign bodies
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in respect to the other tissues, and the growing edge of each
column is thus surrounded by much small-cell infiltration, in
which giant-cells are sometimes seen.

The epithelial eclls of which the growth is composed are
usually large, very irregular in shape, often possessing processes,
and occasionally multinucleated. Embedded in the epithelial
columns are eell-nests, which vary much in number and size in
different specimens. They are composed of central cells of a
rounded shape, which in some specimens are much broken down

Fra. 36.—Cell-nests from an Epithelioma, Hhowinﬁl the concentric
arrangement and semi-lunar shape of the outer layers of cells.

and degenerated. Around these are small crescent-shaped cells
with their concavities inwards, and outside these again are layers
on layers of cells, similar in shape, but of larger size. The nests
are formed by the very rapid proliferation of cells at various foei
in the tumour. The cells first formed at any focus are pushed
towards the periphery by the constant and rapid growth of the
centre, and become flattened or erescentie through the resistance
offered by the surrounding tissues. The chief significance of a
nest is that it indicates rapid focal cell-growth, and, therefore,
when occurring in the deeper;parts of the skin, or in the sub-
cutaneous tissues, is very suggestive of epithelioma, for no such
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formations exist under normal circumstances in these situations.
They are not, however, diagnostic of epithelioma, for they may
occur in inflamed skin or in papillomata, and in very rapidly
growing squamous-celled cancers they may be feebly developed.

Loeality.— The most common situations for epitheliomata are
the junctions of mucous and cutaneous surfaces. They occur on
the lips (usually the lower lip) and other parts of the face, the
tongue, the larynx, the esophagus, and the anus; on the penis,
the serotum, the vulva, the os uteri; more rarely on the skin of
the extremities or trunk, especially in the site of old scars, ulcers,
or sinuses, and in the bladder.

Clinical characters.—Epithclioma is essentially a disease of
late life, and is seldom seen before the age of forty. It com-
mences as a warty or papillated growth, which increases rapidly
and infiltrates the tissues amongst which it develops. The
tumour ulcerates early, the uleer having a foul, sloughy base and
raised indurated edges formed of that part of the epithelioma
which has not yet become involved in the uleerative process.
The destruction of tissue is at times very great, and is accom-
panied by much pain. The neighbouring lymphatic glands are
early effected, and in them the epithelioma runs a course precisely
similar to that of the primary tumour. The masses of growth in
the glands commonly attain a much greater size than does the
original tumour, and not infrequently suppurate. Secondary
growths in the viscera are not common, although they do occur,
and death generally results from direct extension to important
structures, and from exhaustion eaused by pain and by discharge
of blood and pus. -

Cystiec epithelioma is a rare variety of the disease which oceurs
in the neck. These growths almost certainly originate from
the epithelium of one of the branchial elefts, and are charae-
terised by their deeply seated situation and by the presence of
large collections of blood-stained serum in their interior. They
simulate abscesses and run a rapid course.

Rodent Ulcer

Rodent uleer is a chronic form of earcinoma of the skin, arising
in the dermis rather than from the surface epithelium. The
exact site of its origin is still not definitely settled, but it is
commonly believed to spring from the sebaceous glands, although
some pathologists refer its development to the hair follicles.
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There is no proof that it originates in the sweat glands. It
thus differs in its origin, as well as in its clinical course, from
an epithelioma, which is essentially an ingrowth of the epidermis
into the dermis,

The cell-growth invades the tissues in the form of large flask-
shaped or irregular ingrowths, frequently separated from each
other by several normal papille and interpapillary processes.
The cells themselves are small and round or spindle-shaped,
being usually not more than one-third as large as those forming
the epitheliomata, and unlike the latter, they do not become
horny or show any disposition to keratinoid changes. They

Fio. 37.—Rodent Uleer from the Face, in the early stage preceding
ulceration. The palisade arrangement of the cells at the margins of
the masses of growth is well seen.

show a great tendency to become vacuolated, and thus form
spaces in the eentre of the ingrowing mass. In most specimens
there are no cell-nests, and these, when present, are very small,
ill-developed, and sparsely seattered. The epidermis is infiltrated
from below, and being destroved after a time, allows of the
protrusion of the cell-growth, an event which is followed by
uleeration or disintegration, as in the ecase of epithelioma.

Loeality.— Rodent uleer is almost limited to the face, and is
most common on the side of the nose, at the inner angle of the
orbit, on the forehead, and the prominence of the malar bone. It
is rare on the lips and chin. It never oceurs on the extremities,
but occasionally grows on the neck and trunk.
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Clinical charaecters.—Rodent ulecer is seldom seen before the
age of thirty-five or forty, but may develop as early as the period
of puberty. It commences as a small pimple covered by smooth
thinned epidermis, which is never papillated like a wart, and the
centre of which, in time, uleerates; the growth of the pimple and
the spread of the uleeration progress with about equal rapidity,
so that at no time is there any large amount of new growth.
Frequently the uleeration heals in one place whilst it extends in

Fia. 38.—Nodent Uleer with sharp-cut edges anid very little new gmwt.h.

another ; but the scar which forms is not stable, and soon again
breaks down.

The growth of these tumours is essentially slow, though the
rate of growth differs somewhat in different cases. An uleer as
large as a sixpence is often found to be a year or more old.
When fully developed, a rodent uleer is a flattened growth of an
irregular shape, with a grey, smooth, and glazed base, devoid of
healthy granulations, and discharging thin watery pus. In parts
a little ill-formed scar tissue may be seen, and the surface is often
covered by a scab. The edges are sometimes sharply cut and not
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raised, but more frequently are both raised and indurated. They
are never papillated or warty like the edges of many epithelio-
mata, but, even when considerably raised, present a smooth,
rolled appearance, the epithelium covering them being’ thinned
and bluish. The lyvmphatic glands are never affected by second-
ary tumours, and the viscera remain throughout free from
disseminated growths. Although large portions of the face are
commonly destroyed, rodent uleer is so slow in its progress that

Fia. 39.—Rodent Uleer with raised, rounded edges, and a considerable
amount of new growth.

the patient often dies from old age or intercurrent disease before
the tumour reaches a vital part, such as the brain. In some
cases the whole of the lips, nose, eyes, and mouth are destroyed
before death oeccurs,

Spheroidal-celled Carcinoma

The spheroidal-celled carcinomata are commonly subdivided,
according to the relative abundance and density of the fibrous
stroma, into ** seirrhous ** and ** encephaloid.” No definite line,
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however, separates these groups. Those in which mucoid
degeneration has taken place are known as ** colloid.”
Seirrhous carcinoma.—To the naked eye a scirrhous car-
cinoma appears as a white, fibrous mass, very firm and dense,
cutting with a peculiar grating or ereaking sensation, coneave on
section, and with an irregular margin. The tumour is not
encapsuled, and at its edge may be seen small masses of fat, or
other normal tissues which are being infiltrated by the growth,
and which have, as it were, been entangled by it, preparatory to
being absorbed. The soft parts round the eancerous growth

Fig. 40—Scirthous Carcinoma of the Breast.

are puckered and drawn towards the tumour by the contraction
of the branching processes which extend from the margins of the
latter.

Examined microscopically, a scirrhous carcinoma is found to
consist of spheroidal epithelial cells lying in a stroma composed
of interlacing bands of fibres, and containing a varying propor-
tion of connective-tissue cells. The alveoli or spaces enclosed by
these bands are very irregular in shape and size, and are smaller
in the more central parts of the growth than at its periphery. The
epithelial cells, though generally spheroidal, vary a good deal in

shape and size, being larger and more fully developed where the
13
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alveoli are large, whilst in the most central parts of the growth
they may often be seen to contain fatty granules. Some of the
alveoli contain as many as thirty or forty cells or more, although
in other portions of the growth the latter lie in groups of but two
or three, or in single file amidst the bundles of connective tissue.

Secondary changes in scirrhous carcinomata are of common
occurrence, for, in addition to ulcerating when they reach a
surface, they are liable to undergo fatty degeneration in their
more central parts or to become the seat of blood extravasations
and cysts.  Very rarely suppuration occurs, and pus is formed in
the substance of the tumour.

Locality.,— By far the most common seat of seirrhous ear-
cinoma is the female breast, but this variety of cancer is also
found in the uterus, wsophagus, stomach, prostate and skin.

Clinieal characters.— Seirrhous cancer i1s most common in
women alter the age of forty. It commences as a firm knotty
lump which is at first painless, and may thus attain a considerable
size before attracting attention. When fully developed the sur-
face of the tumour is irregular, nodular, and very hard, some-
times feeling like a mass of cartilage. Though at first movable,
the growth soon contracts adhesions, and causes puckering and
retraction of the skin and adjacent parts. The rapidity of
erowth varies much in different localities, and in the same
locality in different patients. After a variable time the skin or
mucous membrane covering the tumour becomes involved, and
a sloughing mass protrudes, from which both pus and blood are
discharged. Occasionally the skin, instead of breaking down,
becomes densely infiltrated by the growth, forming over the
alfected region a firm shield of the consistence of eartilage, and
perhaps half an inch or more in thickness, This form is known
as ““ scirrhus en cuirasse.” The lymphatic glands in the neigh-
bourhood are early affected by secondary deposits, and, as time
voes on, the thoracie and abdominal viscera, and more rarely the
bones, become the seats of disseminated growths.

Encephaloid or medullary earcinoma.—This variety of the
spheroidal-celled cancers is of much more rare oceurrence than
the seirrhous growths, To the naked eve an encephaloid car-
cinoma presents a soft, greyish or dirty-white, brain-like mass,
mottled in places by hamorrhages, frequently containing cysts,
and readily reduced to a pulp by slight pressure. It is nowhere
encapsuled,

Microscopically examined, an encephaloid carcinoma consists
[ ]
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of a scanty fibrous stroma enclosing alveoli in which are con-
tained spheroidal epithelial cells. The alveoli are larger and
more regular in size than in seirrhous cancer, and their walls are
much more delicate, being composed of finely fibrillated connee-
tive tissue instead of the dense fibrous stroma of the scirrhous
tumours. The epithelial cells contained in the alveoli constitute
by far the greater portion of the growth. They are large and
round, with definite nuelei, and well-developed cell-bodies ; they
often contain much granular matter and many nucleoli.

Fig. 41.—Encephaloid Carcinoma of Breast.

Locality.—The female breast, testis, stomach, bladder, and
superior maxilla are the parts of the body in which this form of
tumour is most commonly found.

Clinical characters.—Medullary cancers are soft, elastie, or
semi-fluctuating swellings of extremely rapid growth, quickly
involving the skin, readily fungating, causing early implication
of the glands, and disseminating in the viscera with great rapidity.
In many cases life is destroyed within a year of the first appear-
ance of the original tumour. As many of the round-celled
sarcomata were formerly included under the medullary cancers,
these latter growths are generally supposed to be much more
common than is really the case. Their occurrence is indeed of
considerable rarity.
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Colloid cancer.—Colloid cancer is merely a variety of columnar,
seirrhous or encephaloid carcinoma in which the cells, and in
many cases the stroma, undergo mucoid degeneration. To the
naked eye a colloid carcinoma presents an irregular network, the
spaces of which are filled by a clear, jelly-like, or slightly opales-
cent gelatinous substance. The network is most open and the
colloid matter most abundant in the eentral or oldest portions
of the tumour, whilst the periphery is much like that of a

Fia. 42.—8ection of a Carcinoma of the Breast, undergoing colloid or
mucoid degeneration. Many of the cells are distended with mucoid material,

and at one spot the cells have burst, leaving an irregular cavity filled with
NI,

scirrhous growth in its irregular, infiltrating edge, and nodulated
surface.

Microscopically examined, a section shows the alveolation of
the matrix and the masses of epithelial cells common to the other
varicties of carcinoma. Some of the cells are of the same size
and shape as those of the glandular tissue from which the growth
springs, but others are filled in varying degrees with colloid
matter which thrusts the nucleus to one side and distends the
cell-body until it bursts. By a econtinuance of this process in the
other cells, they are gradually destroyed, and their place taken by
the colloid substance which now fills the alveolus. The remains
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of the walls of the ruptured cells can often be seen after their
contents have been discharged. In many cases the fibrous
matrix also undergoes degenerative change, and the fibres
composing it swell up with colloid matter, whilst their outlines
become blurred and indistinct. As the walls of the alveoli are
thus destroyed the cavities of those contiguous to one another
become continuous, and thus in the most eentral or oldest por-
tions of the tumour, as already stated, the network is more open
than at the edges.

Locality.—Colloid carcinomata are most common in the
stomach, but are found also in the breast and intestines, and
more rarely in other parts of the body.

In their clinical characters these tumours do not materially
differ from the scirrhous cancers, although they are not generally
so malignant, growing more slowly and seldom affecting the
viscera ; they require no separate deseription.

The cylindrical-celled earcinomata arc fully deseribed in the
chapter on Tumours of the Rectum. They occur also in the
stomach and small intestine.

Endotheliomata

The recognition of endothelial tumours is of comparatively
recent date, and it is by no means certain which of the many
growths to which an endothelial origin has been ascribed really
deserve the title endothelioma. Many tumours of alveolar
structure—i. e. consisting of groups of parenchymatous cells
enclosed in the meshes of a fibrous stroma—originate primarily
in regions where there is no * epithelium ” to justify their clas-
sification as carcinomata—in connection with the serous mem-
branes, for example, or in the periosteum. Such ecancer-like
growths are presumably of endothelial origin, and all or most of
the tumours hitherto classed as alveolar sarcomata may, perhaps,
be of similar nature. Endothelium is found lining blood-vessels
and lymphatics, including the serous cavities, the minute lymph
spaces of the tissues generally, and the perivascular lymphaties.
We may thus conceive of tumours arising in many situations
from endothelium—of ham-endotheliomata, of lymph-endothe-
liomata, ‘and of perivascular endotheliomata or * perithelio-
mata.” And from the varied character of such endothelia we
may be prepared to find the tumours originating in them of
equally varied microscopie structure,
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Amongst the growths which have been elaimed as endothe-
liomata the following are the chief :—(1) Certain carcinoma-like
growths originating in serous cavities, (2) Tumours of peculiar
structure not uncommon in the meninges. Oceasionally they are
diffuse growths spreading over the surface of the brain, and
clearly originating in endothelium. More often they are solid
circumseribed tumours springing either from the dura or the
pia mater, and compressing rather than infiltrating the brain.
In structure they suggest sarcoma rather than earcinoma, being

Fia. 43.—Section of a Perithelioma from the wmsophagus. The
characteristic H|'|EII:-1,!|,j]];E aof the blood-vessels with sarcoma-like cells is
well shown, Away from the vessels the cells are more sparsely
distributed.

built up of spindle cells, often intermixed with fibrous tissue,
but they invariably show curious concentrie whorls of eells, with
one or two rounded cells in the centre, recalling in a measure the
cell-nests of an epithelioma. Sometimes, and more often in the
fibrous dural forms, the central cells of these whorls are ealeified,
giving a gritty texture to the mass. These tumours are known
by the name of psammoma, and they are found in the pineal
gland as well as attached to the meninges. These intracranial
endotheliomata conform to the type of innocent tumours, yet if
they attain any size, they tend to kill by compressing the brain.
Occasionally they infiltrate and behave in malignant fashion.
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(3) The tissue of fleshy warts of the skin consists largely of cells
which are apparently endothelial, and such warts may often be as
justly classed as simple endotheliomata as of papillomatous
nature. Further, the melanotic sarcomata which arise from them
are often alveolar in structure, and may be of endothelial origin.
There are other anomalous growths of the skin and subeutaneous
tissue which have been regarded as endotheliomata. (4) The
common mixed parotid and mixed palatine tumours are usually
composite growths containing mucoid tissue and cartilage, but
intermixed with these are groups and strings of cells which
have been regarded now as glandular, now as sarcomatous in
nature. These are probably the most essential and important
constituents of the tumour, and they at times form its whole
mass. Most pathologists now agree with Volkmann’s view that
they are endothelial, and that mixed parotid tumours should be
regarded as endotheliomata or myxo-chondro-endotheliomata.
Some, however, are strongly opposed to this view. (5) The
tumour known as * eylindroma,”’ in which hyaline or mucoid
degeneration of certain cells has oceurred, leaving rounded
elear spaces, surrounded by a meshwork of undegenerate cells,
has been regarded as an endothelioma. ** Plexiform sarcoma ™
is also of this nature, but some tumours presenting such charac-
ters—e. g. the multilocular eystic growths of the jaw—are more
probably of epithelial origin. (6) There are certain uncommon
tumours, at times innocent and at times malignant. in which
sarcoma-like elements are grouped around capillary blood-
vessels. The term * perithelioma ™ is applied to these, but no
hard and fast line can be drawn between them and the angio-
sarcomata—-i. e. sarcomata in which blood-vessels form an
essential element in the tumour, and exercise an evident influence
in the grouping of the sarcoma cells. The peritheliomata are
usually regarded as endothelial tumours, arising in perivascular
lymphatics. ** Glioma retinz,” a dangerous intraccular disease
of early childhood, has strong aflinities with such growths.

The somewhat miscellancous group of tumours just men-
tioned is seen to be ill-defined, and may require considerable
revision in the future. Nevertheless, the endotheliomata are
already established as a recognised form of growth. They are
habitually innocent, or at most but locally malignant in their
clinical course, and in this they contrast with the carcinomata,
to which they are, perhaps, most nearly allied. In somse cases,
however, they run a truly malignant course.



CHAPTER XXII
CYSTS

A cysT 1s a closed sae with fluid or semi-fluid contents. The
following groups are generally recognised :—

1. Cysts formed by distension of pre-existing tubes or cavities,
2. Cysts of new formation.
3. Cysts of congenital origin.

The cysts formed by distension of pre-existing tubes or cavities
are the most common, and are developed in different ways.
Thus, mucous cysts are the result of some obstruction to the
ducts of the mucous glands, and sebaceous eysts to a similar
retention of the products of the sebaceous glands, whilst eysts in
the breasts or kidneys result from the retention of the mammary
or renal seeretion.  In other cases, again, the cysts are developed
by distension of a eavity which normally has no duect or outlet.
Thus, eysts of the thyroid gland, enlarged bursae, vaginal hydro-
celes, ete., are the result of an excessive secretion of fluid from
the epithelial or endothelial cells of the respective parts.

Sebaceous cysts.— These are formed by blocking of the duct
of a sebaceous gland, most often by dirt, or by surrounding
inflammation. They are most common on the scalp, face, neck,
and shoulders, and are seen at all ages after childhood. In size
they vary from that of a pea to that of a hen’s egg. They are
situated in the substance of the skin, and the latter, in conse-
quence, cannot be moved freely over the swelling, whilst on the
most central portion of the tumour, a small black speck, which is
the obstructed sebaceous duet, can often be distinguished. When
large, the eyst extends into the subcutaneous tissue.

A sebaceous cyst contains sebaceous matter, the wall of the
eyst being formed by the epithelial cells of the seereting portion
of the gland, arranged in numerous layers, and placed upon a
basement membrane of fibrous tissue.

In some cases sebaceous eysts become inflamed and suppurate,
200
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and thus give rise to abscesses or ulcers which are generally very
slow to heal.

Mucous eysts occur in connection with the glands of mucous
membrane, as do the sebaceous cysts in connection with the
glands of the skin, They are formed by distension of the mucous
glands with seeretion. They may occur on any mucous surface,
and are commonly seen on the lips, the tongue, and the vulva.

Cysts of new formation develop in different ways. Some
result from blood extravasations, as do the so-called ** apoplectic
eysts ”’ of the brain and the arachnoid eysts; others, like the
adventitious bursse, result from the accumulation of fluid in the
lymphatic spaces of the connective tissue, and are commonly
known as serous eysts, whilst a third class are formed in connec-
tion with foreign bodies (e. g. bullets).

Hydatid eysts result from the presence of a parasite in the
tissue. The parasite in question is the larval form of the Twnia
echinococcus, a small tape-worm found in dogs and wolves. The
eggs of this worm are passed in the fmces of the animal, and
obtain access to the human body through the ingestion of impure
water, or of watercress and other such uncooked vegetable matter.
The membrane which surrounds the egg is dissolved in the
secretions of the stomach or intestines, and the embryo, being
freed, passes with the venous blood or the lymph to other parts
of the body. The liver is more often affected by hydatids than
any other organ, probably for the reason that so much of the
blood from the alimentary canal passes directly through it, but
hydatid eysts may occur in any tissue or organ.

The immediate result of the lodgment of an embryo echino-
coecus 1s such an amount of irritation of the surrounding con-
nective tissue that cell-exudation and the formation of fibrous
tissue soon cause the parasite to be enclosed in a fibrous wall or
envelope, which in all cases constitutes the outermost layer of an
hydatid cyst. This layer, derived from the tissues of the host,
may be very vascular, and its vessels are sometimes varicose.
Within this capsule lies the true cyst-wall, in which two layers
may be distinguished. The outer of these 1s composed of a
homogeneous, elastie, laminated membrane of appreciable thick-
ness, to which the name of ectocyst has been applied by Huxley.
Within this is the endocyst, a thin, granulated, non-elastic mem-
brane, from which are produced buds, which afterwards develop
echinococcus heads or scolices. Other and smaller eysts—
daughter eysts—also develop from the lining membrane, and
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themselves also produce scolices. The scolices are not formed
directly from the cyst-wall either of the parent or daughter eysts.
They are formed on small hollow projections large enough to be
seen with the naked eye, and known as ** brood-capsules.” Each
brood-capsule gives rise to a group of scolices.

Fach scolex is about 0°3 mm. in length, but the fore-part of
the body is not infrequently found withdrawn or invaginated into
the hinder-part. Inits parenchyma are numerous round or oval
calcareous particles, and its most prominent anterior part or
rostellum contains a double ring of chitinous hooklets. The
hydatid fluid which distends the mother and daughter eysts alike
is clear and watery; does not coagulate on being heated; has a
specific gravity varying from 1005 to 1012; is neutral or alkaline
in reaction and contains chloride of sodium, but no albumen.
Examined under the miecroscope, the fluid is often found to
contain some of the above-mentioned chitinous hooklets.

If left alone, an hydatid eyst may inerease in size and finally
rupture into the surrounding tissues, may suppurate, or, the fluid
being absorbed, the contents may become converted into a cheesy
or putty-like mass, and the cyst-wall be rolled up on itself and
remain encapsuled in the tissues. In some cases also hemor-
rhage oceurs, and the blood undergoing degenerative changes, the
cyst may be found filled with chocolate-coloured fluid, the
parasite having died. The eyst-wall oceasionally undergoes
calcification.

Cysts of congenital origin appear to be formed by inclusion
of portions of epiblast or mesoblast during the proeess of closure
of the thoracie, abdominal, branchial, or other cavities.

Under the term dermoid eysts are included tumours of two
kinds. The more complex ones are of the rank of an included
*individual,” and probably result from the aberrant develop-
ment of an ovum. They present a wall lined by cutaneous
structures, with a thickening at one point, which often contains
bone or eartilage, and even a rudimentary alimentary eanal.
Long hairs sprout from its surface, and not rarely teeth also.
The cavity of the eyst is filled with hairs and fatty matter.
These dermoids are true teratomata, and occur chiefly in the
ovary, and more rarely in the testis, mediastinum, and elsewhere.
Of different nature are the *‘ sequestration ” or ** inclusion der-
moids,”” now to be desceribed, which arise from accidental defects
in development. They show a cyst-wall formed of true skin,
with papillee, hair follicles, sudoriparous and sebaceous glands.
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They are always of congenital origin, but frequently do not
become noticeable before childhood or puberty. They contain
sehbaceous matter, and increase in size by the constant secretion
of the sebaceous glands which line the eyst-wall and empty their
contents into its cavity,

Dermoid eysts are common at the angles of the orbit and in
the eyelids, where they are always found beneath the deep fascia,
the skin being quite movable over them. They cceur more rarely
in the floor of the mouth and in the middle line of the neck.

SO To0wy. Lo C==O8Y
Fii. 44 —Section of the Wall of a Dermoid Cyst of the Ovary. The

cavity is lined by stratified squamons epithelium ; a hair follicle is =een,
with well-developed sebaceous glands.

In the neck, dermoid eysts are also met with in the lines of
the branchial clefts, and are here called ** branchial eysts.” They
are formed in this situation from the epiblastic tissues lining
the clefts, and are always found beneath the deep fascia.  In the
lines of the branchial clefts also small cartilaginous growths may
develop. They have been called ** aceessory aurieles,” and are
composed of irregular masses of hyaline cartilage, with a little
fibrous tissue. They are often associated with branchial eysts.

Further description of dermoid and other congenital cysts will
be found in the chapters devoted to particular regions.
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Cystic hygroma.—This name is applied to certain cysts of
congenital origin, which are most often met with in the neck and
the axilla; they are also named * hydrocele of the neck.”

These growths are generally seen in young children, in whom
they form tense and painless swellings of various sizes. In some
cases they grow rapidly ; in others they shrink and dwindle away.
In yet other cases they persist, but do not alter in size.

Dissection shows either single or multiple cysts, generally
situated in the submaxillary region, the axilla, or the posterior
triangle of the neck. The eysts are formed by a delicate wall of
connective tissue, with a smooth lining membrane, enclosing
clear serous fluid, and in some eases are not surrounded by any
solid new growth.

More often, however, around and between the eysts is some
soft fibrous tissue, very gelatinous and semi-translucent, and not
unlike Wharton’s jelly in a recently eut umbilical cord. The
hygromata are in fact formed from portions of included meso-
blast, and are composed of a loose connective tissue whose spaces
are distended with fluid.

In solid tumours, also, degeneration eysts are liable to form,
especially in the sarcomata, chondromata, and soft fibromata.
These, however, are not to be included amongst the true eystice
tumours.



CHAPTER XXIII
CONTUSIONS

A coNTUSION 15 a subcutaneous, lacerated wound., The various
soft tissues are torn, and, the vessels being injured, blood escapes
and stains the neighbouring parts. The damaged structures are
repaired by a process of plastic inflammation with organisation
of the inflammatory produets into fibrous tissue; suppuration is
rare, but occasionally occurs.

The amount of the subeutaneous hemorrhage which acecom-
panies a contusion depends on the extent of the injury, the
resistance offered by the tissues to the extravasated fluid, and the
size of the injured vessels. In cases where a large area of tissue,
not containing any important vessels, has been the seat of con-
tusion, the hamorrhage will be diffuse, and will result in the
produetion of a general eechymosis ; but where the injury is more
localised, where the tissues are lax and yielding, or where a large
vessel has been torn, the effused blood is collected into a mass,
and forms a circumseribed extravasation, a blood-tumour, or a
h@matoma.

In the case of a general ecchymosis the following changes
oceur in the extravasated fluid :—The blood elots, and the fibrin
eauses a certain amount of induration. It is subsequently either
replaced by a growth of new fibrous tissue, or, more probably, is
absorbed by the leucoeytes, which are soon exuded as the result
of the injury. The serum and leucoeytes escape into the neigh-
bouring lymphatics, and are thus removed. The red blood-cells
disintegrate, and their colouring-matter is diffused amongst, and
stains, the surrounding parts. The h@moglobin undergoes a
series of changes, which finally result in the production of hama-
toidin, and the colour of the contused parts passes through
various hues, the last being a pale lemon or citron. Crystals
of heematoidin of this latter tint may be found for many months
in the neighbourhood of a contused part.

The removal of the blood which forms a *‘ haematoma ™
205
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requires much more time than the disintegration of a simple
ecchymosis. The coagulated fibrin surrounds the fluid portion
of the blood, and is itsell surrounded by newly formed fibrous
tissue, which results from the irritation of the neighbouring parts
by the mass of extravasated blood. New vessels are formed, and
penetrate the dense wall whieh enecloses the serum and corpuscles,
and after a time the latter are slowly absorbed.  The red blood-
cells disintegrate in the manner already deseribed, but their
colouring-matter, instead of staining the tissues, as in a general
eechymosis, is diffused throughout the serum in which the cells
are suspended, and thus the fluid contents of the hamatoma
become generally stained, and are often of a dark chocolate or
tarry colour. If the serum is now absorbed, the fluid contents
of the blood-eyst become thickened and inspissated, but if
absorption does not oceur, then the hemoglobin gradually under-
goes a series of changes which result in its loss of colour, the
formation of hamatoidin, and the production of a eyst which
may contain an almost elear fluid. Such a condition as this is
more often seen in hsemorrhages into the brain or the arachnoid
cavity than elsewhere.

In other cases, again, the swelling caused by the blood-tumour
never subsides, and a permanent hard lump may persist, which
on section is found to be composed of fibrous tissue. The blood-
clot is said to have become organised, but the exact manner in
which this organisation takes place does not differ from that
about to be deseribed as occurring in the internal coagula of
injured vessels. :

Lastly, where bacteria have gained access to the injured region
so that suppuration ensues, the extravasated blood tends to
decompose. It becomes mingled with the products of suppura-
tion, and together with them is discharged.



CHAPTER XXIV
HZEMORRHAGE AND INJURIES OF VESSELS

H.xMoRRHAGE is the escape of blood from the vessels within
which it should normally remain. The escape may be due to
either disease or injury, but it is with the latter alone that we
are at present coneerned. :

If a wound be inflicted on almost any part of the body bleed-
ing results, but in the very large majority of cases the flow of
blood is arrested without recourse to any artificial means, and it
is only when some large vessel is opened or the patient is a
* bleeder ” that death ensues from loss of blood or syneope.

" It is well known that blood tends to eoagulate when no longer
in contact with the endothelium of -a healthy vessel, and, where
nothing but small capillaries and arterioles have been wounded,
the coagulation of the blood is alone sufficient to plug the aper-
tures in the vessels, and to arrest the flow. But where larger
arteries have been wounded, and the loss of blood is great, changes
oceur in the injured vessels themselves which help to bring about
what is always the final means of stoppage, namely, the coagula-
tion of the blood.

If an artery be cut across, it immediately retracts by virtue of
its elastieity, and, by thus retracting, its bleeding orifice tends to
be covered up and compressed by the tissues amongst which it is
placed ; the flow of blood is thereby diminished, and coagulation
is favoured. Another effect of injury to a vessel is eontraction.
This is not the result of elasticity, but of muscular action which
is brought into play by both the injury and the exposure of the
musele-coat. So greatly is the lumen of a vessel diminished by
this means, that, in small arteries, the blood-flow may be entirely
arrested by 1t alone.

It has already been said that the whole artery retracts within
the surrounding tissues, but, in addition, the internal and middle
coats, which are more elastie than the outer, retract vet more,
and by curling in towards the lumen still further arrest the
blood-stream.
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Lastly, the more blood the patient loses the more coagulable
does the remaining blood become, and the weaker is the heart’s
action and the blood-stream.

In these various ways, therefore, the blood-stream is weakened
in cases of wounds of large vessels, but it must be distinetly borne
in mind that each and all tend to one end, namely, the eoagulation
of the blood. If the latter did not oceur, all the other events
would be useless, and it is by the formation of a clot in the
tissues outside the wounded wessels, the so-called ‘° external
eoagulum,” that the bleeding is temporarily arrested.

This external elot is, then, but a temporary expedient; it is
placed at the end of the bleeding vessel until a sufficient amount
of time has elapsed for the artery to be permanently sealed, and
by the time this result has been attained, the external coagulum
is undergoing absorption, and is subsequently entirely removed.

The permanent occlusion of the injured vessel is accomplished
by a process of plastic inflammation—i. e. by cellular prolifera-
tion, and a subsequent organisation of the latter into fibrous
tissue, Soon after the external elot has been formed and bleed-
ing has ceased, the ordinary phenomena of inflammation make
their appearance at the injured part, the cut ends of the injured
vessels as well as the surrounding tissues become swollen and
more vascular, exudation of inflammatory products results, and
within a few hours the end of the cut vessel may be found em-
bedded in a small mass of lymph. This lymph very shortly
becomes vaseularised by the formation of new blood-vessels from
the vasa vasorum of the injured artery, and finally undergoes
organisation into fibrous tissue in a manner precisely similar
to that which occurs in the healing of a wound by first intention.
In this way the coats of the artery become matted to one another
and to the sheath, and the whole end of the cut vessel is plugged
by a firm mass of fibrous tissue continuous with the scar-tissue
of the wounded cutaneous surface,

At the same time that these changes are in progress, the blood
inside the injured vessel also clots, and the clotting extends a
little way up from the seat of injury, never reaching beyond the
origin of the first large branch given off above the wound. This
clot, in contradistinetion to that outside the vessel, is called the
internal coagulum, and much more importance has been attached
to it as a means of permanent occlusion than it deserves. The
internal coagulum owes its origin either to the stopping of the
blood-stream or to the proximity of the inflammatory exuda-
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tion, for blood always tends to clot where the tissues are in-
flamed. The following changes occur in the clot after its
formation ;—

At first it is of a dark-red eolour, and not at all adherent to
the vessel-wall. 1In a few days it becomes of a lighter hue, and
adherent to the artery; gradually it becomes white and firm,
and in the process shrivels in all its diameters. Finally, it
becomes in part detached from the walls of the artery, and re-
mains attached by its base alone to the fibrous tissue, which by
this time plugs the end of the vessel.

If sections be made of the clot and of the artery which con-
tains it during this process of organisation, the following changes
will be observed :—

At first the section shows nothing but red blood-cells en-
tangled in a network of fibrin. Within a day or two these red
blood-cells have all disintegrated, and connective-tissue cells and
endothelial cells are now seen growing into the clot from the
margin. By the third or fourth day the newly formed vessels
communicate with those of the vascularised lymph at the seat
of injury, and supply the cell-growth with nourishment. By the
eighth or tenth day the whole mass is formed of new cells, which
have displaced and destroyed the original clot and its red blood-
cells, and are already undergoing organisation into fibrous tissue,
The newly formed vessels now shrink and disappear, the voung
fibrous tissue of the clot also shrinks, and, finally, a firm fibrous
plug is all that remains of the internal coagulum.

Of what use, then, is the internal elot ? Tt acts as a buffer,
and prevents the rush of blood, which would otherwise tend
to wash away the exuded lymph from the cut end of the vessel.
It further tends to act as a permanent plug, and although of
itself it would be quite insufficient to stop the forcible blood-
stream in a large vessel, it is yet of some service in this respect.

Contusion of Arteries

Contusion of arteries may either set up inflammatory changes
in the vessel without any definite injury being produced, or may
cause a laceration of the internal and middle coats without tear-
ing the external coat or the sheath., Inthe latter case the effects
of the contusion are precisely the same as those produced by the
application of a ligature, and the inner coats alone give way, on
account of their more brittle nature. The torn coats curl in

14
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towards the lumen, and obstruet the blood-stream. Very soon
after the injury, coagulation of the blood commences at the
injured spot, and the artery is gradually occluded both by the
coagulated blood, and later on by the formation of fibrous tissue
produced for the repair of the damaged vessel. The condition
of the limb below the seat of injury is exactly the same as it would
be after ligature—cold, white and pulseless. If the eollateral
circulation be suflicient to keep it alive, all will go well; if not,
gangrene will ensue.  Unfortunately, however, cases of partial
laceration of an artery are seldom uncomplicated. The injury
which damages the vessel is very likely to implicate its accom-
panying veins, and, if the eireulation in the latter be also arrested,
the chance of the oecurrence of gangrene is greatly inereased.

Rupture of Arteries

Complete subeutancous rupture of a large artery is an accident
of rare oceurrence, and is more frequently seen in the popliteal
and brachial than in any other vessel. The immediate result of
complete rupture is the rapid extravasation of blood into the
neighbouring soft tissues.  Foreibly driven by the heart’s action,
the blood may be propelled to considerable distances along the
faseial planes, and the whole limb becomes livid, swollen, pulse-
less and ecold. At first the swelling situated over the injured
vessel pulsates, but, as the parts become more and more filled
with coagulated blood, it is impossible for the heart to distend
them further, and pulsation ceases.  If nothing be done, gangrene
will ensue, not only because the arterial flow is interfered with,
but also because the extravasated blood causes pressure on the
veins, and so prevents the return of the venous blood. Tt is of
the utmost practical importance to recognise this latter fact, for
if any attempt were made to treat the ecase by ligature of the
artery above, as though it were one in which the effused blood
was in a definite sae, gangrene would inevitably ensue,

Traumatic Aneurysm

Rk

A traumatic aneurysm is a = tumour containing blood com-
municating with the ecavity of an artery,” and resulting from
an injury.

Traumatic aneurysms may be caused either by open wounds
or by subcutaneous lacerations of an artery. In the former case
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the vessel is usually opened by a missile such as a bullet or frag-
ment of a shell, or by a puncture with a sharp instrument,
which is at onee withdrawn; hemorrhage immediately ensues,
but is arrested by pressure. The pressure, although sufficient to
prevent the egress of blood from the skin-wound, does not suflice
to prevent it from slowly leaking out of the wounded artery. A
colleetion of blood is thus formed in the surrounding tissues, and
these, being irritated by its presence, become matted and con-
densed by fibrous tissue. By this condensation, the further
extravasation of blood is prevented, and an ** ancurysmal sae ™
i1s formed, which soon becomes thickened and strengthened by
coagulation of some of the blood within it. It is immaterial
whether the original haemorrhage be arrvested by artificial pressure
or by the resistance offered to the escape of blood by the muscles
and fasciz through which it flows.

In other cases an artery is subeutaneously torn or otherwise
injured without any skin-wound being eansed—e. g. in fractures
or dislocations, as well as, more rarely, in simple contusions,
Under these circumstances, as in punctured wounds, the resist-
ance offered by the surrounding parts is often sullicient to prevent
a wide extravasation of the blood, and the latter becomes limited
by eondensation of the soft parts, and by clot, in the same way
as in the former case.

Another mode of formation of traumatic aneurysm has been
deseribed, but is of somewhat doubtful occurrence. In pune-
tured wounds of arteries which have healed, the resulting sear is
supposed to become distended by the blood-pressure, and an
aneurysmal sae is thus formed by dilatation of the vessel at the
seat of injury.

The limitation of the flow of blood by the formation of the
sac is to be regarded as the first step towards the healing of the
injured artery. If no sac were formed, gangrene would ensue,
but, the escape of blood having once been limited, the tendeney
to a natural cure is very considerable, and any aid afforded by
rest and artificial pressure is most likely to bring about a gradual
filling up of the sac by the deposit of laminated fibrin from the
flowing blood, and to result in the subsequent ocelusion of the
injured vessel. In other cases the ancurysm inereases, and by
its pressure on the vessels may lead to gangrene of the limb.
The same result may also be brought about by the giving way of
the sac and the escape of its contained blood into the neighbour-
ing parts.
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Arterio-Venous Aneurysm

An arterio-venous aneurysm is an abnormal communication
between an artery and a vein. There are two varieties. In the
one, the communication between the two vessels is direct; in
the other, the blood passes through an aneurysmal sac placed
between the communicating trunks. The first variety is called
an aneurysmal varix ; the second a varicose aneurysm.

Arterio-venous aneurysms frequently complicate gun-shot
wounds and were of common oceurrence during the recent war.
They may also be caused by punctured wounds with any small
pointed instrument. They oceur wherever large wveins and
arteries lie in close contact, and are consequently seen in the
groin, the thigh, the neck, the axilla, or the arm.

They are produced as follows :—Both vessels are, as a rule,
simultaneously wounded, but i1t 1s possible that in a few cases
there is at first only a contused wound which does not open both
vessels, the communieation occurring a few days later in conse-
quence of sloughing of the damaged coats. External hsmor-
rhage is arrested either by artificial means or else by the resist-
ance offered by the surrounding parts. The blood flows in
the direction of the least resistance, and this in the case of the
artery is frequently into the wounded vein. In many instances
the wounded wvessels become adherent by the inflammatory
effusion which is poured out for their repair, and the blood
continues to pass directly from the one into the other—aneurys-
mal varix.

In other cases the extravasated blood separates the vessels
from one another, and a traumatic aneurysm is formed between
the artery and the vein; through this the blood eirculates in its
transit between the vessels—varicose aneurysm. Occasionally
the arterial blood eseapes not only into the vein, but also into the
surrounding tissues. The quantity effused may be sufficiently
great to endanger the vitality of the limb.

More rarely, arterio-venous aneurysms are formed indepen-
dently of injury, and sometimes result from the opening of an
ordinary pathologieal ancurysm into a neighbouring vein.

The two forms of arterio-venous aneurysm are not equally
serious.  An aneurysmal varix often does not tend to inerease in
size, whilst a varicose aneurysm pursues the course of any
untreated aneurysm, and tends to inerease.

In either ease, the veins below the communieation become
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tortuous, distended, and thickened, whilst the arteries above it
tend to become, not only dilated, but thinned to such an extent
that their ligature, if attempted after the lapse of years, is
extremely likely to be followed by secondary hemorrhage. The
distended veins pulsate almost as foreibly as do arteries, and the
finger placed upon them at once detects a well-marked thrill.
- Over the seat of communication, a loud, continuous, humming
bruit is always heard, which may be propagated for a consider-
able distance along the limb. The pulse is almost always
increased in frequency, and in some cases a cardiac bruit may
be heard.

The chief danger of arterio-venous aneurysm is rupture and
h@morrhage. In some cases, independently of such an accident,
the use of the limb is much interfered with.,

On the Changes produced in the Vessels by the various
Methods employed for the Arrest of Hemorrhage

All the methods of treatment employed for the arrest of
haemorrhage aim at one object, namely, its temporary arrest.
By none of them can the vessel be permanently oceluded; the
most that ligature, torsion, acupressure, ete., can do is to take
the place of the external clot, and arrest the heemorrhage for a
sufficient length of time to allow of the permanent healing of
the injured artery.

Pressure acts mechanically, by obliterating the lumen of the
injured vessel, and so preventing the further escape of blood.

Acupressure is only another means of applying pressure.

Stypties induce the formation of an external elot.

Cold causes contraction of the cut artery and a narrowing of
its lumen.

Ligature.—When a round ligature is applied to a vessel and
tightly tied, the internal and middle coats, being brittle, are cut
across, and the external one, being tough and resistant, is drawn
in by the ligature, and obstruets the flow of blood. The material
of which the ligature is composed exercises no influence on the
behaviour of the vessel which is tied, but the width of the ligature
is of importance. If it is round and narrow, the inner coats are
certain to be cleanly eut. If broad and flat, the coats may not
be cut at all, but may all be drawn together, as is the external
coat alone when narrow ligatures are used. The permanent
closure of the vessel by the exudation and organisation of plastic




214 TORSION

lymph, and the formation and organisation of an internal clot,
do not differ from the processes already described in dealing with
the natural arrest of haemorrhage; and Ballance and Edmunds
have shown that the mode of ocelusion by fibrous tissue is the
same, whether the inner and middle coats have been divided by
the ligature or not, although the amount of exudation and of
fibrous tissue is less when these coats have not been divided.
If the ligature be of soft animal tissue, such as catgut, it
will not act as a foreign body with respect to the artery which

FiG. 45.—Artery soon after Liga- Fig. 46.—Artery filled with an
Lure, showing the inner and middle Internal Clot.
coats retracted.

it encireles, and, if it be aseptie, suppuration will not ensue.
If. however, the ligature be not rendered aseptie, then so long
as it remains in contact with the vessel-wall, inflammation will
continue, suppuration will ensue, the artery-wall will uleerate,
and gradually the ligature will cut through the external coat,
and be cast off.

Torsion.—In torsion, the end of the cut artery is seized and
twisted several times transversely to its long axis. The result
of this treatment is the rupture of the internal and middle
coats, as by the application of a ligature, and the twisting up
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of the external coat so as to form a sort of plug at the end of
the torn vessel. Sometimes this twisted external coat sloughs,
on account of the interference with its blood-supply, but this is
not usually the ease. The permanent closure of the vessel occurs
in the manner already deseribed.

Recurrent and Secondary H@morrhage

Bleeding which re-commences after having been onee arrested
is called either recurrent or secondary. The term recurrent is
sometimes limited to the hmmorrhage which oceurs within
twenty-four hours of injury, but the definition is purely arbi-
trary. Secondary hemorrhage is most common during the first
fortnight after injury, but may occur at any time before the
wound is healed.

There are three main causes of secondary hemorrhage, using
the term to include the recurrent wvariety—first, acecident ;
secondly, unhealthy conditions of the wound ; thirdly, disease of
the vessels.

(1) The accidental causes inelude such things as the use of a
piece of bad ligature, which softens and gives way too soon; the
overlooking of a wounded vessel, which does not bleed at the
time the wound is inflicted, either because it contracts from
exposure, or else because the patient is faint; the tying of a
ligature badly, so that the knots slip; an accidental contusion
of the wounded part, and the displacement or tearing open of
recently formed clot or inflammatory exudation. If in any of
these ways the ligatures which have been employed for the
temporary arrest of haeemorrhage are displaced before the artery
is permanently sealed, hamorrhage will occur.,

(2) By far the most common cause of secondary haeemorrhage
is septic infection of the wound. So long as a wound is healthy,
and is healing either by first intention or by granulation, there
is little fear of secondary hsmorrhage. The condition of the
wound may be taken as the index of the conditions of the vessels
and their contained clots. If the former is healing well, it is
pretty certain that the ends of the arteries are being firmly
plugged by fibrous tissue, and that their internal clots are under-
going organisation. If, however, the wound is sloughy, or the
seat of infection by pyogenic organisms, then it is exceedingly
probable that reparative processes are not progressing favourably
in the cut vessel, and that the clot is tending to disintegrate.
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It is evident that under these cireumstances secondary hemor-
rhage is likely to ensue, for not only may there be a failure in the
organisation of the inflammatory products, but the ends of the
- vessels themselves may be involved in the destruetion, and may
slough or become so much softened that the ligatures which
encircle them may cut them through. Further attempts at
securing the artery may be thwarted by the fact that the softened
vessels will not admit the application of a ligature, however
carefully applied. The comparative rarity of secondary hemor-
rhage in civilian practice is due to the introduction of aseptic
methods in surgery. Formerly, when unsterile silk ligatures
were used, the sealing of the vessel was brought about, almost
necessarily, by a process of septic thrombosis, in which the
suppurating and friable clot was only too likely to break down
prematurely. In the recent war secondary hsmorrhage was
extremely common and ecaused many deaths where there were
open and septic wounds. Its occurrence was only checked by
early excision of damaged and septie tissues and foreign
bodies, and subsequent suture of the wound.

(3) A diseased condition of the injured vessels predisposes to
secondary hwemorrhage in two ways. First, when tied, the
ligature is liable to cut its way quickly through the softened
wall; or, when twisted, the twisted end is liable to slough.
Secondly, on aceount of their unhealthy condition, the reparative
processes which ensue upon injury, and which normally secal a
healthy vessel, are liable to be themselves of an unhealthy nature,
and the inflammatory products either do not develop into fibrous
tissue at all or do so only very slowly,

Injuries of veins.—Wounds of veins frequently heal without
ocelusion of the vessel, and, if elean eut, without any apparent
cicatrix. A wounded vein heals more readily than a wounded
artery, on account of the much more feeble blood-stream in it.
The mode of healing is identical with that met with in the other
soft tissues, namely, by plastic inflammation, with a consequent
exudation and subsequent organisation into fibrous tissue.

Air in Veins
If air be mingled with the venous blood, it prevents the proper
circulation of the latter through the lungs, obstruets the right

side of the heart, and may cause death, The condition is often
known as ** air-embolism.”
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A wound in a vein does not permit the entrance of air exeept
under certain conditions. If under ordinary circumstances a
vein be incised, either the blood rapidly escapes from it or the
atmospheric pressure causes its collapse:  If, however, a vein be
held open—e. g. if in removing a tumour traction be employed at
a time when a venous trunk is wounded, and especially if the
wounded vein be near to the thorax, and its contained blood be
brought under the influence of the suction produced by deep
inspiration—then air is liable to pass with the blood-stream to
the right side of the heart. The entrance of air is usually
accompanied by a hissing or gurgling sound, and is immediately
followed by urgent dyspncea and laboured cardiac action.  Such
an accident most frequently occurs in operations at the root of
the neck, where the veins are large, are close to the thorax, and
are more or less held open by the deep fascia.  If much air enters
in such a case, death results, the right side of the heart becoming
distended with a bloody foam which ecannot be foreed onwards.



CHAPTER XXV
FRACTURES

A FRACTURE is a solution of continuity of a bone. If the broken
ends of the bone are not exposed to the external air through the
medium of a wound, the fracture is said to be a simple one. If
the reverse is the case, the fracture is compound,

A comminuted fracture is one in which the bone is broken
into more than two pieces.

A complicated fracture is one in which the fracture is com-
plicated by some injury to important neighbouring structures
e. g. the tearing of a main artery, extension into a neighbouring
juint, dislocation of the fractured bone, ete.

Again, the direction in which the line of fracture traverses the
bone supplies the means for further classification. Thus a
transverse fracture is one in which the bone is broken at right
angles to its long axis; an oblique fracture, where the line of
fracture is oblique. Simple transverse fractures are most
common in children, and are usually accompanied by but hittle
displacement,

Union of Simple Fractures

The fracture of a bone is followed by extravasation of blood,
as in the case of injury to any other vascular structure, but here,
as elsewhere, this effused blood takes no part in the healing of
the injured tissue, and is itself completely absorbed in the
manner already deseribed in the chapter on Contusions.

The way in which a fractured bone is united differs in
no essential particular from the healing of a wound by first
intention, and, like the latter, is the result of a process of plastie
inflammation set up by the injury. Soon after the fracture, the
ends of the broken bone become hypermmic, exudation ensues,
new blood-vessels form, and the neighbouring bone is softened.
The medullary canal. the space between the broken ends, the torn

periosteum, and the surrounding soft tissues are thus filled with
218
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an interstitial granulation-tissue of precisely the same nature as
that which joins the flaps in the case of wounds of soft struectures,
but which in the case of bone is called eallus.

In the chapter on Inflammation it has already been said that
suppuration is caused either by persistent irritation or else by the
presence of micro-organisms, and in simple fractures neither of
these causes is usually found. Suppuration, therefore, is scarcely
ever seen, and the inflammatory process set up by the injury
stops short at the production of a sufficient amount of new
material to unite the broken ends, and
a sufficient softening of the osseous
structure to ensure their proper weld-
ing together.

Of the inflammatory new forma-
tion, or callus, there are two varieties :
the one is called * definitive” or
permanent; the other * provisional ”’
or temporary. The definitive callus is
that which lies between the fractured
ends themselves; the provisional is
found both within the medullary canal
and outside the bone, beneath and
around the periosteum,

If the callus be examined at various
times during the union of fractures, it
will be seen that it undergoes develop-
ment into fibrous tissue just as does

Fi. 47.—Diagram of a Frac-
: : ; y ture undergoing repair. . kx-
the granulation-tissue in the healing ternal callus beneath the peri-

ostenm. 8. Intermediate callus.

of soft parts; but in the case of bone, ™ Fo s,

on account of the influence exercised
on all inflammatory products by the mother tissue, a further
development into true hone occurs, in exactly the same way
as in a wound of a tendon the inflammatory new f[ormation,
although at first only formed into fibrous tissue, is subsequently
developed into tendon. Oeccasionally in man, and commonly
in animals, the developing callus passes through a cartilaginous
stage. 3

The amount of provisional callus that is formed depends on
the amount of movement to which the broken bone is subjected,
and this is just what might be expected, considering that niove-
ment is likely to keep up the inflammatory process, and, as a
consequence, to increase the amount of inflammatory exudation.
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The eallus which is first developed into bone is the provisional
callus, and, in consequence, the broken ends become fixed by a
mass of bone which encireles them, and by another mass within,

Fig. 48.— A Fractured
Humerns some weeks after
injury. The external and
internal calluz are osszified,
but the intermediate callus
has not yet been developed
into bone.

which, passing right through the
medullary canal of each fragment,
greatly assists in keeping the ends in
good apposition. Where, however, this
apposition is maintained by artificial
means such as splints, but little pro-
visional callus is produced. After some
weeks the definitive callus is formed, and
from this time that which is temporary
is gradually removed. Its total removal
is necessarily the work of time, and the
more of it there is the longer its removal
will oceupy. In consequence, it is some-
times many months, perhaps a year or
more, before its obliteration is complete.

Union of Compound Fractures

A compound fracture may, and often
does, unite in precisely the same way as
a simple fracture. In other cases the
process of union is complicated by
suppuration.

Now, this is precisely what occurs in
wounds of the soft tissues. Frequently
the wound unites by first intention—
i. . without suppuration ; in other cases,
suppuration and union by granulation
result.  The cause of the suppuration in
the wounds of the soft tissues and of
bones is identical. It is almost always
the result of contamination by micro-
Organisms.

If, therefore, in the case of a com-
pound fracture the wound be thoroughly

cleansed and closed it will heal by first intention and the fracture

will do the same,

If, however, the wound be not closed, and become septic,
then the inflammatory process will progress, pus will be formed,
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and the granulating ends of the bones will be exposed. Union
will in time take place, at first in exactly the same way as in
granulating wounds of the soft parts, namely, by the growing
together of the two granulating surfaces, and subsequently by
the formation of bone in the young fibrous tissue,

In some cases of compound fracture followed by suppuration
portions of the bone die, or necrose. Such a result is most
frequent when the broken hone is comminuted and the fragments
are detached from their vascular connections. When the bone
dies suppuration always continues, and union will be delayed
until the necrosed bone has been separated and cast off. The
subject of necrosis is dealt with at greater length in the chapter
- on Diseases of Bone.

Non-union of Fractured Bones

Occasionally, fractures fail to unite by bone, and, although
the broken ends may be more or less fixed by fibrous tissue, such
cases are spoken of as ununited fractures,

The eauses of non-union are various, but may be grouped into
two main classes—{first, local ; second, constitutional. Of these,
the former are the more important, and will be first considered.

The loeal causes of non-union are three : (1) want of apposi-
tion ; (2) want of rest; (3) want of blood-supply.

Want of apposition is probably the commonest eause of non
union. It may be brought about in various ways. In gunshot
wounds large fragments of the shaft of a bone may bz com-
pletely shot away, or may subsequently necrose. In many
cases the contraction of museles inserted into the fractured bone
separates the fragments, as is well seen in fractures of the coracoid
or olecranon processes, of the condyles of the humerus, of the
neck of the femur, ete. In other instances portions of museles
may be caught between and keep apart the broken ends.  Inthe
case of transverse fracture of the patella, more causes than one
are in action, for the broken ends are separated by the inter-
position of the torn aponeurosis, by the contraction of the
quadriceps extensor, and by the effusion of fluid into the knee-
joint, which floats the fragments up and keeps them apart.

Want of rest is of less importance than want of apposition, but
it occasionally prevents bony union. If callus has been formed
and is in process of organisation, there can be no doubt that the
recently formed fibrous and osseous tissue may be readily broken
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down by eareless movement. It will, however, be again repro-
duced, and it is only when this breaking down has frequently
occurred that bony union fails ; for, in the large majority of cases
in which a fracture remains ununited from want of rest, firm
union will rapidly result from adequate surgical treatment.

Want of blood-supply is very seldom the sole cause of non-
union. In fractures of the lower third of the humerus, the
comparative frequency of non-union has been attributed to the
fact that the line of fracture traverses the nutrient artery; and
the failure of union of intra-capsular fractures of the femur is
also attributed to the scanty blood-supply to the head of the
bone. It is more probable that the fracture of the humerus fails
to unite from want of rest, and that of the neck of the femur from
failure of apposition.

Interference with the cireulation by venous thrombosis in the
neighbourhood of the fractured bone is believed by many surgeons
to play an important part in the failure of union of fractures. It
is certainly true that, in cases of non-union, there is very fre-
quently a persistent cedema of the injured extremity, and it is
possible, though difficult to prove, that the thrombosis which
causes the cedema may also prevent the union of the fractured
bone.

Constitutional eauses of ununited fractures.—Of all the con-
stitutional diseases which tend to prevent union of fractures,
seurvy is probably by far the most active, for it would appear,
from the deseriptions of authors who have had opportunities of
watching cases of seurvy, that, so long as the patient is suffering
from this disease, fractures are very likely to remain ununited.
Next to scurvy, chronic nephritis, in any of its various forms,
appears to delay union more effectually than disease of the other
viscera ; and lastly, it may be said that any disease which induces
debility, and which perhaps, in addition, causes an alteration in
the naturally healthy bones themselves, will tend to delay, if not
to prevent, union. Causes such as these, however, act in a
manner which is very easy of comprehension. If the patient be
in an enfeebled condition, he is not likely to repair any injury
with rapidity, and, in consequence of his lowered vitality, the
inflammatory process does not result in the production of a
sullicient amount of callus, or a sufficient softening and welding
together of the fractured bones.

Changes in the bones in ununited fractures.—If a fractured
bone fails to unite, the broken ends may be either merely
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held in apposition by fibrous tissue, or a false joint may be
formed.

The inflammatory effusion, which has been poured out after
the injury, undergoes organisation into bone, in some parts at
least, and, as a result, the medullary canal is occluded, and the
fractured ends become rounded off and smooth. Where the
fragments are widely separated, there may either be no uniting
material at all, or else it may be so thinned and stretched as to
deserve the name of ** membranous union.” Where the umiting

Fic. 49.—Ball-and-socket Joint formed after Intra-capsular Fracture
of the Neck of the Femur,

medium is stronger and denser, the union is said to be * fibrous
or * ligamentous.”

In some instances, when the ends of the fractured bone have
been placed in apposition, and move on one another, a false
joint, or pseudarthrosis results. In such cases the fragments
are enclosed in a kind of capsule of fibrous tissue, the inner
surface of which becomes, in time, smooth and polished, and
secretes a serous fluid which facilitates movement. The ends of
the bones become variously altered in shape and adapted to one
another, but the false joint is either a simple hinge or elsc a
ball-and-socket joint. The latter condition is well shown in the
accompanying drawing (Fig. 49), from a case of ununited fracture
of the femur.
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When a false joint has been formed, or when the fractured
ends have become rounded, smooth, and hard, union by bone will
never occur, however long the bones are kept in apposition and
at rest. The opportunity for union has passed by, and the
chance has been missed. When the bones were softened by
recent inflammation and embedded in recent granulation tissue,
then was the time for union to take place, but if, after the inflam-
matory products have become organised and the bones hardened,
union has not resulted, it can never take place, unless by artificial
means fresh inflammation is excited.

Spontaneous Fractures

When a bone breaks from the application of an amount of
violence which would not break a healthy bone, the fracture is
said to be ** spontaneous.” The violence may be extremely
slight, and almost unnoticed by the patient. A diseased state
of the osseous structure predisposes to such fractures. The bone
may be simply in an advanced state of senile decay and degener-
ation, or, on the other hand, and much more frequently, may be
the seat of a malignant tumour. Such a tumour, if primary, is
sarcomatous, but if secondary, it may be carcinomatous. Thus,
it is not uncommon to meet with cases of spontaneous fracture
in patients suffering from cancer of the breast, and very often
there is no history of pain or swelling in the broken bone ante-
cedent to its spontaneous fracture. Gumma is an oceasional
cause of spontancous fracture, and the museum of St. Bar-
tholomew’s Hospital contains an instance. Other causes are
simple benign eysts of bone, and local fibrous osteitis, con-
ditions which the skiagraphie study of bones has shown to be
not uncommon in early-life and which may lead to spontaneous
fracture. In addition to these causes, it has recently been
pointed out that in tabes dorsalis the bones are sometimes
very brittle, and may break spontaneously. Both mollities
ossium and rickets may cause the bones to become so much
softened that they break on the application of the slightest
violence, and, more rarely, the bones of a limb which is para-
lysed or has been kept at rest for very long become softened to
a similar extent. In spontaneous fractures, failure of union by
bone is ecommon, though an exeeption must be made for the
tabetic cases, in which union is generally firm.
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Separation of Epiphyses

The separation of an epiphysis is an aceident which neces-
sarily occurs only in children and young subjects. In this form
of injury, both the epiphysis and the epiphysial cartilage are
separated from the diaphysis, the epiphysial cartilage itself being
seldom torn. The injury is repaired in the same way as is a
fracture, and it is exceptional to find that, as a result of the
separation of the epiphysis, the subsequent growth of the bone is
impeded. Sometimes, however, growth is partially arrested,
and the affected limb may thus become shorter than its fellow.

Both congenital syphilis and scurvy rickets predispose to
separation of the epiphysis.

15



CHAPTER XXVI
DISLOCATIONS

Tue term dislocation simply implies a displacement, but, used
without any qualifying adjective, is taken to mean the displace-
ment of one articular surface from another with which it is
naturally in contact.

Dislocations are commonly the result of violence applied to a
limb at a distance from the joint which is the seat of the dis-
placement. Thus, whilst a fall on the shoulder or hip may ecause
a fracture, disloeation of these joints is usually produced by
violence applied to the arm or leg.  Disloeations are also caused
by irregular muscular action—e. g. the lower jaw is frequently
displaced by a sudden contraction of the muscles of mastication
at the time when the mouth is opened as in the act of yawning
or laughing. The patients in whom dislocations are most fre-
quently met with are yvoung and museular adults, for in old
people the bones yield rather than the ligaments of the articu-
lation, and in children the joints are so supple that dislocations
are not readily produced.

It is evident that in the production of a dislocation some of
the soft structures around the damaged joint must be injured,
and thus we find that the capsular and other ligaments are torn,
together with the surrounding musecles and tendons, to a varying
extent.

Changes in an Unreduced Dislocation

If the dislocation be not reduced, certain changes occur in the
articular bone and the surrounding soft tissues which are of
considerable practical importance.

The immediate results of the injury are a synovitis of the
damaged joint and an effusion of blood into it and the tissues
around; both of these rapidly subside., The torn ligaments,
museles, and tendons soon undergo repair by fibrous tissue, and

become matted together by the formation of * adhesions ™ in
226
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such a way that various important structures, such as vessels
and nerves, become adherent to the museles and tendons amongst
which they lie, and are dragged upon by any force which exercises
traction on the latter. In consequence of this, if violent
efforts are made to reduce the displaced bone after the newly
formed adhesions have become firm and strong, either the
vessels or nerves to which they have formed attachments may
be ruptured.

The cartilage of the dislocated bone undergoes degenerative
changes which result in its metamorphosis into fibrous tissue,
and, if it rests on another bone, further changes may ensue which
terminate in the production of a false joint. Take, for instance,
the case of a subcoracoid dislocation of the humerus. The head
of the latter bone will gradually alter in shape, and become
flattened, and the neck of the scapula on which it rests will be
hollowed out. In each bone the alteration in shape is the result
of pressure, for in all tissues continuous pressure produces
atrophy. Around the newly formed depression in the scapula a
rim of new bone is then formed, for the irritation produced by the
presence of the displaced humerus causes a formative periostitis
in the neighbouring bone. The same irritation causes the con-
densation of the neighbouring soft structures, and by this means
a fibrous eapsule is formed, and the false joint is thus completed.
Meantime, changes have been in progress in the glenoid cavity,
its cartilage has become fibrillated, and from its floor a new
growth of fibrous tissue springs, which gradually completely fills
the cavity itself.

At first the patient has but little use in a limb one of the chief
joints of which is the seat of an unreduced dislocation. Gradu-
ally, however, it becomes less painful and stiff, and after many
months the part is frequently restored to much of its former
power, for the muscles accommodate themselves to the altered
relations of the neighbouring structures, and as the new joint is
formed, and the inflammation set up by the injury subsides, pain
on movement slowly passes away.

A consideration of the changes just described will show at once
that, apart from the dangers of reduction of oid dislocations,
there comes a time when replacement of the dislocated bone is
no longer possible, on account of the fixation of the bone in its
new position, and the filling up of the articular cavity which it
formerly occupied.



CHAPTER XXVII
REPAIR OF MUSCLE, TENDON, CARTILAGE, AND NERVE

Repair of Muscle

MuscLE is a tissue which in man is practically never reproduced,
and in animals only to a very slight extent, the amount of new
muscle fibres being in any case quite microscopic. Consequently
in wounds of muscle the divided portions are never united by
newly formed muscle, but always by fibrous tissue, which is
produced in the manner already deseribed in dealing with union
of wounds. The separation of the divided muscle during the
healing process naturally influences the amount of sear-tissue
formed, and the greater the separation the more powerless is the
muscle after cicatrisation has been completed. It is therefore
of importance to maintain as good apposition as possible during
the healing of the wound.

Repair of Tendon

A divided tendon placed under favourable conditions unites
by tendon in the following manner. Plastic exudation takes
place into the tendon-sheath and into the eut ends of the tendon
themselves, the exudation being vascularised, and subsequently
developed into fibrous tissue, in exactly the same way as is the
granulation-tissue of a wound. After this a further develop-
ment into tendon-tissue occurs, and the previously irregular
masses of fibrous tissue are gradually shaped into longitudinal
bundles, with connective-tissue cells placed between. Finally,
the tendon, which is at first adherent to its sheath, is gradually
separated, and again becomes free and movable.

It the ends of the divided tendon be allowed to retract to
considerable distances, or if much suppuration occurs, the tendon
will not unite as above deseribed.  On the contrary, its ends will
become adherent to the surrounding parts, and the use of the
muscle which is inserted into it will be lost.
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Repair of Cartilage

Cartilage, hike muscle, is not reproduced in cases of Injury.
The breach is repaired by fibrous tissue,

Injuries of Nerves

If a nerve is divided, certain
changes occur in both its peri-
pheral and proximal extremities,
and also in the structures to
which it is distributed.

The proximal end of the
divided nerve becomes swollen
and bulbous, the enlargement
continuing to increase for several
weeks after section. The bulb is
oval in shape, about two or three
times as thick as the divided
nerve-trunk, and about twice as
long as it is broad. It is tougher
than normal nerve-tissue, and
adherent to the structures
amongst which it is placed. On
section, 1t presents a fibrous
appearance, but bundles of nerve
tubules can be seen embedded in
its substance. On microscopical
examination it is found to consist
nf. nll.ﬂ'l[.‘rﬂus ¥0U”g 1'[[‘.‘]'1"(!-{1]’]["(.‘5 I'1G. 50.—Dissection of the nerves
lying in a matrix of fibrous tissue. of the forcarm after amputation,

The peripheral end of the hovins “smmition s’
divided nerve undergoes atrophic  nerves,
and degenerative changes at the
same time that the bulb is being formed. The myelin breaks up,
collects in globules in the nerve-sheath, and is finally entirely
removed. The axis-eylinders disintegrate, and in the course of
a few weeks at the latest are completely destroyed. As a result
of this destruction, the peripheral end of the nerve is very
pereeptibly diminished in size.

The manner in which asevered nerve unites is variously
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described by different authors. Aeccording to some, after under-
going the degeneration just described, the peripheral end
regenerates independently of the proximal section. The axis-
eyvlinders are first formed from the proliferated nueclei of the
sheath of Schwann ; around these a myelin sheath is subsequently
developed, and, if the peripheral end is in contact with the
proximal extremity, the young nerve-fibres formed in the bulb
of the latter unite with the newly formed axis-eylinders in the
lower end, and nerve functions are restored. According to
other authors, the whole process of regeneration and formation
of new axis-eylinders proceeds from the upper end alone, the
nerve-fibres then growing downwards into the periphery. It
must, however, be borne in mind that union will not oecur
unless the divided extremities are maintained in close contact,
and as nerves, like all other soft structures, are in a state of
longitudinal tension, it is usually necessary to suture the cut
ends in order to maintain the necessary apposition.

The struetures to which a nerve is distributed suffer in various
ways if the latter is divided.

The skin, in addition to losing its sense of touch, becomes
glossy and shiny, uleers may appear at the peripheral parts, and
occasionally small portions of tissue slough. 1In the case of the
hand, painless whitlows may form, and the nails may either be
cast off or become fibrous and brittle, with exaggerated curva-
tures and transverse ridges and furrows. Immediately after
section, and for a time which may extend to two or three weeks,
the anwmsthetic parts are unduly vascular and warmer than
natural, on account of the division of the vaso-motor fibres.
Very soon, however, this condition gives way to an abnormal
coldness, and the surface temperature is often lowered by five
or ten degrees.

The joints supplied by the severed nerve are sometimes
swollen and painful shortly after an injury; later on, they are
often partly anchylosed.

The museles are paralysed from the moment that the nerve is
divided, and undergo an extremely rapid degeneration and
atrophy. Faradic contractility is lost within a few days, and
galvanie irritability in from three to twelve weeks. The muscle
substance itself is the seat of fatty degeneration, and within two
or three months of the injury the entire muscle is usually
completely atrophied.

Although these so-called ** trophic ”* changes may have pro-
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ceeded to an advanced degree, a complete restoration of function
will result if the divided nerve becomes united at a subsequent
period without undue delay, and not only will sensation be
restored, but atrophied and paralysed museles will be renovated,

Division of a nerve is not always followed by degeneration of
the peripheral end before union takes place, and, in animals at
any rate, a “union by first intention” without antecedent
degeneration has been described. Clinical experience tends to
show that, although such union may, and does oecasionally, oceur
in man, it is rarely seen, though, from the very nature of the
process, opportunities for examining the recently joined nerve
are very rarely forthcoming. A year or two sometimes elapses
before sensation and motion are restored.



CHAPTER XXYVIII

DISEASES OF ARTERIES :
INFLAMMATION, DEGENERATION, AND ATHEROMA

Acute Arteritis

AcuTE inflammation of arteries is usually due to their involve-
ment in inflammation of the surrounding tissues, or to the impac-
tion of a septic embolus. If a vessel be injured, its coat will
undergo inflammation, proliferation of the tissue-cells will follow,
and the artery will be occluded in the way already deseribed in
the chapter on Hemorrhage. But the most typical examples
of acute arteritis are supplied by vessels lying in the midst of
suppurating tissues. It is true that arteries offer very con-
siderable resistance to the spread of inflammation, but they are
nevertheless frequently involved in the proeess. The blood in
the inflamed vessel elots, the arterial wall becomes softened by
inflammation, suppuration follows, and all the coats are apt
ultimately to be destroyed. In many ecases no hamorrhage
ensues, for the vessel is already full of clot, and this extends
for some distance up and down beyond the area attacked. But
in other cases large portions of the artery slough, and, since in
these septic cases the clot is commonly soft and disintegrating,
it is insufficient to arrest the flow of blood, and copious hemor-
rhage oceurs.

The lodgment of septic emboli in arteries is another cause of
their acute inflammation. In eases of malignant endocarditis,
portions of fibrin infiltrated with pyogenic micro-organisms are
liable to be detached and swept from the heart-valves into the
blood-stream. Lodging in arteries, they excite a destructive
inflammation similar to that whieh is in progress in the place
from which they have been derived. The vessel-wall may merely
be softened by inflammation and subsequently dilated so as to
form an acute aneurysm; or it may give way and lead to hemor-
rhage. Cerebral hmorrhage is a not infrequent termination

- 232
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of malignant endocarditis, In other cases occlusion of the
artery by secondary thrombosis prevents haemorrhage, but local
suppuration may occur : more often the micro-organisms are of
low virulence, and, instead of an abscess, an an@mic or hemor-
rhagic infarct comes to oceupy the area supplied by the vessel.
This oceurs only in the case of small terminal arteries.

Acute inflammation of large arteries also oeccurs in certain
general infections, The condition is almost limited to the aorta,
and especially to its arch. The infecting agent seems to reach
the vessel-wall by way of the vasa vasorum, and the inflammation
is primarily one of the middle coat, though the intima may be
secondarily affected. Syphilis typically attacks the aorta thus,
as will presently be described, but the condition may arise in
typhoid fever or any of the exanthemata. The changes are
not as a rule conspicuous without microscopic examination :
they may lay the foundation for more serious trouble later,

Chronie inflammation of arteries will best be considered
in relation to arterial degenerations, with which it is closely
linked.

Arterial Degenerations

Three forms of pathological change are involved in the de-
generative diseases of arteries which are commonly grouped
under the term “ arterio-sclerosis.”” This expression implies a
hardening of the arteries with deeadence of their normal
functions, and this may arise under various conditions.

(1) The first change is almost a physiological one, for it
occurs naturally in the course of arterial growth, becoming more
pronounced as age advances. It lies in a hyperplasia of the
muscular and elastie elements of the vessel-wall : not only does
the middle coat become thicker to resist the increasing blood-
pressure, but the intima also undergoes marked thickening by
splitting of the internal elastic lamina into two or more layers,
between which longitudinal muscle fibres are often developed.
With this some fibrous increase is apparent, but is not marked
till middle age is reached. In the absence of fibrosis the vessel
maintains its full competence : the condition of selerosis is not
yvet present. In those suffering from abnormally high arterial
blood-pressure, from whatever cause, the hyperplastic changes
are exaggerated and tend to earlier degeneration.

(2) The second form of change is degeneration of the structural
elements of the arterial wall. Any tissue which is habitually
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overstrained beyond its natural competence tends to degenerate.
The normal strain of arterial tension produces this result sooner
or later, whence comes the senile artery : any persistent high
blood-pressure accelerates the change, whence arises the early
sclerosis of chronie renal disecase and habitual muscular over-
exertion.

The usual form in which the effects of overstrain first become
manifest is fatty degeneration of the muscular and elastic elements
of the arterial wall, and the parts most liable to primary attack
are the hyperplastic thickenings of the intima which have
resulted from normal stress, though the muscular elements of
the middle coat tend to become fatty in later life. Loealised
fatty changes in the intima occur, however, at all ages, and are
especially common in acute infective conditions, in which they
are often seen after death even in young children, especially in
the aorta and in the common carotid near its bifurcation. How
they are brought about is uncertain, but they are specially apt
to oceur at points of special stress, as at bifurcations or at
the origins of branch vessels such as the intercostal and lumbar
arteries. According to Jores, these early fatty changes in the
intima form the starting-points of nodular arterio-sclerosis in
later life : the fatty change may extend to the subjacent layers
of the media.

Fatty degeneration leads to secondary changes, of which the
chief are fibrosis and calcification. The fibrosis of arterial
degeneration is in large measure a * replacement fibrosis ™ in
which it is assumed that the dying fatty cells stimulate prolifera-
tion of the connective tissue, as is known to oecur in other
situations. The degenerating media and intima become infil-
trated with fibrous tissue, and the artery is thickened and
hardened. It is doubtless thereby strengthened too, but whereas
in the natural growth of arteries the increasing stress is met by
hyperplasia of the more functionally active muscular and elastic
tissues, the stress is now met by an inferior substitute. The
fibrotic artery is thick but functionally inferior, and this consti-
tutes one form of arterio-selerosis.

Calcification of arteries, also a sequel of fatty change, is
especially characteristic of senile degeneration, where it first
tends to affect the muscular coat. Thus arises what is termed
primary calcareous degeneration of arteries; in reality it is
preceded by fatty degeneration of the muscle fibres, and it is the
fatty acids, liberated by splitting up of the fat, which fix the
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lime salts. In almost every person who has passed fifty years
of age, the arteries, when specially stained for lime salts, show a
dusty deposit of these in the middle coat. By an extension of
the calcification the particles fuse into larger masses, which still
in a measure follow the concentrie arrangement of the musele
fibres even though these are destroyed. In an extreme case the
artery is converted into a rigid and brittle caleareous tube in
which a ringed arrangement of the
calcified tissue is still apparent. In
such cases the intima is usually also
caleified. The vessels in which this
change is specially prominent are those
of medium size—e. g. the tibials and
the arteries at the base of the brain :
in the radial artery of an old man the
rigidity is often apparent, and the
calcareous rings may at times be
appreciated in feeling the pulse; the
vessel almost erackles under the finger.
This is the condition which so often
leads to senile gangrene. Not only is
the circulation through the rigid tube
greatly impeded, for the vessel has
lost one of its cardinal funetions—that
of regulating the supply of blood in ac-
cordance with the needs of the tissues
—but in addition there is a liability to
thrombosis on the roughened inner
coat.

The tendency to caleareous deposit ey e
which is so marked a feature of the showing primary caleareous
senile artery, is shared by the discased —dsgenerioncf e middle ot
intima in earlier life as well as in the linie salts is well seen.
old. Wherever fatty degeneration
oceurs it is apt to be followed by calcification, and thus
arises the atheromatous condition which is so commonly
associated with arterio-sclerosis, and which will presently be
considered.

(8) The third form of pathological change in arterial degenera-
tion is of the nature of inflammation, provided that we use that
term in its widest sense. The inner half, or more, of the thick-
ness of the arterial wall is unprovided with blood-vessels, We
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cannot expect, therefore, to see in it the vascular changes and
active emigration of leucocytes which are associated with inflam-
mation in its narrower sense. What is actually seen is a chronic
form of ** productive ” inflammation in which new fibrous tissue
is laid down, usually with the formation of fine fibrils of elastic
tissue in scanty amount. All this takes place without much
obvious cellular infiltration. In the earlier stages of the process,
and when it is proceeding with some acuteness, we sometimes
see collections of small cells resembling lymphoeytes in the
intima, but most of the cells present are young connective-tissue
cells, The replacement fibrosis following fatty degeneration in
the media is of this nature, but the change is seen in more pro-
nounced form in the intima, which may become greatly thickened
by fibrous tissue lying beneath the endothelium, between this
and the internal elastic lamina, which often remains intact and
unsplit. This fibrous thickening of the intima is especially seen
after ligation of arteries and at the seats of embolism or throm-
hosis. It oceurs also in the neighbourhood of foei of chronie
inflammation, and especially of gummata and other tertiary
syphilitic processes. It is often extreme in degree, and is then
termed endarteritis obliterans : this form is believed to occur
sometimes as a diffuse change in the smaller arteries in syphilis.
It is one form of arterio-sclerosis.

Arterio-sclerosis and Atheroma

The terminology of arterial degeneration is commonly very
loose in accordance with the looseness of our own conceptions.
Many surgeons and pathologists are content vaguely to deseribe
a degenerate artery as °* atheromatous.” The terms employed
in the following paragraphs are as follows. Arterio-selerosis or
sclerosis is used as a general term for all conditions of arterial
hardening and thickening. Senile sclerosis of arteries is a change
commencing in the media; in its later stages it becomes identical
with the process described above as primary caleareous degene-
ration of the media. It is commonly associated with intimal
thickening, diffuse or nodular. Diffuse selerosis is a thickening
of the intima as a whole; it may be of the nature of a hyper-
plasia of the muscular and elastic elements, which later degene-
rate and become locally fatty and fibrosed, or it may be inflam-
matory, and is then properly termed endarteritis. In the latter
case the thickening is chiefly fibrous and has much less tendency
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to fatty and other degenerations than the hyperplastic form.
Nodular selerosis is an affection chiefly seen in the aorta and its
large branches, but it may occur in vessels as small as the cere-
bral arteries. The intimal thickening is, as the name implies,
a localised one, but the nodules may be so numerous as to be
semi-confluent. The deeper parts of the intimal thickenings
soon undergo fatty and hyaline degeneration, and then become
the seat of deposit of lime salts. The nodule commonly softens
and becomes opaque and yellow, forming a pultaceous mass;
it is to this condition that the term atheroma should be restricted.
Nodular selerosis is usually associated with some degree of the
diffuse form, and many authorities regard it as merely a local
exaggeration of this. It may, however, oceur in the young as
an independent affection : juvenile arterio-sclerosis is usually
of this form, and is possibly an infective condition. The syphilitic
affections of arteries—syphilitic selerosis—will be deseribed
separately.

The causes of arterio-selerosis.—The first and commonest
cause is advancing age : some degree of sclerosis oceurs in every
one past middle age, but in some persons it occurs prematurely.
The usual cause of its premature occurrence is inereased blood-
pressure : it is natural that the extra strain which this throws
upon the arteries should lead to hyperplastic thickening in the
first place, and in the second to the early onset of degenerative
changes. Excessive blood-pressure oceurs in those who follow
laborious occupations and in those who eat and drink too much.
The influence of aleohol in producing arterio-sclerosis has prob-
ably been much exaggerated, for the condition seems equally
common in races who abstain from intoxicants (e. g. Moslems).
Another common cause of excessive blood-pressure is chronie
renal disease : high arterial pressure and arterio-sclerosis are
seen in the subjects of chronic parenchymatous nephritis, and
especially in the form known as ‘‘ contracted white kidney.”
In the equally common °° arterio-sclerotic kidney ” the same
association is seen, but here it is believed that the renal lesions
are secondary to the arterial thickening. The influence of
gout and lead poisoning in producing arterio-sclerosis is probably
indirect and due to the renal changes they induce. A further
group of causes leading to arterial degenerations is to be sought
in infective conditions, of which syphilis is the chief. Syphilitic
arteritis is so distinet an affection as to merit separate descrip-
tion; it may be doubted whether syphilis of itself predisposes to
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ordinary arterio-selerosis. But there are other forms of infection
which lead to inflammatory changes in arteries which may be
the starting-point of sclerotic changes, such as those which may
follow the specific fevers. Our knowledge on this point is still
very imperfect.

The morbid anatomy and histology of arterio-sclerosis.—The
thickened vessels of diffuse arterio-selerosis may not present to
the naked eye any very striking changes. They look and feel
thicker and more rigid than the normal, and they gape instead
of collapsing when cut across. Any marked degree of caleifica-
tion is also readily apparent to the finger. The rigid arteries
are also often dilated and even diffusely saceulated—a change
not rarely seen in old persons in the abdominal aorta and iliac
arteriecs. These dilatations of rigid and calecified arteries are
sometimes more apparent than real : the normal artery collapses
after death, whercas the calcified artery is more or less fixed
in the position of distension natural to it in life. If a vessel is
unequally rigid the less affected portions collapse more than the
rest, and thus an appearance of sacculation is produced. Such
arteries, are, however, as a rule actually dilated and thinned, and .
a typical form of senile selerosis is one in which this thinning and
rigidity are seen in the larger arteries, while the smaller ones
show fibrous thickening. Minckeberg was the first to deseribe
this form fully, and it is sometimes known as ‘‘ Ménckeberg’s
sclerosis,”

Nodular sclerosis is a much more conspicuous thing. In its
earlier stages raised areas are seen on the inner surface of the
larger vessels, chiefly in the aorta, At first they are semi-trans-
lucent, pale and greyish, and have been compared to plates of
cartilage let in under the smooth endothelium which still covers
them. They are often most conspicuous about the origins of
lateral branches, or at points of bifurcation. Mieroscopie
examination shows that the thickening is confined to the intima,
and two distinet layers can usually be recognised. The deeper
layer consists of swollen and degenerate tissue occupying the situ-
ation of the * hyperplastic” muscular and elastie elements of
the intima next to the media; hyaline and fatty degeneration
are here apparent, and there may already be some deposit of
cholesterin erystals and caleium salts.  Overlying this is a layer
of fibrous tissue, not as a rule very cellular and with relatively
little degenerative change. Inthe later stages of nodular selero-
sis the affected areas are whitish and opaque owing to further
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advance of the degenerative processes in the depth. The tissues
here have softened and broken down into a pultaceous detritus
of fat globules, cholesterin and caleareous material, and the con-
dition is now one of atheroma. The fibrous layer on the surface
in its turn degenerates and may give way, leading to an ** athero-
matous uleer ”’; extensive areas may thus be denuded of their
endothelium and become roughened and excavated. In an
extreme case the entire intima of the aorta becomes converted
into a tesselated layer of crackling ecal-
careous plates, irrrguhr]y ulcerated and
broken down, and in these cases the media
is «:ﬂnn“ﬂn-:;nnrli3_.:r also thinned and fibrotie.
Thrombotie deposit from the blood may
occur on the roughened surface.

In many well-marked cases of nodular
selerosis, even though they are not extreme,
the media is seen to be affected. It is
thinned opposite the intimal nodule, and
there may be some fatty degeneration in
the layers adjoining the intima. Occa-
sionally there is a little eellular infiltration
along the vasa vasorum, and vascularisa-
tion may extend deeper into the coats
than usual, reaching the deepest part of
the media and even the intima itsell.
Thoma’s theory of arterio-sclerosis rests g

; Fia. 52.—An Athero-
partly on such facts: he considers that | .i..c Arterv. In the
the primary change is to be sought in lower part of the speci-

. . TN the intima is Irregn-
the middle coat, which tends to become |30 and rough. In the
weakened and to give way; he regards middle is an " athero-
5 e E £ matous uleer,” where the
the intimal thickening as secondary and jptima has given way
compensatory, serving to prevent yielding an¢ ﬂ:ﬂli::”k:;lpm;*"«hﬂﬁ
of the vessel-wall at the weakened spot.,
There is a probability that in some infective forms of arterial
disease, and notably in syphilis, this may be the sequence of
events. But most observers now regard ordinary arterio-selerosis
as arising primarily in the intima, and the medial changes
are considered to be secondary.

Although we may divide up arterial degenerations into
different types, it must be remembered that they usually oceur
in combination. The hyperplastic and fibrous ehanges of ™ high-
pressure sclerosis " may be seen in persons who already present
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evidence of the senile change, while nodular sclerosis is mmmﬂnly
superimposed upon the diffuse forms.

The results of arterio-selerosis.—Hardening or rigidity of the
arteries has many serious consequences, Extra work is thrown
upon the heart when the elasticity of the great arteries is
diminished ; the blood is less readily propelled through a system
of rigid tubes, in which roughening and inequality of the wall
are often present. Still more serious is the loss of power to regu-
late the flow of blood in accordance with the varying needs of
the tissues, which i1s entailed by degeneration of the muscular
elements in the arterial wall. The tissues which are supplied
by a degenerate vessel are apt themselves to become ill-nourished
and degenerate. A striking instance of this is furnished by eases
of sclerosis of the coronary arteries, in which myocardial degene-
ration takes place and angina pectoris is not infrequent. Loss
of reactive power is seen in the tissues; the processes of inflam-
mation run an unfavourable course in persons with seclerotic
arteries; an injury which in a young subject would be followed
by moderate acute inflammation may in the aged be the starting-
point of prolonged and serious trouble and even of gangrene.

Further, degenerate arteries tend to bulge and give way
under the pressure of the blood, diffusely if the weakening is
diffuse, locally if it is local. Thus arise fusiform and sacculated
aneuryvsms, and it is in rigid vessels that dissecting aneurysms
oceur. Syphilis is the usual eause of aortic aneurysm, but in
the lesser arteries ordinary degenerations seem the predisposing
cause, and this very degeneration may frustrate the application
of the means of local cure, for ligatures may cut through the
stiffened artery, and even if they hold, a collateral circulation
may fail to develop in the unhealthy vascular system.

Lastly, it must be added that fibrin may be deposited from
the blood on the roughened intima of an atheromatous artery,
and occlusion of the vessel by thrombosis may completely arrest
the circulation. It is by such means that cerebral softening or
senile gangrene is often produced.

Syphilitic Disease of Arteries

Arteries are not uncommonly attacked by syphilis in the
tertiary and even in the secondary stage of the disease. The
infective nature of the affection has in some cases been demon-
strated by the actual finding of the spirochwte in the arterial wall.
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Two forms of syphilitic arteritis are common, and there is a
third which is very rare.
1. Endarteritis obliterans is a common and characteristic lesion
in the vieinity of syphilitic lesions, and may oceur as a more
diffuse change. It affects the smaller arteries only, and though

F1g. 53.—Basilar Artery from a case of Syphilis, showing endarteritis
obliterans. The intima is very greatly thickened, for the most part by
young fibrous tissue, though older and denser fibrous tissue is present near
the internal elastic lamina.

it is highly characteristic of syphilis, and even of considerable

diagnostic value in the identification of inflammatory lesions

as syphilitie, it is not confined to this disease. It may occur

in the neighbourhood of tuberculous lesions and even in simple

inflammations, though usually in less extreme degree than is

seen in syphilis. The lesion is essentially an intimal one and
16
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the thickening is mainly due to the formation of young and very
cellular fibrous tissue.

2, Syphilitie mesaortitis is not an uncommon affection, and is
the usual precursor of aortic aneurysm. It oceurs chiefly in
the aortic arch. Other vessels may in rare cases be similarly
affected, but the lesion is essentially one of the aorta, whence
its name. It is in this disease that the spirochate has been
demonstrated in the aortie wall.
" The primary and essential change lies in a subacute destruc-
tive inflammation following the course of the vasa vasorum in the
middle coat. Around these there arise extensive infiltrations of
plasma-cells and lymphoeytes, which locally destroy the mus-
cular and elastic elements of the media, so that serious gaps are
produced, ultimately filled by new fibrous tissue. Beneath the
affected areas of the media the intima becomes greatly thickened
by fibrous tissue; the change may to the naked eye resemble a
nodular arterio-selerosis, though the intimal thickenings are
usually more reddish and succulent in aspect in their earhier
stages. In the later stages they form stellate fibrous sears in
which there is little or no tendeney to caleification. The ultimate
result is a callous induration of the aortie wall in which fibrous
tissue is a conspicuous element. Now, fibrous tissue is a very
inferior substitute for muscular and elastie tissue in the arterial
wall ¢ it is tough and resistant, but when it stretches it possesses
little resilience, and thus there is a liability to permanent yielding
of the vessel at the points chiefly affected. Thus it is that
syphilitic mesaortitis is such a fertile cause of aneurysm of the
aorta.

3. Gummatous disease of arteries is very rare, but it has been
deseribed. It may affect the middle coat, or, in exceptional
cases, a gummatous uleeration of the intima may be present.




CHAPTER XXIX

DISEASES OF ARTERIES:
ANEURYSM

AxN ancurysm is “ a tumour containing blood, and communi-
cating with the cavity of an artery.”

The eauses of aneurysm are practically those of arterial
sclerosis, for pathological aneurysms, with which alone we are
at present concerned, are almost invariably preceded by disease
of the vessel. Therefore, laborious oecupations, disease of the
kidneys, and syphilis are amongst the most common of the
accepted causes of aneurysms. The emplovment of Wasser-
mann’s reaction has rendered certain what had long been sus-
pected on clinical grounds, namely, the overwhelming importance
of syphilis in the causation of aortic aneurysm. The connection
is much less marked in the case of aneurysms of the peripheral
arteries. The formation of traumatic aneurysms has already
been described.

It is very easy to see how chronic arteritis may cause
aneurysm, for the inflammatory process frequently weakens
the wvessel, and so favours its distension by the blood. In
other cases, it is the loss of elasticity rather than the weakening
which brings about the aneurysmal dilatation, for, if the heart’s
action be sufficiently strong to dilate the rigid vessel, toughened
by fibrous tissue, the artery will, in consequence of its loss of
elasticity, remain dilated, and thus form an aneurysm.

In the presence of one of the above causes, the locality of
an aneurysm is determined by local conditions. The aorta is
more frequently implicated than other vessels, on account of
the greater blood-pressure within it, and also because it is
the seat of election of syphilitic mesarteritis, whilst the slight
arrest of the blood-stream at the point of bifurcation of any
vessel tends to the formation of an aneurysm above such a point.
Again, vessels at the flexures of limbs are more liable to become
aneurysmal than vessels in other situations, and for the reason
that, in any artery which is diseased, sudden and foreible bending
may cause injury to the brittle internal and middle coats.

243
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The aneurysms that occur in children and young adults
are most probably the result of the lodgment of emboli. The
exact manner in which emboli eause aneurysms is yet a matter
of dispute. According to one theory, the artery becomes
dilated above the seat of embolism through the inerease in the
blood-pressure above the seat of plugging. This is most prob-
ably incorrect, for, were such an explanation true, aneurysms
would develop with comparative frequency after ligature,
whereas, although they may follow occlusion of the vessel by
surgical means, they do so with extreme rarity, and are more
requently the result of a failure of the proper occlusion of
the artery than of its obliteration. According to another
theory, an embolus may cause aneurysm by setting up in-
flammatory changes in the vessel at the point at which it
lodges. The inflammation may result either in the complete
penctration of the artery by a process of uleeration, or else in
softening of its coats and subsequent dilatation. All emboli
do not act in this manner, and the production of an aneurysm
in any given case is attributed either to the embolus being
aleareous and rough, or else to its being derived from a heart
affected with * ulcerative endocarditis,” and consequently
itself the seat of infective miero-organisms.

Lastly, another possible cause of aneurysm must be men-
tioned. Suppuration around a vessel may so damage it that
the coats may yield and an aneurysm form, or the artery may
give way and rupture.

Varieties of Aneurysm

An aneurysm consists of a sae and its contents. The sac
is formed by the coats of the diseased vessel, its sheath, and
the surrounding structures, in varying proportions. The contents
of the sae are fluid blood, clotted blood, and laminated fibrin.

*athological aneurysms have been classified in various
ways. The following appears to be one of the simplest :—
(1) Fusiform aneurysm.
(2) Sacculated aneurysm—
(a) True;
(b) False;
(¢) Diffused.
(3) Dissecting aneurysm.
(4) Cirsoid aneurysm.

i A
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The various forms of traumatic aneurysm have been already
deseribed in the chapter on Injuries of Vessels.

A fusiform aneurysm, or an aneurysmal dilatation, is a
dilatation of a vessel in its whole circumference and for a con-
siderable portion of its length, Such an aneurysm is oval in
shape, and continuous at cach end with the cavity of the vessel
on which it has been formed. Its sac consists of the arterial
coats in a degenerate state, with a few shreds of adherent

Fiz. 54.—A Fusiform Aneunrysm Fic. 55.—A Sacculated Ancurysm
of the Popliteal Artery. of the Popliteal Artery.

fibrin. It contains usually little else than fluid blood. Fusi
form aneurysms are found on the large arteries alone, and far
more frequently on the aorta than on any other vessel, (See
Fig. 54.) .

A sacculated aneurysm is a dilatation of an artery in a part
only of its circumference. A * true” sacculated aneurysm 1is
one the sac of which consists of all three coats of the vessel.
A “false ”’ sacculated aneurysm is one in which the internal
and middle coats have been thinned away, so that, on section,
the sac is found to contain the outer coat alone. (See Fig. 55.)
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Considering that the chief cause of aneurysm is arterial
degeneration, it is evident that *‘ true” aneurysms must be
of rare oecurrence, for the degenerative process itself usually
auses damage to some of the coats before an aneurysm
commences.

A diffused sacculated aneurysm is one in which the sac
contains none of the coats of the vessel, but consists simply of
the sheath, with condensed surrounding tissues and blood-clot.
This form of aneurysm has also been called ** consecutive.”

A dissecting aneurysm is one in which the blood is con-
tained in a sac formed within the wall of the artery itself, the
blood passing down between the layers of the middle coat, and
splitting the wall of the vessel for a great or lesser distance.
Such an aneurysm necessarily results from a destruction or
rupture of the inner coat, for by this means alone can the
blood obtain an entrance. The reason why dissecting aneurysms
are not of greater frequency is that, as a rule, the coats are
matted to one another by fibrous tissue before the inner coat
gives way. It is when this process of adhesion fails, or when,
as the result of some sudden stress, a localised rupture of the
inner eoat oceurs, that a dissecting aneurysm is formed. Dis-
secting aneurysms occur in the aorta alone, and may progress
in one of two ways. In the first place, the blood may burst
its way through the intima, and may thus return to the cavity
of the diseased vessel after a transit of some length through its
walls. Secondly, it may burst through the outer coat, and,
escaping into the surrounding parts, cause death by hemorrhage.

The natural course of an aneurysm may be in one of two
directions. It may progress and cause the death of the patient,
or may become spontaneously cured. Unfortunately, the former
is infinitely the more common, yet it is of much importance
thoroughly to understand the processes by which, independently
of surgical interference, a cure may be promoted.

A fusiform aneurysm sometimes remains in an almost
stationary condition for many years, and so long as it remains
fusiform is little likely to kill the patient, unless, indeed, it do
so by interference with the action of the heart. What usually
happens is that, after a varving length of time, the dilated
artery commences to yield more rapidly at one part of its
circumference than at the rest, and thus from the fusiform
aneurysm a sacculated aneurysm springs.

The sac of a sacculated aneurysm at first consists of some
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at least of the coats of the diseased vessel, although even from
its commencement it receives support from its sheath and
from the surrounding structures. As the sac increases in size
from the constant pressure of the blood, the arterial walls
become more and more thinned away, so that although at
first, perhaps, a true aneurysm, its inner and middle coats wear
away, and it becomes a false one. Later still, all its coats
being destroyed, it is called * diffused ** or ** consecutive,”
the blood being limited merely by the arterial sheath and the
surrounding tissues. These latter undergo considerable changes,
and become matted together by fibrous tissue into a firm.
resistant mass. Were it not for the support thus accorded to
the sac by the surrounding soft tissues and by the arterial
ShEﬂth, the 1"Ilptlll'{? of an ancurysim would oceur at a much
earlier period than is usually the case. This point is well
illustrated by ancurysm of the cerebral vessels, for the latter,
receiving little or no support from the tissues in which they
lie, are never the seat of aneurysms of any size; the diseased
vessel gives way instead of continuing to dilate.

In any case, when an aneurysmal saec no longer contains
any of the arterial coats, and consists merely of the condensed
surrounding tissues, it is very liable to increase with greater
rapidity than before, and, inasmuch as the support it receives
from its surroundings nccessarily varies at different parts, it
increases more rapidly in the direction of the least resistance.
After a variable time it bursts, and is now called a ruptured
aneurysm. The rupture may take place into the soft tissues
of the part in which the vessel is placed, and, if the escape of
blood be great, the rupture may be followed by such an amount
of obstruction to the circulation that gangrene results. Some-
times the rupture takes place into a serous cavity, such as that
of the pleura or pericardium, and then the escape of blood is
at once both rapid and profuse. Sometimes, though com-
paratively rarely, an aneurysm reaches the cutanecous surface,
and bursts there. If so, the heemorrhage is not so sudden or
profuse as would naturally be expected. On the contrary,
days or weeks may pass before death results. During its
growth an aneurysm spares no structure with which it comes
in contact. The constant pressure of the sae, by interfering
with their circulation, causes atrophy of soft tissues and of
bones alike, and thus, in the case of aortic aneurvsms, the
bodies of the vertebrae, the ribs, and the sternum may be in
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great part destroyed. In popliteal aneurysms, the posterior
surface of the femur is sometimes partially excavated, and the
sac has been known to open into the knee-joint.

The pressure exercised by the aneurysm on the surrounding
structures occasionally causes tolerably acute inflammation.
This, especially when baecterial infection occurs, may progress
to suppuration and sloughing, the sac may be opened, and
profuse heemorrhage may cause a speedy death.,

Spontaneous Cure of Aneurysm

There are practically but two ways in which an aneurysm
can become cured; the one is by the gradual filling of the sac
with laminated fibrin, the other by the rapid clotting of the
blood contained within the sac. A clot composed of laminated
fibrin is often called an ** aetive elot,” whilst that formed by
the coagulation of the blood contained in the sac at any one
time is called a ** passive elot.”” In either case, the sac having
become filled, the clot may extend into and occlude the dis-
eased vessel from which the aneurysm springs. All treatment,
medical and surgical alike, aims at causing the formation of
either an active or a passive clot. ,

For the formation of a laminated clot it is essential that the
blood shall continue to circulate through the sae, and that its
flow shall not be sufficiently foreible to wash away the fibrin.

The more feeble the stream of blood, the less is it able to
dilate the sac; and the more fibrin is deposited on the walls
of the latter the more capable will they be of resisting the
blood-pressure. Now, the presence of an aneurysm on a
vessel more or less impedes the flow of blood through it, and,
consequently, the peripheral parts tend to become badly sup-
plied. But in all parts of the body the obstruetion to the
circulation through any one vessel causes the blood to betake
itself to other and less obstructed channels, and a ** collateral
circulation 7 is established. This also oceurs in the case of
aneurysm, and, as the blood flows through other vessels, the
circulation through the diseased artery becomes more feeble,
and the tendeney to the formation of a laminated clot is in-
ereased. The more feeble the patient becomes, the less is the
blood-tension and the weaker the eirculation, and so, in some
cases at any rate, a natural cure takes place.

In addition, however, to this process of spontaneous eure—
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a tendency to which may be said to exist in all aneurysms
certain accidental ecircumstances may arise which favour the
ocelusion of the aneurysmal sae. The first of these accidents
is the separation of a portion of the clot already formed in the
sac, followed by its lodgment either in the mouth of the sac
itself or else in the vessel on the distal side of the aneurysm.
In the latter case, the artery being occluded, and the circula-
tion through it arrested, the collateral eirculation will be opened
up, less blood than formerly will flow through the aneurvsm,
and the latter may then be filled with laminated clot. It is
evident that for such a curative process it is essential that the
arteries which carry on the collateral eirculation shall be given
off on the cardiac side of the aneurysm, for if such is not the
case, and if the collateral branches come off between the mouth
of the sac and the place where the vessel is plugged, just as
much blood will pass through the diseased artery to reach the
collaterals as previously passed along the main trunk itself.
This method of natural cure by oeclusion of the artery
beyond the sac is imitated by the surgeon in the operation of
distal ligature, an operation which only holds out hope of
success when no important vessels are given off between the
seat of ligature and the sac, as e. g. in the common carotid.
When the detached portion of clot lodges in the mouth of
the sac itself, and so prevents either the ingress or egress of the
blood, that blood which remains in the aneurysm forms a
passive clot and so fills up the sae. This mode of spontaneous
cure is imitated in the treatment of ancurysms by the appli-
cation of an Esmarch’s bandage, the limb being emptied of
blood above and below the aneurysm, while the sac of the
latter remains filled. The bandage is left on a sufficient length
of time to allow of a passive clot being formed before blood 1s
again allowed to ecirculate. Other methods of spontancous
cure are deseribed, but are certainly of rare occurrence. Thus,
the sac occasionally causes pressure on the artery above the
seat of aneurysm, and, by thus diminishing the flow of blood,
causes the formation of a laminated elot. In other cases,
again, the development of another aneurysm on the same
vessel may cause the circulation in the latter to become so
much retarded as to promote a cure. Of this an instance may
be quoted : a woman, who died from an ancurysm of the first
part of the right subelavian artery, showed on a post-mortem
examination another aneurysm on the third part of the same
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vessel completely filled with fibrin, and only communicating
with the artery by a minute aperture.

Lastly, in some cases inflammation of the sac may cause the
formation of clot. This is certainly a very rare event, and
the occurrence of inflammation is a thing rather to be dreaded
than desired.

In all cases of spontancous eure, however promoted, there
is another factor, namely, the tendeney to contraction of the
sac and of the surrounding tissues. The latter have been
thrust aside by the growth of the aneurysm, and are, so to
say, constantly endeavouring to overcome the dilating force
and return to their natural positions. Any loss of power in
the dilating force of the circulation in the aneurysm is conse-
quently followed by a contraction of the surrounding parts and
pressure on the sae itself—a eontraction which tends to eontinue
until the former position of the displaced structure i1s restored.

Effects of Ligature and of Pressure on Aneurysms

Allusion has already been made to the mode of cure in the
case of distal ligature, but a few words must be said on the
results of the Hunterian operation. This operation consists
in the application of a ligature to the diseased artery on the
ardiac side of the sae, The result of such a proceeding is the
occlusion of the artery at the seat of ligature, the diminution
or cessation of the blood-stream through the aneurysm, and the
gradual filling of the latter by laminated clot in the first case, or
its rapid filling by passive clot if the flow of blood through the
aneurysm has entirely ceased. The clotting in the sac extends
to the artery, and thus the latter is oceluded in two places—
at the seat of ligature, and where it formerly communicated
with the sac. Between these two points the vessel in most
cases remains pervious, and this is always the case where any
length of wvessel intervenes, and where branches are given off
between the ligature and the aneurysm. Where the ligature is
applied close above the sae, the clotting may extend along the
intervening portion of artery. The application of pressure
promotes the cure of an ancurysm by diminishing the blood-
stream, just as does a ligature, but the vessel is not obliterated
where the pressure is applied.

The changes that occur in the aneurysm after it has been
filled by clot may be briefly deseribed. The clot becomes in
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part organised, and is in part removed.
The ancurysm becomes very hard and
fibrous, and shrinks rapidly. Some years
after cure but little may remain of the
original swelling, beyond a small oval
mass of fibrous tissue. This, together
with other points in the eure of aneurvsm,
is well shown in the accompanying
drawing of the arterics of the lower
extremity in a man whose superficial
femoral had been ligatured five wyears
before death. The ancurysm is converted
into a small fibrous lump, which encloses
within it the remains of the popliteal
artery; the latter has been oceluded for
a length of about 3 inches. The super-
ficial femoral has been oceluded by the
ligature, but between the seat of operation
and the sac the vessel is pervious. (Sce
Fig. 56.)

The chief dangers of licature for the
cure of aneurysm are three in number
namely, secondary heemorrhage, gangrene
of the limb, and suppuration in the sac.
With regard to the first, there is nothing
special to say, but the remaining two
require some explanation.

In some cases the gangrene is dry,
but in many it is moist. The dry gangrene
is certainly the result of the arrest of
the arterial circulation, but the moist
gangrene evidently must be due to some
occlusion of the veins as well. This
occlusion is sometimes caused by an
injury to the main vein at the time of
operation, with the consequent formation
of a thrombus. In other cases, it seems
to be due to pressure on the vein by the
ancurysmal sac. It is, of course, a
common thing for the main vein to be
compressed to some extent by an
aneurysm, yet as a rule the venous
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Fra. 56.—View of the
Femoral amnd Popliteal
Arteries, five wears after
lisature of the superficial
fornoral for the oure of a
popliteal aneurysm. Atthe
npper part of the specimen
the vessel has beon oceluded
by the ligature. The
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current is not completely obstructed. As a result of ligature,
however, the conditions are altered, for as the vis a fergo 1s
much diminished, the forece of the venous current is lessened,
whereby it is more incapable of resisting the pressure, From
these causes, therefore, gangrene after ligature is liable to be
of the moist variety. In any case, it commences at the
periphery, but, whilst sometimes very limited, in other cases it
quickly spreads,

Suppuration in the sae is of rare occurrence. It probably
results from infection of the elot by miero-organisms, resulting
in the formation of pus. Suppuration of the sac is an event
of comparatively late oceurrence, and is met with from three
to eight weeks after ligature. If the sac be incised, there is
usually no large hemorrhage, for the artery is by this time
occluded,

Cirsoid Aneurysm

Cirsoid aneurysm, or ancurysm by anastomosis, consists of a
dilatation and elongation of one or more arteries. The con-
dition may in most cases be regarded as a new growth—an
arterial angeioma, but in many cases veins are also involved.
The dilatation of the vessels is in some cases tolerably equable,
but usually each diseased artery presents numerous pouches or
sacculi. The longer the disease lasts, the more extensive does
it become, and vessels at first healthy are gradually involved.
In many cases the veins and capillaries become greatly dis-
tended, and a fully developed aneurysm by anastomosis shows
itself as an irregular pulsating tumour composed of large and
tortuous vessels opening directly into one another. When a
eirsoid aneurysm has existed for some time, the walls of its
constituent arteries become greatly thinned.

The patients in whom this form of arterial disease oceurs
are mostly young adults. It is usually found upon the scalp
and forehead; occasionally it commences in a pre-existing
naevus.  The chief danger of a cirsoid aneurysm is rupture and
haemorrhage.



CHAPTER XXX
DISEASES OF VEINS

Varix

A vEIN which becomes more dilated than is natural is said
to be varicose.

The chief causes of varix arc—mechanical obstruction to
the venous ecirculation and weakness of the heart’s action,
combined with general debility and loss of muscular tone. 1In
addition to these, certain occupations and wvisceral diseases
promote the development of varix in special localities, and in
many other cases the enlargement of the veins is a congenital
abnormality.

The chief situations of varix are the leg and thigh, especially
on the inner side, the anus and rectum, and the spermatie cord.
In the lower extremity, varicose veins are liable to be induced
by any occupation which entails much standing, and so favours
gravitation of the blood and inereased pressure on the walls of
the vessel which contains it. The superficial veins are more
often diseased than the deep ones, for they are not supported
by the musecles. The longer the eolumn of blood, the greater
will be the pressure on the veins, and for this reason the internal
saphenous vein is more liable to varix than the external. The
force of the arterial circulation is also diminished at the ex-
tremities of the body, and, especially when the heart is acting
feebly, the arterial stream is not sufficiently vigorous to support
and propel the venous blood. The constriction of the thigh
by tight garters, and the pressure of the gravid uterus on the
iliac veins, are also well recognised causes of varix of the lower
extremity.

Varix of the veins of the spermatic cord, or ** varicocele,”
oceurs much more frequently on the left side than on the right,
and commonly originates about puberty. Its causes are sup-
posed to be the length of the column of blood in a vein without
valves, the tortuous course and frequent anastomoses of the
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veins near the testis, and the slight support afforded by the
loose and yielding textures of the scrotum. The pressure of
the rectum or sigmoid flexure is generally considered to account
for the prevalence of varicocele on the left side, but the greater
length of the left spermatic vein is a consideration of at least
equal importance.

Varicose veins in the rectum, or heemorrhoids, are specially
caused by any obstruction to the circulation through the liver;
by constipation, which leads not only to pressure on the rectal
veins by seybalous masses, but also to habitual straining at
stool; by the pressure of the gravid uterus, of uterine tumours,
or of an enlarged prostate; and by sedentary occupations.

The anatomical changes in varicose veins are easily appre-
ciated. On account of inability to support the blood-pressure,
the wvessel dilates, sometimes in its whole length, but more
frequently at certain places where the pressure is greatest—
e. o, above a valve or at the point of entrance of a branch vein.
As the dilatation inereases, the valves cease to act efficiently,
and thus, when they are most needed to break and support
the long blood-column, they gradually become useless, and
after a time may almost completely atrophy. In some cases
the vein-walls are thickened to resist the excessive pressure,
the thickening being chiefly due to inerease of fibrous tissue;
in other cases, unable to withstand the dilating force, they
become extremely thin and lacerable.

It is commonly supposed that, in the lower extremity, it is
the superficial veins alone that become dilated; but this is not
the case, for, in almost all patients in whom the superficial veins
are varicose, the deeper ones are slightly affected, and the most
prominent bulgings often mark the site of a communication
between a deep and a superficial branch. But not only does a
varicose vein inerease in diameter; it also increases in length,
and, In consequence, becomes curved and tortuous. This
tortuous condition, in turn, causes still further obstruection to
the blood-stream, and at the convexity of each curve, where
the obstruction is greatest, pouches of large size are formed.

Effects of varicose veins.—In some instances no material
effects result from varicosity of the veins, but in most cases of
long standing the tissues which they drain suffer to a greater or
less extent.  Ome of the first effects of varix is congestion and
swelling of the peripheral parts, with exudation of serum from
the distended vessels and inereased sueculence of the soft tissues.
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Sometimes matters go no further than this, but very com-
monly the exudation inereases and catarrhal inflammation of
the skin, or eczema, ensues. After this, ulceration may follow,
for the sodden and thinned epidermis is readily destroved by
the most trivial injury, and then the sensitive papillary layer of
the skin is exposed. Such exposure results in inflammation,
which rapidly progresses to the formation of an uleer, and this,
once formed, will tend to progress so long as the abnormal
conditions of the cireculation which produced it eontinue to act.

Another result of varicose veins is atrophy of the tissues in
‘contact with them from the constant pressure of the dilated
vessel. In this way the superjacent skin may become extremely
thinned, so that in exceptional cases but slight injury is sufficient
to rupture the dilated and exposed vein. Profuse hemorrhage
may thus be caused, and although readily arrested by pressure,
a varicose ulcer may originate at the site of the rupture.

The thinness of the skin and the slowness of the blood-stream
in varicose veins also predispose to phlebitis and thrombosis,
subjects which are dealt with below. It is to attacks of inflam-
mation that most of the more troublesome and painful symptoms
of varicose veins are to be attributed rather than to their mere
dilatation and tortuosity.

The discoloration of the skin in the neighbourhood of a
varicose vein is the result of an escape of some of the red blood-
cells and their subsequent disintegration. It is liable to occur
in any tissues which are chronically inflamed.

Thrombosis and Phlebitis

By thrombeosis is meant the formation of a solid clot, or
thrombus, during life, in the heart or blood-vessels,

Phlebitis means inflammation of a vein, and is frequently
associated with thrombosis.

The clotting of blood is due to the conversion of the soluble
fibrinogen of the plasma into an insoluble form-—fibrin. This
change is brought about by the fibrin ferment (thrombin), which
is believed to arise in part from the disintegration of lencocytes,
but more particularly from the blood platelets. According to
modern views, the platelets play a fundamental part in coagula-
tion. In many cases, at all events, the earliest commencement
of a clot consists in the fusion of masses of platelets; the
formation of a fibrin network is a secondary event.
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The structure of thrombi.— The earliest stages of a clot have
been watched microscopically in the living vessels of a tissue
artificially injured. They have usually been seen to consist in
the running together of the blood platelets into a granular
viscous mass, filling the vessel or adhering to its wall. Such
primary thrombi are known as ** platelet thrombi,” but primary
thrombi of leucocytes have also been deseribed and also hyaline
thrombi of pure fibrin; these latter forms are comparatively
rare. But at the stage when a clot is recognisable by the
naked eye, it consists of a fibrinous network entangling red and

white corpuscles; the platelets are no longer recognisable even

with the microscope. Two chief varieties of thrombus are
found, according as the clot has been formed from blood at
rest or from blood in motion. In the former case, the whole
mass of blood eoagulates almost at the same time, and the
relative proportions of red and white corpuscles are those seen
in normal blood. The red corpusecles so vastly outnumber the
white that the whole clot is of a uniform deep red colour, and
there is no lamination to be seen, Such a clot is at first soft
and gelatinous, easily broken down; it is known as a red or
passive thrombus., But when a elot is formed from a moving
blood-stream it is produced much more gradually, and usually
in layers, so that it is often visibly laminated. It also contains
a great excess of leucocytes, because these habitually move
along at the margin of the stream, and hence become entangled
in the fibrin in disproportionate numbers. Suech a clot is there-
fore pale in ecolour, and it is also firmer and more adherent
than the red thrombus: it is known as the white or aective
thrombus. The distinction between these two forms of clot
is important, and must always be kept in mind. Mixed thrombi
also occur, in which red and white layers are intermingled.
Clotting of the blood in the heart or vessels after death is a
familiar sight in the post-mortem room. It is not thrombosis,
and the student must early learn to distinguish between the two
conditions. The thrombi which naturally occur during life
(apart from ligature of vessels or their accidental obstruetion)
are almost invariably of the white or mixed variety, adherent,
and more or less {riable. Clots formed after death are soft,
gelatinous, and non-adherent, conforming to the type of red
thrombus, except that often a suflicient interval has elapsed
between the cessation of the circulation and the formation of
the clot to allow of a more or less complete subsidence of the
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corpuscles. The most dependent parts of such a clot as may
often be seen in the auricles after death are deep red, while the
uppermost parts are of a semi-translucent vellowish appearance.
The precise appearances depend on the interval after death at
which the clotting has occurred.

The causes leading to true thrombosis may be considered
under two headings, predisposing and direet. It is well known
that blood removed from the living vessels invariably elots unless
special precautions are taken. It is not so much that contact
with living endothelium prevents coagulation, as that eontact
with anything else causes it.

The predisposing eauses of thrombosis are two in number.
The first is retardation of the blood-stream. Mere slowing of
the stream, and even stasis, need not cause elotting in healthy
vessels, but as a predisposing or adjuvant cause this condition
i1s important. In wasting diseases, such as phthisis, the feeble
circulation sometimes results in the formation of a thrombus
in the vessels of the extremities, where the cireulation is naturally
most difficult. The blood clots first behind the valves, the
blood-stream being too feeble to force them open. In other
cases the pressure of a splint, a bandage, or other mechanical
appliance may produce clotting at the seat of pressure. The
slowness of the blood-stream in varicose veins, already deseribed,
is another fertile source of thrombosis. In the second place
there are ecertain constitutional conditions which predispose to
clotting of the blood; such are gout, chlorosis, pregnancy, and
marasmus gencrally. Why this should be so is not clear. It
is possible that, in marasmus, the general feebleness of nutrition
and the slowing of the circulation combine to interfere with a
proper supply of nourishment to the wvascular endothelium,
which thus tends to offer an unnatural surface to the blood.

The direct causes of thrombosis may be classed as follows :—

Injuries.—Any injury to a vein may lead to -clotting,

“but those which lay open the cavity of the vessel are more

likely to do so than are mere contusions. Lacerated and
jagged wounds are followed by more clotting than are clean
incisions.,

Contact with foreign bodies is well known to cause coagulation
of the blood. This is true also of contact with tissues uncovered
by endothelium, as is frequently seen in degenerate and athero-
matous arteries, and cardiae vegetations. The latter increase
in size by the organisation of the thrombus constantly deposited

17



258 CAUSES OF THROMBOSIS

on their surfaces. The extension into a vein of a new growth
may lead to clotting.

Obstructive vascular lesions lead to secondary thrombosis,
as when a vessel is tied, when an embolus oceludes it, or when
it is compressed from without.

Inflammatory changes in the vessel wall, whether these be
primary or due to extension of mischief from surrounding parts,
are amongst the most important direct causes of thrombosis.
Most cases of phlebitis come under this heading, and it is here
that bacterial invasion is seen to play an important part in the
causation of thrombosis., Many of these cases are non-suppura-
tive, and only the routine bacteriological examination of the
clots has shown how large a proportion of apparently spon-
tancous forms of thrombosis are, in reality, of infective origin.
With the more obviously septic cases the ecommon pyogenic
micro-organisms are concerned, and these will be mentioned
later, but there are many streptococel of low virulence, incap-
able of causing suppuration, but well able, should they gain a
foothold in the vessels, to set up a chronie inflammation with
thrombosis.  Of this nature are most of the ecases of ** plastie
phlebitis * now to be mentioned.

Plastic Phlebitis

All ecases of thrombosis were formerly supposed to originate
in phlebitis, but it is now eertain that this is not true. Inflam-
mation of veins is, however, a common thing, and is associated
with a large proportion of those cases of thrombosis which
appear to arise spontancously.

As far as can be ascertained at present, unless phlebitis oceur
in the course of such constitutional conditions as marasmus,
gout, typhoid fever, ete., already mentioned as ecauses of
thrombosis, it always owns a local origin. The exeiting
cause, even in these non-suppurative cases, may be bacterial
infection.

The following causes may result in inflammation of a vein :—

First, injuries.—1f a vein be cut across, as in an amputation,
it, like all other injured struetures, becomes the seat of a local
inflammatory process which results in the exudation of lymph,

both into the walls and into the cavity of the vein. This lymph

usually undergoes organisation into fibrous tissue in exactly the
same way as in arteries which have been injured. Contusions

i -
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and lacerated wounds are also liable to cause local phlebitis,
and continuous pressure may produce a like result.

Secondly, extension of inflammation ffom surrounding parts.

In all cases of inflammation, the veins share in the changes
which oceur in the parts around them. Exudation of cells,
vascularisation of the inflammatory products, softening of the
vein-wall, and finally destruetion by suppuration, may all ensue.
If the inflammatory exudation takes place beneath tense strue-
tures, such as faseim, the pressure of the exuded material is liable
to give rise to a widespread thrombosis, in addition to the
clotting which results from the inflamed state of the vein-walls.

Thirdly, presence of a thrombus.—A thrombus in a vein
causes a certain amount of irritation, and imflammation of the
vein-wall ensues.  The termination of this phlebitis will depend
upon the character of the clot; suppuration occurs only when
the latter is in a septic condition.

The changes that oceur in the vein as the result of phlebitis
are such as are common to all inflammations, and need no
special deseription. They include swelling and cell exudation
and proliferation, and the cells may either be absorbed, or may
remain and cause a permanent thickening of the vein-wall, by
the formation in it of fibrous tissue. The effect of the phlebitis
on the circulating blood is the formation of a thrombus, and
the consequent blocking of the affected vein. This may cer-
tainly occur independently of exudation of lvmph into the cavity
of the vessel, and result from the injury done to the endothelial
lining by the inflammatory process.

It will thus be seen that whilst, on the one hand, thrombosis
may cause phlebitis, on the other, phlebitis results in throm-
bosis. Further, the same causes which produce thrombosis
may also cause phlebitis, and in many cases it is quite impossible
to say whether the thrombosis is primary or whether it is
secondary to an antecedent phlebitis.

When a thrombus has been formed in a vessel, it may extend
either with or against the blood-stream, and frequently it
grows in both directions. The blood on each side of the thrombus
1s not in a stagnant condition, but, on the contrary, is kept in
a state of constant and regular agitation. Consequently the
thrombus increases not only by a gradual extension of coagula-
tion through a column of stagnant blood, but by the formation
of active clot from the still circulating blood at either end.

If the clot extend towards the heart, its formation is usually
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arrested when it reaches the orifice by which the oceluded vein
opens into a larger trunk, a termination which is promoted by
the greater vigour of the circulation in such a vessel. Such an
arrest is not, however, of constant oceurrence, for it oceasionally
happens that elot or fibrin is deposited upon the thrombus where
it protrudes into the main trunk, and by a continuance of this
process the latter may itself be oceluded.

When the clotting progresses against the blood-stream, it
does not usually extend beyond the first patent collateral branch.
If the original thrombosis has commenced in a main vein, such
as the femoral, then, on account of the great interference with
and the retardation of the blood-stream, clotting is liable to be
very extensive.

Changes in the thrombus.—The first and most constant
change is contraction. This contraction is always very notice-
able in a blood-clot formed outside the body, and, for long after
the formation of the coagulum, serum continues to be squeezed
out. Exactly similar changes occur in the thrombus formed in
a vein, and, in consequence, the wall of the vessel is puckered
at the places where the plugged branch veins enter it, although
when examined post mortem the vein as a whole is much more
distended and prominent than is a healthy vessel. All thrombi
are more or less adherent to the vein-wall. In most cases the
adhesion is simply by coagulated fibrin, but is oceasionally, in
old clots, by fibrous tissue.

After it has contracted, the thrombus becomes gradually
decolorised, the red blood-ecells disintegrating, and their colour-
ing-matter being diffused and removed in the manner already
deseribed in the chapter on Contusions. The older a clot, the
whiter it is.

In very many cases the clot is finally absorbed in great part
if not entirely. It is most probable that this absorption is to
a large extent the result of simple degenerative changes which
occur in its more central parts in consequence of insufficient
nutrition; but there can be little doubt that much of the
absorption is due to the action of the leucoeytes which are
exuded into the clot from the wall of the vein in which it lies.
It is a well-ascertained fact that the removal of clots outside
the vessels is due to the action of white blood-cells, and, as the
number of leucoeytes in a thrombus constantly inereases from
the time of its first formation, it is highly probable that here
also they are employed in a similar work.

i
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When absorption does not take place, organisation and vascu-
larisation may ensue. The process is the same as that already
described as occurring in the internal clot in arteries after
injuries, and is the result of a proliferation of the endothelial
and sub-endothelial cells, and their development into fibrous
tissue. This fibrous tissue afterwards contracts, just as does
a scar, and may either draw the vein-wall with it, or may shrink
to one side of the vessel and so allow of the re-establishment of

Fig. 57.—Organisation and Vascularisation of a Thrombus, The middle
coat of the blood-vessel is seen above. The intima has blended with the
thrombus, which is permeated by abundant new blood-vessels, between
which new fibrous tissue has been laid down.

the cireulation. Much more rarely the blood bores a hole through
the organised clot, and thus, as it is termed, ** tunnels 7 the
thrombus.

Lastly, thrombi which are of long standing may undergo
calcareous degeneration and form ** phleboliths.” These small
coneretions are very common in the veins of the prostatic plexus
in old subjects and in varicose veins in the leg.

Results of thrombosis.—The result of the arrest of the circula-
tion in any vein will depend on the freedom with which the
blood is able to return by other channels. Where the occluded
trunk is small and superficial the tissues which it drains may
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present no change. If, on the contrary, the vein be the main
one of the limb—e. g. the femoral—then there is, at first; a bluish
discoloration with swelling, followed, after a time, by a dead-
white colour and a solid sort of cedema, with alteration in the
shape of the leg and thigh. When the vein is permanently
blocked, this cedematous condition may persist for years, and
is generally attended by mueh interference with the usefulness
of the part. :

Rarely, portions of the clot become detached, and are carried
by the circulation to the right side of the heart, and thenee to
the lungs. The effects of this embolism of the branches of the
pulmonary artery depend almost entirely on the size of the
embolus, and the consequent interference with the pulmonary
circulation. A large embolus causes sudden death.

Suppurative Phlebitis

Suppurative phlebitis is always the result of septie changes
in the tissues around the vein, and is usually the result of a
wound. There is no such thing as idiopathic or primary inflam-
mation of a vein, with exudation of pus into its cavity. It is
a matter of invasion of the vessel by pyogenie bacteria,

Suppurative phlebitis, indeed, is usually accompanied by
diffuse eellulitis, an inflammation which readily extends along
the eellular tissue which surrounds the venous trunks. There
is thus a so-called * periphlebitis,”” and the inflammatory
changes secondarily extend to and implicate the wvein-wall
itself. In eonsequence of the alteration thus produced in the
lining membrane the blood clots, and the vein is plugged.
The inflammation progresses, and the vein-wall is involved in
the suppuration. Finally, in parts, the coats of the vein are
destroyed, and pus now mingles with the clot already formed.
Hzemorrhage does not oceur, and the pus does not mingle with
the blood-stream, for the reason that clotting always precedes
the extension of suppuration into the wvein. In suppurative
phlebitis, the elot never becomes absorbed or organised, but
is always destroyed with the vein in which it lies. Circulation,
therefore, is never re-established in the vein itself,

There is another way in which suppurative phlebitis may
originate. In cases of pymmia, the clots which are formed in
the veins become themselves impregnated with infective material
absorbed from the wound. These clots excite suppurative
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inflammation in the vessels which contain them, and the clots
themselves become disintegrated and mingled with the products
of inflammation, If portions of these broken-down and septic
clots are carried into the circulation, not only will they cause
embolism of the pulmonary vessels, but wherever they lodge
they will infect the tissues in which they lie, and will excite in
them an inflammation similar to that which was in progress
in the part from which they were originally derived. (See
Pyzemia.)



CHAPTER XXXI
EMBOLISM

Emporis™ is the term applied to the plugging of a vessel by a
foreign body—usually a blood-clot—which has been ecarried
from a distance by the blood-stream. The foreign body is
called an ** embolus.”

An embolus may be formed in either the arterial or venous
system; in the left or right side of the heart. Most commonly
it is formed in the left side of the heart, and consists of fibrin
or blood-clot from diseased aortic or mitral valves. In some
cases these emboli contain calearecous material. An embolus
originating in the left heart will, when swept into the blood-
stream, be earried into the systemie circulation, and will be
arrested when it comes to a vessel too small to allow its transit.
Very commonly the arrest oceurs above a bifureation.

In other cases the embolus originates in a vein; and then
consists of clotted blood. If a portion of elot in a thrombosed
vein be detached, it will be carried to the right side of the heart,
and thence into the pulmonary circulation, where it will plug
some branch of the pulmonary artery.

The immediate result of the lodgment of an embolus is the
partial or complete arrest of the blood-stream. Very shortly,
the blood clots at the seat of embolism, and a thrombus is
thus formed around the embolus. The presence of the embolus
excites inflammatory changes in the vessel-wall, and from the
vasa vasorum of the latter new vessels are developed, which
penetrate the embolus and its surrounding clot. Inflam-
matory changes now occur, and the clot, becoming ** organ-
ised,” adheres to the wvessel-wall. In this way the plugged
artery is permanently occluded.

Such is the usual result of embolism, but, in rare cases, the
embolus, being composed of soft clot, may be disintegrated and
the channel of the vessel may be reopened. In other, and still
more rare, instances, an aneurysm may form at the seat of
embolism, as described in the chapter on Aneurysm.

204
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In addition to the loecal effects of embolism, the parts to
which the plugged vessel is distributed suffer from deficient
supply of nutriment. At the moment that the artery is

Fic. 58.—An Aorta, laid open at its bifurcation to show an embolus
lodged at the commencement of one of the common iliac arteries. The
embolus is concealed by recent clot, and the consecutive thrombosis
extends for some distance down the vessel,

oceluded, the patient usually suffers severe pain at the place
where the embolus lodges, while-in the peripheral parts he
experiences sensations of numbness, with superficial burning
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pain and loss of power in the museles. Unless the collateral
circulation enlarges, the most distal parts will gradually pass
into a condition of dry gangrene, and, in Some cases, such a
result is hastened by the detachment of small portions of the
embolus or its surrounding thrombus and eonsequent embolism
of other and more distal vessels. (See Gangrene.) In many
rases of embolic gangrene, complicated by heart-disease, the
patient does not long survive the death of a limb.

The effects of embolism of a branch of the pulmonary
artery depend to a great extent on the size of the occluded
vessel.  If very large, death may ensue almost instantaneously ;
if not, recovery may follow after temporary consolidation of
the lung around the plugged vessel. The subject of * septic
embolism ” has already been dealt with in the chapter on
Pyamia.

Instead of blood-clot and fibrin, an embolus may be com-
posed of portions of a tumour which has grown into the sur-
rounding vessels without causing their obliteration, of miero-
organisms, of parasites, ete. Such cases are necessarily of
considerable rarity, and of no great practical importance. Fat
embolism is of some interest, for it has been held to explain
cases of death after both simple and compound fractures which
would otherwise be obscure. It results from the destruction
of the fat-cells in the fractured bone and the passage of fat-
globules—often aided by the tension produced by inflam-
matory exudation—into the lymphatics and wveins. From
these vessels the fat is carried to the lungs, and causes obstruc-
tion of the pulmonary capillaries. Animal experiment, how-
ever, shows that this condition is not attended by any par-
ticular danger, unless it is excessive in degree, or unless the
fat-globules are septic. It is probable that the importance of
fat-embolism has been overrated.

Air-embolism has been already described. (See Air in
Veins, p. 216.)
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CHAPTER XXXII
DISEASES OF THE LYMPHATIC SYSTEM

Lymphangitis

LympuaNGITIS, or inflammation of the lymphatic vessels, is
due to the spread along them of certain pathogenic bacteria
from a wounded surface. It is especially prone to follow
poisoned wounds of all kinds, and is thus frequently seen in
cases of post-mortem wounds, as well as in the injuries sus-
tained by butchers from implements used in their work. The
infecting agent, in these cases, is almost invariably Strepto-
coccus pyvogenes. In many cases, the injury is extremely
slight, such as a seratch or a prick, and the retention of pus,
even in minute quantities, seems greatly to favour the develop-
ment of the disease. Commencing in the radicles of the lym-
phatic system, the ‘inflammatory process extends along their
cellular tissue sheath as well as in the vessel-wall itself; when
the trunk is a superficial one, the skin commonly shows a red
line in the course of the affected lymphatic. As a result of the
inflammation, the vessel-wall becomes thickened, and its con-
tents turbid or coagulated. Sometimes suppuration ensues,
and very often lymphadenitis complicates the course of the
disease.

Lymphangiectasis and Lymphorrhcea

Lymphangiectasis, or dilatation of lymphatic vessels, results
from anything which obstructs the flow of lymph to such an
extent that the collateral as well as the main channels are
elosed, This condition sometimes results from a chronic lym-
phangitis, but more often from the pressure of some new growth.
In not a few instances, no cause can be assigned. The common
situations for varicose lymphaties are the inguinal regions and
the inner side of the thigh. The appearance of the skin in

such cases has been likened to the rind of an orange, and when
267
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numerous lymphaties are much dilated, they present just the
same tortuous outline, with pouches at the eurvatures, as do
raricose veins. They are, however, quite colourless, and only
covered by the surface epithelium., Oceasionally, in connec-
tion with this disease, there is a rupture of the dilated vessels
and a discharge of lymph—a condition known by the name of
lymphorrheea.

Lymphangioma is something more than an exaggeration of
Ivmphangiectasis, the dilated lymphatics constituting a true

Fra. 58— Section of part of the surface of a tengne from a case of
Maeroglossia. Both the deeper tissues and the thickened epithelium
show numerous dilated lymphatic spaces,”

new growth. These growths are sometimes congenital, and in
a marked case may resemble a diffuse papilloma, with very
translucent papille. Miecroscopieally, the growth is seen to be
composed of dilated lymphaties. In ecases of maeroglossia also,
much of the enlargement of the tongue is found to be due to
dilated lymph channels.

Elephantiasis

The term ** elephantiasis ”* is applied to all forms of chronie
hypertrophy of the skin and subeutaneous tissue which result
in the production of much deformity. The term * spurious
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elephantiasis ** has been lately applied to those cases in which
the disease is the result of inflammation of no specific or definite
form. Good examples may be seen in the enlargements of the
legs of patients with chronic uleers, or of the serotum in cases
of long-standing urethral stricture with fistulee. The enlarge-
ment is due to an overgrowth of the connective-tissue elements
of the parts. This inerease is due both to the vascularity of
the chronically inflamed tissue and the attendant exudation,
and also to the subsequent interference by pressure with the
flow of lymph in the lymphatics.

The term true elephantiasis, or elephantiasis arabum, is
applied to a special form of the disease which is endemic in
the majority of tropical and sub-tropical countries, and which
develops independently of previous loeal inflammations. The
natives of the countries infested by the disease are more liable
to attack than are Europeans. The onset of the disease is
marked by fever, and the skin of the affected part—generally
the leg or scrotum—becomes red and inflamed, with small
vesicles on the surface, These attacks of cutaneous inflammation
frequently recur, and each one leaves in its train a permanent
distension of some of the lymphaties. The subcutaneous tissue
is at first soft and cedematous, and pits on pressure; after a
time, it becomes hard and brawny, and the skin is either covered
with vesicles and dilated lymphaties, or in the later stages is
eczematous, roughened, tubercular, and horny. The amount
of newly formed fibrous tissue is frequently enormous, the
serotum weighing as much as one hundred pounds or more,
and the thigh measuring one or two feet in diameter.

The cause of true elephantiasis was for long the subject of
much speculation, but it is now clear that it is associated with
the presence of a nematode worm (the Filaria Banerofti) in the
lymphatie tissues. The adult female worm is about 3} inches
in length, and as thin as a very fine hair, having a breadth of
about 1} of an inch; the adult male is slightly shorter.

The worm breeds freely in the human body, and appears to
choose for its habitat the lymphatic tissues, just as the Trichina
selects muscle. The embryos, which are about +'; of an inch
_in length, and %o in width, are endowed with free mobility
from their birth, exhibiting lashing, eel-like movements when
placed under a microscope. They readily make their way
along the lymphatic vessels, and reaching the thoracic duct,
enter the blood-stream. In the commonest form of the discase,
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in which the embryo worms are known as Filaria nocturna,
they are usually entirely absent from the blood during the
day, beginning to appear about evening, and being present in
enormous numbers during the night.

This periodicity depends on the wakefulness or otherwise
of the patient, for if sleep be taken during the day instead of
at night, the filarie also change their habits. During the
waking hours they appear to congregate by some unknown
mechanism in the larger arteries, and in particular in the
pulmonary eirculation. These embryo filarie do not undergo
further development whilst in the human body, but it appears
from the investigations of recent observers—especially Manson—
that the mosquito is their next host. They are taken up by the
mosquito when the latter draws blood at night, and in it they
further develop, until they finally come to lie in the head of the
insect in the vieinity of the proboseis. They are thus trans-
ferred anew to the human host by the bite of the mosquito.

The presence of filarize is supposed to produce elephantiasis
by keeping up a chronie irritation and inflammation of the
Iymphatics in which they breed, but it is more probable that
the lymphatie vessels themselves are mechanieally blocked by
prematurely discharged, immature ova, which have a much
greater transverse diameter than the embryo filarie. It may
be mentioned that other diseased conditions are also due to the
presence of the Filaria Bancrofti, especially some forms of
chylous ascites, chyluria, and hydrocele containing chylous
fluid. These conditions depend upon blocking of the thoracic
duet.

Lymphadenitis

Lymphadenitis, or inflammation of a lymphatic gland, is
generally the sequel of an injury to, or inflammation of, some
peripheral part in which the lymphatic vessels passing to the
inflamed gland arise, and is often a complication of lymph-
angitis. In some cases direct injury appears to act as the
exciting cause; in others, excessive or long-continued exercise
may start the affection, but in at least the great majority of
cases, perhaps in all, the true cause of the condition is a bacterial
infection. Inflammation of lymphatie glands is met with in
various forms of specific disease—e. g. gonorrheea, erysipelas,
ete.—but at present only the simple non-specifie inflammations
will be considered.

P
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The affected gland presents all the ordinary appearances
common to inflammations in general; it becomes congested,
soft, and swollen, and the loose connective tissue in which it
lies shares in the pathological changes. On section, it is found
to contain a good deal of fluid, and microscopical examination
shows that it is abnormally infiltrated with ecells, which are
especially numerous in the cortex. These cells are mainly
derived from hyperplasia of the existing tissue elements (lympho-
eytes and endothelium), but in suppurative Ivmphadenitis they
are largely emigrated polynuclear leucocyvtes. In some cases
a fibrinous network is present. Lymphadenitis may terminate
in different ways. In favourable eases resolution occurs, the
vascularity subsides, and the exuded leucocytes return to the
lymphatic channels. Very commonly suppuration results, the
leucoeytes increase in number, many of them die, and small
collections of pus form in different parts of the gland and in
the surrounding cellular tissue. These collections run together,
and an abscess forms and comes to the surface. In severe cases
the inflamed gland sloughs, and the abscess which necessarily
occurs in such cases exposes, when it bursts, the necrosed
gland lying in its floor. Where the eause of the original inflam-
mation is itself persistent the inflammation becomes chronie,
the cells, as in all chronie inflammations, tend to develop, and
the affected gland and the neighbouring tissues are enlarged
and indurated by the growth in them of connective tissue, If
the invading bacterium be the tubercle bacillus the case runs
the ordinary course of tuberele; even if not primarily tuber-
culous, if the patient be strumous, tubercle may develop, and
the inflammatory products will then caseate or caleify in the
manner already described in the chapter on Tuberele.

Tumours of Lymphatic Glands

Lymphoma.—A lymphoma is a tumour composed of lymph-
atic glandular tissue. Its most ecommon situation is the neck,
and it may affect one or more glands. Lymphomata vary in
size, and although it is seldom that any single gland attains a
_greater size than that of a hen’s egg, several affected glands
may together form a mass of considerable bulk., These growths
are encapsuled, do not infiltrate the neighbouring tissues, and
although often rather adherent, do not show signs of inflam-
matory thickening. The tumours are not malignant and are
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painless. On section, exeept for their unusual size, they present
the appearance of a normal lymphatie gland, though the folli-
cular pattern of the gland is commonly obscured. Mieroscopi-
cally, they do not differ from lymphoid tissue, and it is difficult
to say whether they should be classed amongst the simple
hypertrophies or the new growths.

Lymphadenoma.— Lymphadenoma, sometimes known as
“ Hodgkin’s disease,” is an affection characterised by over-
growth of lymphoid tissue in many parts of the body. It
commences in the lymphatic glands themselves, and usually
in a single group of such glands, more often in the neck than
elsewhere. Adjacent groups of glands tend to become second-
arily affected, and the disease may ultimately involve most of
the glands in the body. In the later stages the lymphoid tissue,
which is widely distributed throughout the organs, though often
in such minute amount as to escape recognition under normal
conditions, becomes affected by the overgrowth. The spleen
is enlarged and shows abundant white or yellowish islands
scattered through its substance, so that it is often known as the
** hard-bake spleen.” The liver may be similarly affected.
The pleura frequently shows diffuse nodular thickening, and
the hyperplasia may extend along the peribronchial and peri-
vascular lymphatics of the lung. The bone marrow, the intestinal
canal, and the kidney are sometimes, but less commonly,
affected. The condition found post morlem often suggests
the metastasis seen in malignant growths, but there is this
difference, that the secondary masses seem always due to
enlargement of pre-existing lymphoid foci; there is not the
indiseriminate metastasis seen in sarcoma,

The affected lymphatic glands are greatly enlarged, but not
as a rule matted together, nor does the growth tend to invade
adjacent tissues; it is limited by the capsule of the gland, and
thus contrasts with the true sarcomata of lymphatic glands.
In some cases the growth is soft, and the glands, on section,
have a semi-translucent, yellowish-white appearance, mottled
in places by small hemorrhages. In other cases the growth is
firm, tough, and elastic. “ Soft® and ‘ hard” forms of
lymphadenoma have thus been distinguished, but no wvery
sharp line ean be drawn between the two; intermediate forms
occur, and the most that can be said is that the softer forms
tend to run a more rapid course, while the harder and more
fibrotic forms are more chronie. As a rule, no caseous areas
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are visible in lymphadenomatous glands, and herein it contrasts
with tubercle : nevertheless, opaque areas of neerosis are some-
times seen, and are in some eases due to s;_-:_-umlm-:.,r tuberculous
infection.

The microscopic appearances of a gland affected with
lymphadenoma are usually characteristic. The gland is uni-
formly affected, not patchily, as in tuberele. There is an
overgrowth of the stroma, and a relative diminution of the
lymphoeytes which normally occupy its spaces. The normal

Fig. 60.—Section of a lymphatic gland affected with lymphadenoma.
There is & general increase in the stroma and endot helial elements with
a diminution in the lymphocytes. Several large *lymphadenoma
cells ™ are seen.

stroma of a lymphatie gland consists of a fibrillar reticulum upon
which are set large endothelial plates. Both these elements
show a hyperplasia. In the hard forms of lymphadenoma the
most obvious feature is a fibrosis due to overgrowth of the
fibrillar reticulum. But the most characteristic histological
feature of the disease is an incerease in the endothelial elements,
which may be distinguished from the lymphoeytes by their
larger size, and by the larger amount of clear protoplasm present
around the nueleus. Most characteristic of all is the occurrence
of very large endothelial elements with from two to four deeply
18
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stained nuclei. These are the so-called * lymphadenoma-
cells,” and in the softer forms of lvmphadenoma they are often
numerous and conspicuous, standing out like plums in a pudding.
On the other hand, ecases oceur, running the clinical course of
lvmphadenoma, in which the histological appearances are hard
to distinguish from those of simple lymphoma. This is especially
the case in the earlier stages of the disease. One other micro-
scopie feature of lymphadenoma is worth mentioning, though
it is not a constant one, namely, the frequent presence of very
large numbers of eosinophil cells in the tissue.

The true nature of lymphadenoma has been much diseussed.
On the one hand it has been regarded as a form of sarcoma,
on the other as a manifestation of tubercle. Tts peculiar and
usually chronie course, with the absence of infiltration of
adjacent tissues, and of true metastasis, distinguish it from
genuine sarcoma, and bring it more into line with the infective
granulomata. It is certainly not tuberele, for in typical cases
the histological appearances are very different, and no tubercle
bacilli are demonstrable even by the most delicate test—that
of animal inoculation. Confusion has arisen on this point,
owing to the fact that tuberele is not rarely engrafted, as a
secondary infeetion, upon glands primarily affected by lymph-
adenoma. Such mixed forms are not uncommon, and cases of
Hodgkin's discase may die of generalised tuberculosis. It is
probable that lyvmphadenoma is an infective granuloma, distinet
from tuberele, but one in which the infecting agent is at present
undiscovered. The blood-changes in this disease are not dis-
tinetive, and in no way resemble those seen in the leukamias,
in which also there may be diffuse glandular enlargements.

Leukaemia is a subject outside the scope of this work, but it
may here be mentioned that two chief varieties are distin-
guished : the myelogenie, characterised by great splenic enlarge-
ment, and by specific blood-changes due to a wholesale out-
pouring into the ecirculation of the granulated leucocytes
both in their mature and immature forms, derived from the
bone marrow. These consist of neutrophil, eosinophil, and
basophil eells.  The second variety is the lymphatie, in
which the blood is loaded with ungranulated leucocytes, or
“lymphocytes.” The chief point of surgical importance, in
connection with myelogenie leuksemia, arises when the extirpa-
tion of an enlarged spleen is to be considered. This procedure
is wholly unjustifiable where the enlargement is associated with



LYMPHO-SARCOMA 275

the blood-changes characteristic of myelogenie leukamia; -
such operations seem invariably fatal. In the absence of such
blood-changes, the operation may be more reasonably under-
taken, in spite of its gravity, and there is one condition, viz.
“ splenic an@mia,” in which splenectomy offers the best hope
of cure. The same cannot be said where the blood shows a
great increase in the lymphoeytic elements. Lymphatic leu-
keemia oceurs in two forms: a chronie form, with marked
splenic enlargement, and an acute form, with little enlargement
of the spleen, but with a great tendency to hemorrhages. The
latter form is sometimes associated with malignant lymphatic
growths of a sarcomatous nature.

Lympho-sarecoma.— This term has been used in more than
one sense by different writers. It has been applied to any
rapidly growing small round-celled sarcoma, with a scanty
fibrillar reticulum, on account of the histological resemblance
to lymphoid tissue. As a matter of fact, most small round-celled
sarcomata present such a resemblance, and the term *° lyvmpho-
sarcoma ™ is not worth using in this sense. Others have
employed it for the sarcomata arising primarily in Iymphatic
glands, and if the term is to be used at all, this is perhaps the
best significance to attach to it. Such sarcomata are almost
always of the round-celled variety and run a rapid course.
They differ from lymphadenoma in that they speedily transgress
the capsule of the gland and infiltrate adjacent structures.
Secondary growths oceur indiseriminately in various situations,
and the patient soon shows a marked cachexia. Such tumours
arise more frequently in the lymphatie glands of the mediastinum
than in any other situation, and econstitute the commonest
form of malignant mediastinal tumour. Similar growths oceur
in other situations, but are uncommon. They may oceur in
the axillary glands and in the tonsil.  Care must always be taken
to make sure that a given growth of this deseription is truly
primary in lymphoid tissue, and not a secondary deposit. The
warning is not unneeded, for it may chance that the primary
growth is certainly elsewhere, but so small as to escape detece-
tion. This may be the case in melanotic sarcoma, or the
enlarged glands may be found, on microscopiec examination,
to show the characteristic structure of earcinoma, though no
primary focus of cancer can be found.

It will be noted that the nomenclature suggested in the
preceding paragraphs for the primary tumours of lymphatic
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glands is based to a large extent upon clinical considerations.
The term ‘ lymphoma > is used for such as run a perfectly
innocent course, = lymphadenoma ** for that form which behaves
after the manner of an infective granuloma, and ** sarcoma,”
or, if preferred, ** lvmpho-sarcoma,” for such as present definitely
malignant characters. Certain histological differences do,
indeed, exist, in typical cases, between these clinical types,
but it is not always safe to base a prognosis upon them.

The frequency with which the lymphatie glands are second-
arily affected by malignant tumours is well known, and the
matter is referred to in connection with the new growths of
different organs, There is, however, one rare form of primary
growth in the lymphatie glands to which allusion may here be
made. Cases of slowly progressing enlargements of the glands
(usually the cervieal groups) are sometimes met with, in which,
on microscopical examination, the tumours present a structure
suggestive of carcinoma. Masses of large clear cells fill the
gland, not unlike squamous epithelium, but with no arrange-
ment in cell-nests.  No primary growths can be found else-
where, but the tumours recur after removal, though the case
may run a chronic course. Children seem more liable to this
rare affection than adults, and it has been suggested that the
tumour is really a primary endothelioma of the lymphatie glands.,



CHAPTER XXXIII
DISEASES AND INJURIES OF THE LARYNX

Simple acute laryngitis, or inflammation of the larynx, which
is usually due to bacterial infection, often comes on after expo-
sure to wet or cold, but may result from extension of inflamma-
tion from neighbouring parts, from inhalation of irritating
chemical vapours, and from injuries inflicted by foreign bodies
or by hot liquids; it is also, but more rarely, met with in some
of the exanthemata, and especially in measles,

It 1s characterised by acute hyperemia and redness, with
some swelling and the formation of a watery or viseid discharge.
In severe cases the inflammation may terminate in the forma-
tion of an abscess or of ulcers, whilst very exceptionally the
mueous membrane may even slough. Small ecchymoses are
comparatively common, and the term ** heemorrhagie laryngitis
is sometimes employed to indicate cases where the expectoration
is blood-stained.

(Edematous laryngitis is but a variety of the acute form, in
which cedema is developed to an unusual extent; 1t 15 most
commonly seen in connection with scalds, and the extension of
erysipelatous inflammation.

Simple acute laryngitis is seldom fatal in adults, but, in
children, in whom the glottis is but a narrow aperture, dyspnoea
is common on account of the obstruction caused by swelling,
and is sometimes very urgent; it is increased at intervals by
spasm or by the collection of viscid mucus. In cedematous
laryngitis dyspneea is, in adults as well as in children, a most
prominent symptom, and is caused by the great swelling of the
ary-epiglottic folds and ventricular bands. Dysphagia and the
sensation of a foreign body in the throat are also often com-
plained of and result from the swollen state of the epiglottis,
which is rendered rigid and erect by the infiltration of fluid
beneath its mucous membrane. In even the most severe cases
the cedema is limited to the larynx, and does not extend below

the true vocal cords.
277
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(Edema of the glottis oceurs also as a complication of all
the other varieties of larvngitis, and i1s sometimes met with in
general dropsy and in diseases of the kidneys.

Simple chronie laryngitis is commonly the result of excessive
use of the voice, but oceurs also as a sequel to acute laryngitis,
and is often met with in patients who are habitual drunkards.
In such cases the voeal cords become red, thickened, and fleshy,
and the whole mucous membrane is usually irregularly thickened
by the growth of newly formed fibrous tissue in its substance,
whilst enlargement of the mucous follicles and destruction of
the surface epithelium are ocecasionally seen. The term
* follicular laryngitis ** has been applied to those cases in which
the follicles are especially enlarged and distended with muecus.
Small cireular uleers sometimes form in this variety of laryngitis.

Croupous and Diphtheritic Laryngitis

The term * eroup ™" was for long used to indicate an inflam-
mation of the air-passages associated with the formation of
membrane, and in this sense it is still frequently employed.
At the present time, however, it is believed by an increasing
number of observers that cases of so-called ** croup ™ are either
examples of diphtheria or of simple laryngitis, and it is probable
that larvngitis with the formation of membrane does not exist
as a disease separate from diphtheria.

Cases of laryngeal dyspnoea occurring in children may there-
fore be looked upon as either instances of simple laryngitis with
associated spasm of the muscles of the glottis, or if membrane
is present, as of a diphtheritic nature,

Diphtheria is a constitutional disease characterised by an
inflammation of the fauces and air-passages with the formation
of membrane.

The disease 1s due to a specific organism, the Klebs-Liffler
bacillus, and bad hygienic conditions predispose to it. It is
most common in children, and i1s more fatal in them than in
adults. It commonly commences as an inflammation of the
tonsils, uvula, and pharynx, and in most cases the inflammatory
process does not extend to the larynx at all. In some of the
worst eases the diphtheritic inflammation is confined to the
nasal mucous membrane.

The affected parts are at first red, swollen and inflamed, but
soon assume an ashen-grey tint, and after a day or two become

i
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covered with a thick leathery membrane. If this is peeled off
a raw granulating surface is exposed. The microscope shows
that the mucous membrane is covered with dense masses of
bacilli and micrococei, and that there is eell exudation into its
deeper parts. The membrane is generally formed by the necrosis
or death of the epithelial cells and the upper part of the sub-
epithelial tissue, together with a fibrinous exudation, not only
on the surface but in the dead tissues themselves, so that it
may be said that in diphtheria there is an inflammation followed
by sloughing of portions of the affected mucous membranes,
If the slough or membrane is peeled off, it of course exposes a
granulating surface, and when the membrane has been separated
the resulting ulcers cicatrise. This description applies to well-
marked and typical eases, but it is now known, as the result
of bacteriological investigation, that many instances of slighter
sore throats may be truly diphtheritic in nature. Diphtheria
is a very fatal discase, and may cause death in several ways,
In bad eases the patient may die of the general constitutional
affection before any membrane has been formed; in other
cases, death results from extreme anmmia and exhaustion;
but in many patients, and especially in children, death ensues
from implication of the air-passages and dyspnaea. This may
be due to the swelling of, or formation of membrane upon, the
mucous lining of the larynx, but in other eases is the result of
an extension of the membrane to the trachea and the bronehi,
and in not a few instances is due to the development of bronchitis
and broncho-pneumonia,

In most cases of diphtheria there is an associated enlargement
of the cervical lymphatie glands and albuminuria. Later on,
diphtheritic paralysis may develop,

Tuberculous laryngitis is almost invariably a sequel to tuber-
culous disease of the lungs, and is said to oceur in about 30 per
cent. of cases of tuberculous phthisis.

It often, and especially in bad cases, commences with a
general cedematous appearance of the larynx, the mucous mem-
brane of which is often abnormally pale, the parts most carly
affected by the swelling being the arytenoids, with the neigh-
bouring mucous membrane, and the epiglottis. In this swollen
membrane a microscopical examination shows the deposit of
tuberele, and very quickly the smooth epithelial lining becomes
first raised in small swellings, and subsequently pitted with
minute ulcers, which as they increase in size coalesce and extend
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in depth, and rapidly destroy the epithelial surface. The
ulceration often commences near to the posterior attachment
of the vocal cords, but subsequently may extend to any part
of the larynx. In exceptional cases the uleeration results in
perichondritis and destruction of the laryngeal ecartilages.
Dyspncea is not generally a prominent symptom, but in exeep-
tional cases may be severe enough to warrant the performance
of tracheotomy. In another class of case the affection is not
at all so serious, and merely causes some reddening and thicken-
ing of the cords without
material swelling or wulcera-
tion, and without fixation.

Syphilitic laryngitis occurs
under several forms, In
secondary syphilis the larynx
is often attacked by an ap-
parently simple inflammation
with redness and eatarrh,
whilst superficial uleeration,
and much more rarely mucous
tubercles, may develop.

In late syphilis the larynx
may be affected by deep and
rapidly extending uleeration,
which is very liable to pene-
trate and attack the cartilages;
it is rarely the result of the
breaking down of gummata.
In bad cases there may be

FiG. 61.—A Syphilitic Larynx. There
has been extensi ve nleeration, with destroe- 2 3 4
tion of the epiglottis, followed by the caries or necrosis of the earti-

formation of cicatricial bands. laces. with 'Sllbﬁ'['{]_llﬂﬂt- exten
et . : - 5

sion of the inflammation into the subcutaneous tissues and the
formation of abscesses. In all cases the epiglottis 1s especially
liable to be attacked and may be completely destroyed.
Oceasionally the inflammation commeneces in the perichondrium,
and only subsequently extends to the mucous membrane. The
inflammatory process is liable to be very chronie, but in any case
cedema may suddenly ensue and urgent dyspncea may result.
In cases of long standing there is often much thickening of the
mucous membrane and cicatricial contraction, whilst, more
rarely, bands of membrane and adhesions unite the opposed
inflamed surfaces. In this way the orifice of the glottis may
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become much contracted, and permanent stenosis and dyspncea
may result. The larynx may be affected in any of the above-
mentioned ways in patients with congenital syphilis.

Tumours of the Larynx

The most common innocent tumour of the larynx is a
papilloma. The papillomata of the larynx differ somewhat
from each other, and may be cither single or multiple, peduncu-
lated or sessile. They occur at all times of life, but are rare
after fifty, and are relatively
common in childhood. Their
most frequent scats are the
voeal cords, especially their most
anterior parts, and the ventricles.
Their surface is warty and rough,
and their colour grey or red.
The most prominent symptom
caused by these tumours is
hoarseness of voice, but in
children they may cause much
spasm and dyspneea, and oc-
casionally terminate fatally,

Fibromata of the larynx are
slowly growing tumours, most
common in people of middle
age, and usually situated on the
voeal cords. They are commonly
single, and form round or oval
smooth tumours. They are generally no larger than a pea,
but may be as large as a hazel-nut, and are either sessile or
pedunculated. Their eut surface is white, and the mieroscope
shows that they consist of dense fibrous tissue.

Mucous eysts are developed in connection with the mucous
follicles of the larynx. They are most common on the back of
the epiglottis and in the ventrieles, and vary in size from that of
a pin’s head to that of a hazel-nut. They contain clear mueus.

In addition to these above-mentioned innocent growths,
adenomata, angeiomata, chondromata, lipomata, and myxomata
have been deseribed ; all these varieties of tumours are, however,
of very rare occurrence.

The most common malignant growth of the larynx is

Fic. 62 —Papilloma of the Voeal Cords.
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undoubtedly epithelioma ; it may be either intrinsie or extrinsie
in its origin.  The former term is applied to tumours which com-
menee completely within the laryngeal box and grow on the true
vocal cords, in the ventricles, and on the parts beneath the cords.
Tumours originating in the epiglottis or the ary-epiglottic folds
are said to be extrinsie,

The patients in whom epitheliomata occur are most frequently
men over middle age, and the growth may originate in any part
' of the larynx. The surface
of these tumours is generally
very definitely papillary or
warty, and for this reason
mistakes in diagnosis. are
common. The growth of
epithelioma of the larynx is
comparatively slow, and life
is generally prolonged for
rather more than two vears.

When originating inside
the laryngeal box the pro-
gress of the tumour is mueh
slower than when it com-
menees extrinsically, and the
lymphatic glands are not
affected until late in the
disease. Epithelioma spreads
very slowly in cartilage, but
as it attacks it perichondritis
is set up, and necrosis of

: portions of cartilage may
. .|'jil:. 3. — Extrinsic Hruuunm:la-i-t:t"ilml result., When the gi’O“"th
Carcinoma of the Larynx, involving the
left aryteno-epiglottidean fold. reaches the {:xtra-iaryngtal
tissues, suppuration and
sloughing commonly ensue, and the tumour may fungate through
openings in the skin.

Death often results from septie broncho-pneumonia, set up by
the foul state of the larynx, but in other cases is brought about
by dyspncea or exhaustion. The lymphatic glands which are
infiltrated sometimes form large, breaking-down, sloughing
masses, and are more likely to be early implicated in the extrinsie
variety. Dissemination and the development of secondary
tumours in the viscera are very rare. Epithelioma of the larynx
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is usually of the squamous-celled variety, but columnar-celled
growths have been deseribed. Spheroidal-celled alveolar carei-
noma is also but rarely met with.

Sarcoma of the larynx is a rare disease. The tumours are
sometimes of considerable size, and are at first smooth and
globular, but subsequently ulcerate and infiltrate the surrounding
parts in the same way as does an epithelioma. The tumour may
be of either the round- or spindle-celled variety, and, unlike the
epitheliomata, rarely affects the lymphatic glands ; dissemination
is also uncommon.

Injuries of the Larynx

Blows upon the larynx may cause much reflex spasm and
dyspncea, which 1s sometimes urgent. Fractures of the cartilages
are rare, and may result either from a blow or a squeeze; the
thyroid eartilage is more often fractured than the ericoid. Such
injuries are always serious, and, when the mucous membrane
is torn, hamoptysis and dyspneea are common.  Death not
uncommonly results from obstruection to the passage of air by
displacement of the fractured cartilage,

Secalds of the larynx are most often seen in children, and
commonly result from attempts to drink from a kettleful of
boiling water. In these cases the lips, cheeks, and tongue are
commonly blistered, white, and swollen, the voice is husky, and
swallowing is painful. (Edematous laryngitis is very liable to
supervene within an hour or two, and in the absence of treatment
death from dyspneea is of common occurrence,

Foreign Bodies in the Air-Passages

Foreign bodies always obtain aceess to the air-passages during
the act of inspiration, except in cases where the museles of the
glottis are paralysed, as, e. g., after diphtheria; they cannot
normally obtain an entrance during deglutition. In most cases
they obtain entrance through some sudden inspiratory act whilst
the foreign body is in the mouth ; thus, a piece of meat may pass
into the larynx if the patient suddenly laughs whilst cating, or a
pin or other foreign body held between the lips may in a similar
way obtain entrance. Foreign bodies may also pass into the
air-passages during deep anesthesia when the normal sensibility
of the glottis is numbed.
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A foreign body may lodge in the larynx, the trachea, the
bronehi, or the lungs, and the symptoms differ according to the
position in which it rests.

In the larynx a large mass of meat or similar material may
completely block the glottis, and cause death from asphyxia in a
few minutes; and in other cases, although not large enough to
close the whole glottis mechanically, a foreign body may eause
death through spasm set up by its irritation.  If death does not
at once result, and the foreign body remains in the larynx, it
interferes with respiration and speech to a varying extent, but
the symptoms are continuous so long as it remains, although they
are liable to sudden exacerbation at any time. If not removed,
the foreign body will set up laryngitis, and death may result
either from this or from inflammation spreading to the trachea
and bronchi.

If the foreign body passes into the trachea it i1s never large
enough completely to plug that tube, and after an initial attack
of dyspneea the symptoms are liable to subside. As the vocal
cords are not interfered with, there is no marked alteration of
voice, and respiration may be tranquil. The patient is, however,
liable to sudden and severe attacks of dyspnoea ; these are caused
by the foreign body being coughed up against the glottis, which
immediately closes spasmodically, and during such an attack the
patient may die of suffocation.

If the foreign body remains in the trachea, death will result
either from spasm of the glottis or from inflammation of the
trachea and bronchi.

The lodgment of a foreign body in a large bronchus results
in the obstruction to the passage of air into a given portion of
lung, and is accompanied by symptoms of dyspneea, which are
urgent in proportion to the size of the bronchus which is plugged.
Bronchitis and broncho-pneumonia will subsequently ensue,
and the lung supplied by the plugged bronchus will become
collapsed.

In cases where the foreign body is very minute and passes into
a terminal bronchus, the initial dyspneea is but slight, but further
symptoms will ensue in consequence of inflammation and
suppuration of the surrounding lung-tissue,



CHAPTER XXXIV

DISEASES OF THE THYROID GLAND AND OF
THE PITUITARY BODY

TuE thyroid is a duetless gland yielding an internal secretion
which contains iodine as an essential constituent. This seeretion
i1s of much importance in the metabolism of the body; its
absence or perversion leads to serious constitutional results,
while its presence to exeess causes toxic symptoms.  The diseases
associated with a deficient thyroid secretion are myxcedema,
eretinism, and the post-operative condition known as cachexia
strumipriva. Graves’ disease, on the other hand, is associated
with an excess of the secretion. These various affections belong
to the domain of medicine rather than to that of surgery, but they
have certain important surgical aspeets, so that some account
of them may fitly be given here.

Cachexia strumipriva.—This term is applied to a peeuliar con-
dition, allied to myxcedema, which is liable to ensue in patients
whose thyroid glands have been completely excised, more
especially when the patient 1s young.

Examples of this condition were first recorded by Reverdin in
1882, and Kocher in 1883, and the observations have since been
confirmed by other operators. The disease commences insidiously
from one to four or five months after the operation, and is
characterised by weakness, with dragging pains in the extremities.
There 1s a sense of chilliness, and chilblains are liable to form.
The cerebral functions are early affected, and slowness of thought
and speech are especially noticeable. Gradually the mental
faculties become more and more impaired, with loss of memory,
and a general condition of lethargy. With the onset of the
disease, swelling of the face, and especially of the eyelids, is
noticed ; as the swelling spreads, the whole face becomes broad,
the lips thick and prominent; the features lose all expression,
and a semi-idiotic appearance results. The abdomen becomes
large and tumid, the hands and feet are swollen and thickened,
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the skin as a whole becomes thick and dry, and in many cases
the surface epithelium grows scaly. The hair becomes brittle,
and commonly falls out in large quantities. Combined with these
conditions there is a marked angemia and, if the patient be a
child, growth is almost entirely arrested, and puberty is delayed.

A careful study has been made of the effects of thyroidectomy
in animals, but with somewhat conflicting results. Different
animals bear removal of the gland in differing degrees; carnivora
bear it ill, and commonly die in a few days with acute nervous
symptoms—tremors, spasms and tetany. Monkeys live much
longer, and Horsley has produced in them a condition resembling
myxcedema or eretinism. Other animals, such as rats and guinea-
pigs, do not suffer at all as the result of the operation, and even
in carnivora and monkeys it not rarely happens that no evident
illness is produced,

The matter is still further complicated by the existence of the
parathyroid bodies, on which Gley has laid great stress. These
small structures, which in their histology represent immature
thyroid tissue, are in some animals separate from the thyroid
proper, in others enclosed in it, so that their separate removal is
out of the question without grave damage to the thyroid. It
has been elaimed that loss of the parathyroids leads to the serious
nervous symptoms which have been noted after thyroideetomy,
while the symptoms of eachexia strumipriva depend on loss of the
thyroid itself. Swale Vincent and Jolly, as the result of their
numerous experiments, reject this view, and regard thyroid
and parathyroids as one single physiological apparatus; they
bring forward evidence that after removal of the thyroid the
parathyroids may, in a measure, take on its structure and
functions.

The question is one not yet finally settled, but it is certain
that the evil effeets of thyroidectomy may be averted if part of
the gland be left behind, if a portion of the excised gland be
successfully grafted in the peritoneum or elsewhere, or if the
operation be followed by thyroid feeding or the administration
of thyroid extract. Herein lies the surgical importance of the
foregoing facts. Total removal of the thyroid gland entails
grave danger to the patient; partial removal is harmless.

Myxcedema and cretinism are conditions allied to eachexia
strumipriva, apparently arising from loss of the thyroid seere-
tion, owing to atrophy or imperfect development of the gland.
Myxwdema was first deseribed by Gull, but it was Ord who, in
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1878, showed its connection with thyvroid disease. The disease
occurs far more frequently in women than in men, and commonly
in adult life. The symptoms are in the main those described
under eachexia strumipriva, and post-mortem examination shows
an atrophied thyroid, the glandular tissue being replaced by
fibrous tissue or fat. Treatment with thyroid extract, to make
good the lost glandular secretion, is followed by a return to a
normal physical and mental condition.

Cretinism is a condition much like myxcedema, but as it arises
in childhood, it is associated with stunted growth, and defective
development of both body and mind, in addition to the ordinary
symptoms of eachexia strumipriva. A typical erctin shows a
large head, a thick, fat neck, short and eurved limbs, and an
imperfect mental development which may amount to idiocy. As
the child grows up, the face becomes broad and flat, the nose
thick and depressed, the lips heavy and protruding, and the
expression dull and vacuous. Puberty occurs very late, and the
sexual organs often remain permanently undeveloped. A patient
of five-and-twenty or thirty may look no more than eight or ten
vears of age, and the mind may be even less developed than the
body. The supra-clavicular fossa are often occupied by diffuse
fatty growths.

The skeleton of a eretin shows a remarkable retardation in
the development of those bones which are formed in cartilage,
and it is to this fact that some of the striking physical pecu-
liarities of eretinism are due. The skeletal changes were at one
time eonfounded with those of achondroplasia, and errors have
hence arisen which are still found in many text-books. In both
conditions the base of the skull is shortened, leading to prog-
nathism and to a sinking in of the root of the nose. 1In true
cretinism this is not due to premature synostosis of the basi-
oceipital and sphenoids, but to defective formation of the earti-
lage in which these bones are laid down. In most cases of
achondroplasia it seems due to premature synostosis. The vault
of the skull, in eretins, is usually well developed, but the fonta-
nelles may remain open for many years after they should have
closed. In the museum of St. Bartholomew's Hospital is the
skull of a typical cretin, aged twelve years, in whom the thyroid
gland was quite absent ; the fontanelles are all widely open, and
there is no bony union between the basi-occipital and basi-
sphenoid. The skull may be microcephalie or hydrocephalie.
The clavicles, which, like the vault of the skull, are membrane-
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bones, are normally developed, but the long bones of the
extremities are short and thick; the epiphyses are more nearly
of normal size, but they unite late with the shafts. In a femur
from a female cretin, thirty-two years of age, which is in the
muscum of St. Bartholomew’s Hospital, the lower end of the
bone still shows indications of the line of union between shaft
and epiphysis. The long bones do not, however, show in ereti-
nism the extreme shortening which is habitual in achondroplasia,
nor the extreme contrast between diaphysis and epiphyses seen

Fig. 64 —Drawings of a sporadie eretin aged nine years.

in the latter disease. The vertebral column is somewhat
shortened from imperfeet and late development of the vertebra.

Cretins are usually divided into two classes, the endemie and
the sporadie. In goitrous distriets eretinism is common, and in
such eretins the thyroid is commonly enlarged ; there is, however,
no doubt that it is physiologically inadequate. Sporadie eretin-
ism may depend upon a congenital absence of the thyroid, but
more often it seems due to an atrophy of the gland oeeurring
during the first few years of life. It is, in fact, a precocious
myxcedema, There is no essential difference between endemie
and sporadic eretinism, and myxcedema differs from eretinism
only in its occurrence in adult life when physical and mental
development are already complete. As in myxcedema, a cure
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may be effected by the timely administration of thyroid extract,
and there is no more striking phenomenon in medicine than the
mental and bodily growth of a eretin thus treated. The need
for thyroid treatment remains, of course, throughout life.

Graves’ disease, or exophthalmie goitre, is a condition in all
respects contrasting with the preceding diseases. It occurs
almost exclusively in the young adult female, though males
are occasionally affected. The cardinal clinical symptoms are
thyroid enlargement, protrusion of the eyeballs, and a rapid
action of the heart, to which may be added muscular tremors,
and a high degree of mental execitement and irritability. The
thyroid gland is often uniformly enlarged and pulsatile. Miero-
scopic examination shows an overgrowth of glandular tissue, with
an absence of the natural colloid contents of the alveoli. The
thymus is also greatly enlarged, as a rule. The anatomical cause
of the protrusion of the eyeballs is not clear : it may depend in
part upon an accumulation of orbital fat, in part upon vascular
turgescence ; it may be so extreme as to lead to sloughing of the
cornege. The explanation of the phenomena of Graves’ disease
is now considered by pathologists to be found in an excess of
thyroid seeretion, though how this is primarily brought about is
still obseure.  For fuller information the student is referred to
text-books on medicine ; the surgical interest of the disease lies
in the fact that operative treatment is sometimes employed for
its relief. Division of the cervical sympathetics has been tried,
on the supposition that a sympathetic neurosis underlies the
symptoms; the results are not such as to warrant the operation,
Benefit usually follows the removal of one half or more of the
gland. It must not, however, be forgotten that the disease is
one which tends to natural though slow cure.

Accessory thyroids are not rare in the neighbourhood of the
main gland; they may be mistaken for enlarged cervieal lym-
phatic glands. Their microscopic structure is often of a foetal
type, with little or no colloid in the vesicles.

Inflammation of the thyroid gland, apart from other diseased
conditions, is an event of some rarity, although it is by no means
uncommon for a goitrous gland to become inflamed. The changes
that oecur are such as are seen in similar conditions of other
soft tissues, and the inflammation oecasionally terminates in the
formation of pus.

Atrophy of the thyroid has already been discussed in relation
with myxcedema and eretinism,

19
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Goitre, or Bronchocele

The term *° goitre ” is applied to any enlargement of the
thyroid gland which is not caused by inflammation or malignant
growth; its causes have been much discussed, and are not yet
satisfactorily settled. The wvast majority of cases oceur in
certain definite loecalities, where it is endemic. Such loealities
are commonly the lower slopes and valleys of mountainous
districts, where the soil consists of limestone or sandstone.

For many years goitre has been attributed to drinking water
derived from melted snow or ice: but there does not appear
to be any truth in this theory. It is also supposed—and with
more probability—to be due to the presence of some ingredient
in drinking water, but the nature of this ingredient is as yet
uncertain, though Macarrison’s experiments suggest its mierobie
nature; there is no proof that it is any salt of lime or magnesia.
It is, however, an undoubted fact that the water ol certain wells
almost inevitably causes goitre in the people who drink it.

Structurally, goitres may be divided into four classes, though
it must be remembered that between all of these there are
connecting links, and that more than one of the morbid condi-
tions may be found in the same growth.

First, simple hypertrophy.—In this form there is an over-
growth of the glandular tissue, and in most instances the enlarge-
ment is symmetrical, both lobes as well as the isthmus being
hypertrophied in proportion to their original size,

Second.—In other ecases loecalised hypertrophies oceur, and
definite glandular tumours—true adenomata—may develop in
the substance of the lateral lobes or in the isthmus. Such
growths are usually definitely encapsuled and seldom attain a
large size. Whether the growth be universal or loeal, the new
tissue does not differ from that of a healthy gland, being com-
posed of closed vesicles, lined by epithelium, and containing a
clear, sticky fluid, embedded in a stroma of loose connective-
tissue. Occasionally thyroid adenomata present the structure
of the feetal gland—the acini being ill-formed and containing no
colloid material.

Third, eystic goitre.—In eystic goitre there is a development
of eysts of unusual size. These eysts commonly oceur in glands
in which there is also some true hypertrophy, but may develop in
otherwise healthy thyroids. They are formed by a mucoid or
colloid degeneration of the walls of separate vesicles, which are
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thus thrown into one another, and form cavities of various
dimensions. In other cases they appear to result from eystic
degeneration of an adenoma. Such cysts are often single,
but may be multiple. They contain either elear serous fluid,
viscid colloid material, or a dark bloody liquid, with a grumous
or coffee-ground-like deposit. They may attain a great size, and
sometimes develop with much rapidity as the result of spon-
taneous heemorrhage into them.  Under such cireumstances the
pressure of the cyst may
cause dyspneea, or even
dysphagia.

Fourth, fibrous goitre.—
In fibrous goitres there is an
excess of the fibrous stroma
as compared with the glan-
dular tissue. The fibrous
growth is common in old
goitres, and generally oceurs
in a gland which has previ-
ously been the seat of simple
hypertrophy. In goitres of
long standing caleareous de-
generation is frequently met
with, and in some cases the
whole thyroid is converted
into a caleareous mass.

The effects of a goitre S, o .
depend both on its size and  gying o tho enlamgement. of is Jatorai
on the l'ﬂpilfi.lt}-' of 1ts g‘[‘q’_}“'th_ lobes, the trachea has been so I:I'I:Jflll}l'i.":'kﬂt"l.! as
The veins leading from the to cauze dyspnma and necessitate tracheo-

Y tomy.

enlarged gland become dis-

tended, and in many cases those of the head and neck are
subsequently dilated. Pulsation in the carotids is occasionally
inereased, but in some instances the growth causes pressure
on these vessels, and, by interfering with the blood-current,
induees cerebral anemia with spasm or convulsions. Spasm
of the glottis or paralysis of the laryngeal muscles may also
result from interference with the recurrent laryngeal nerve,
The most important result of enlargement of the thyroid is,
however, interference with the passage of air through the trachea,
which in eases of general enlargement is usually compressed on
either side by the two lateral lobes, but may in rare instances be
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narrowed by the pressure exercised by the enlarged isthmus in
front. In other cases the growth extends between the sternum
and trachea, and squeezes the latter against the spine. Even in
rases where no urgent dyspnoea exists, it 1s common for a bron-
chocele to produce some shortness of breath on exertion. The
large majority of goitres do not cause death, and a fatal termina-
tion is much more common in the rapidly growing tumours than
in those of slower growth, even although the latter attain a
greater size. The name acute bronchocele has been given to
these quickly developing goitres, and the dyspncea which they
cause is explained by the fact that the fascie and museles of the
neck have not time to stretch and provide room for their develop-
ment ; henee all hollow and compressible structures necessarily
suffer.  These acute bronchoeeles are most often met with in
voung subjects, and, in some instances at least, their growth is
coineident with the changes that occur at puberty. In cases of
eystie bronchoeele, the eysts sometimes rapidly inerease in size
on account of the effusion of blood into their cavities, and may
thus cause dyspnoea.

Malignant Disease

Both sarcoma and carcinoma occur as primary growths of the
thyroid gland : neither is common, but earcinoma is probably
the commoner of the two and usually affects thyroids which
have previously been the seat of goitrous enlargement, and is
commonly diffused throughout the entire gland. A form of
papilliferous eystadenoma, of limited malignaney, has been
deseribed, and several examples are known of a growth, almost
exactly resembling normal thyroid tissue in histological strue-
ture, but giving rise to secondary growths, especially in the
cranial bones. Such tumours can only be distinguished from
cases of simple hypertrophy by the infiltration of the neighbour-
ing tissues and by their malignant clinical eourse. All growths
of this class are liable to cause glandular enlargement, and to
produce secondary growths in the viscera and bones. They
usually run a rapid course and terminate fatally, either by local
complications or visceral discase.

Acromegaly

The pituitary body has sufficiently close resemblances to the
thyroid gland to warrant the inelusion of acromegaly in this
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chapter. Acromegaly ! is a disease which is characterised by
great enlargement of the hands and feet, with much deformity
of the face. The hands and feet are simply overgrown, all the
tissues sharing in the enlargement, although there is in addition
a great increase of fibrous tissue. The size of the extremities is
indeed in advanced ecases most remarkable, and the measure-
ments of a hand, the cast of which is in the museum of St.
Bartholomew’s Hospital, compare as follows with the measure-
ments of an average adult male hand :

Length : 5 - : e SN, Normal hand. 7} in.
Length of middle digit . ; « SBfin. P 34 in.
Circumference at metacarpal bones 13 in. w 81 in.
Circumference of middle finger . dfin. i 23 in.

The legs and forearms are not usually enlarged, but in some of
the recorded eases the patients were very muscular. The spine
usually presents a posterior curve in the dorsal region, and there
may be some lumbar lordosis or lateral curvature. The thorax
is flattened from side to side and moves but little in respiration,
the respiratory movements being chiefly abdominal. The skin
is thick and often warty, and pendulous parts are specially
thickened ; the labia majora and the elitoris may be greatly
hypertrophied. The growth of hair may be inereased, and the
hair itself may become very long and coarse.

The whole head is often enlarged, and the eranium tends to
become lengthened antero-posteriorly, but the bones of the face
are specially inereased in size, and the jawbones more than the
rest; the lower jaw by its great enlargement frequently projects
in front of the upper teeth, and causes much disfigurement.
The supra-ciliary ridges and the tarsal cartilages are much
hypertrophied, and the whole nose is greatly enlarged, its bones,
cartilages, and skin all undergoing overgrowth. The ears are
not usually so much affected. On account of the alteration in
shape of the maxille, complete closure of the teeth may be
impossible. The lips are thick, and the lower lip tends to pro-
trude and hang down; the expression of the features may be
completely altered.

The youngest patient in whom acromegaly has been observed
was fifteen years of age, and the oldest was sixty; but most of
the cases have been observed between the ages of twenty and
forty. Both males and females are attacked. IHeadache is
almost always complained of, and there is often pain in the

1 Gxpov, extremity ; uéyas, large.
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eveballs. The general condition is one of lassitude, and the
speech is usually thick and slow. The tongue is large and
flabby, and appears too big for the mouth; the cartilages of the
larynx in male patients are sometimes enlarged and thickened.

In addition to the changes in the extremities and face, blind-
ness, with atrophy of the optie dise, loss of sense of smell and of
taste, and cessation of the catamenia in wemen, have been
commonly observed. Indeed, in all cases occurring in females
the absence of normal menstruation is a constant phenomenon.
Muscular weakness and excessive perspiration have also been
observed in connection with acromegaly.
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Fiz. 66.—A hand from a case of Acromegaly and a normal hand.

In patients on whom post-mortem examinations have been
made, it has been found that the bones of the hands and feet
were enlarged, that on all the bones there was a tendency
to the exaggeration of normal ridges or tubercles, and that
on some of the bones of the extremities, as well as on those
of the face, there were osteophytic growths. The sternum
is usually thickened, widened, and lengthened, and the ribs and
clavicles are also greatly thickened; similar alterations are
common in the pelvie bones. The uterus is generally atrophied
and the vagina capacious. It is further found that there is
overgrowth of almost every tissue and structure in the body,
so that not only are the intestines greatly thickened and dilated
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and the viscera inereased in size, but the coats of the arteries,
the muscles of the lips and tongue, and the neurilemma of the
nerves may all be increased.

The pathology of acromegaly is no longer altogether obscure,
for it may now be considered certain that disease of the pituitary
body is the cause of this condition. In all reeent post-mortem
examinations this body has been found either greatly hvper-
trophied, the seat of new growth, or else completely atrophied.
The sella turciea 1s commonly much expanded in correspondence
with the inereased size of the pituitary body, and it is noteworthy
that many of the skulls of giants, preserved in different museums,

Fia. 67.—Median vertical seetion of the Brain from a caze of Acromegaly. A
large tumour, originating in the pitnitary body, has pushed aside all the structures
in the neighbourhood.

show this expansion of the pituitary fossa. There scems, indeed,
to be a connection between acromegaly and gigantism.  We do
not vet, however, certainly know whether acromegaly is due
to deficient or excessive action of the pituitary, though the latter
assumption is usually made. Treatment with pituitary extract
does not cure the disease. In a certain proportion of cases the
thyroid gland has also been found diseased. There is unques-
tionably a close relation between the thyroid and the pituitary
glands, and in some ecases myxcedema and acromegaly have
co-existed.

The diagnosis of acromegaly is generally easy. From the
thick, heavy lips and broad, deformed face, the disease has been
mistaken for myxcedema, but from the latter it differs very
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CHAPTER XXXV

INJURIES AND DISEASES OF MUSCLES,
TENDONS AND BURSZE

Rupture of musele.—Considering the constant strains to which
they are subjected, muscles are but seldom torn, and, when they
are ruptured, it is rather by a sudden and unexpected strain
than by the employment of great muscular force. The ends of
a ruptured muscle immediately retract, and remain separated
by an interval which waries in extent in different cases. A
certain amount of blood is always extravasated, and may form
a considerable hematoma.

Union of the torn muscle is accomplished by a process of
plastie inflammation, with exudation of lymph, and its subse-
quent organisation into fibrous tissue.

Wounds of musele are followed by separation of the eut fibres,
and in such injuries, as in rupture, repair is effected by fibrous
tissue. Muscle may be said never to be reproduced, for although
attempts at reproduction of muscle-fibres have been described,
the amount of new muscle thus formed is negligible.

Inflammation of musele. Muscles are but little prone to
inflammation, and when affected by so-called myositis, the latter
is commonly the result either of injury, of inflammation spread-
ing from surrounding parts, or of such constitutional conditions
as gonorrheeal rheumatism, pymmia and typhoid fever. The
course of the inflammatory proeess in musele does not differ from
that in other tissues, and requires no special deseription.

Atrophy and degeneration of musele.— The most common
cause of muscular atrophy is disuse, and in cases where a limb
has remained unused for vears, as in chronie disease of a joint, the
whole of the muscles may be so atrophied that no contractile
tissue remains, the muscle-sheath being filled with a mass of fatty
and fibrous tissue. The wasting of the musele which follows
nerve-section has already been mentioned, and the various forms

of atrophy and degeneration which are dependent upon disease
297
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of the central nervous system—e. g. infantile paralysis, pro-
gressive muscular atrophy, ete.—do not eome within the scope
of the present work,

Ossification of musele.—The formation of bony plates in
muscle is a condition far more often met with in men than in
women.,  Oceurring 1n single museles, it i1s by no means very
rare, and is found most frequently in the deltoid and the addue-
tors. The bony deposit occurs at the osseous insertion of the
muscle, and is derived from the periosteum rather than from the
musecle itself; it appears to be produced either by constant
strain or by frequent though slight contusions. The develop-
ment of bone in the adduetor museles is most common in men
who ride, and results in the production of the so-called ** riders’
bone.” Many so-called exostoses are in reality merely such
ossifications in tendon.

In other, and fortunately rare, instances, the tendency to the
formation of bone is found in many museles, and cases are
deseribed in which the back and neck have thus become encased
in a broad osscous euirass, resulting in the complete immobility
of the affected parts. The cause of such a condition is quite
unknown. It has been named °° myositis ossificans,” and
appears to be either of congenital origin or else to commence
very soon after birth. The discase is of a slowly progressive
character, and the tissue formed has the histological features of
true bone, though the plates may have no apparent connection
with the periosteum.

The condition sometimes termed * traumatic myositis ossi-
ficans,” is one in which new bone is formed, as the result of
injury, apparently in muscular tissue adjacent to bone. The
more usual sites are the front of the femur and the neigh-
bourhood of the elbow. The actual pathological changes are
(1) separation of periosteum and (2) effusion of blood amongst
the adjacent tissues. New bone is ultimately laid down at the
site of the injury and may involve muscular tissue, but there
is no evidence of a true myositis, and the bony mass usually
projects like an exostosis from the bone beneath.

Tumours of musele.— Primary tumours of muscle are rarely
met with, The few cases that are recorded are almost all
instances of sarcomatous growths; the tumours are apt to
grow rapidly and to run a malignant course. The ecells of
which they are composed are mostly oval.

Syphilitic affections of muscles.— Gummata occur with toler-
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able frequency in the muscles, and appear to have a decided
preference for those of the neck, and especially for the sterno-
mastoid. They often attain a considerable size, and may be as
large as a hen’s egg. They do not differ structurally from
gummata elsewhere.

The chief parasitie discases of musele are those due to the
presence of hydatids or of trichinwe. The latter are met with in
voluntary muscles only. In exeeptional cases, Cysticercus cellu-
loswe, the larval form of T@enma solium, has been found in human
muscles.

Injuries and Diseases of Tendons and their
Sheaths

Wounds and ruptures.— Tendons are more liable to rupture
than are muscles, notwithstanding their tougher and denser
structure. The injury is at once followed by retraction of that
portion to which the muscle is attached, whilst the other end
does not alter its position except as the result of the movements
of the part into which it is inserted. Not rarely the actual point
to give way is the junction of the tendon with the muscle.
When the finger, or a part of the finger, is torn off in a machinery
accident, the attached flexor tendon often comes away with it,
dragged off from the musele in the forearm. Repair of tendon
is effected by a proecess of plastie inflammation. The exuded
inflammatory products collect chiefly in the tendon-sheath,
and in it undergo development, first into fibrous tissue, and
subsequently into tendon. Repair is at once both rapid and
complete, the newly formed tendon being capable of supporting
considerable strain within a few weeks, and finally becoming
indistinguishable, even by microscopic examination, from the
neighbouring tendinous structure.

In wounds of tendons unaccompanied by the formation of pus
—e. g. in tenotomy for talipes—the process of repair is exactly
the same as that above deseribed: but in open wounds accom-
panied by much suppuration the tendons and their sheaths are
liable to beeome matted to one another and to the surrounding
parts in such a way that their future utility is either destroyed
or greatly impaired. The prospeet of union in such cases is
greatly enhanced by careful suturing at the time of the accident,
or even at a later date if repair has failed.

There are but few diseases to which tendons are liable, for they
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may be said never to be affected by inflammation or new growth
except when secondarily implicated by extension from the sur-
rounding parts, Gummata are rarely met with, but gouty
deposits of urate of soda are not uncommon in the tendons of the
feet and ankle. Fibrous tumours occasionally grow in connec-
tion with the tendon-sheaths of the fingers. These tumours
sometimes have a papillomatous structure, being covered with
a layer of cubical cells suggesting epithelium. The fibrous
matrix may contain multinucleate giant-cells somewhat like
those of a myeloid sarcoma,

Teno-synovitis.—Teno-synovitis, or inflammation of the syno-
vial lining of a tendon-sheath, 1s usnally a subacute affection, and
is most often scen in the extensor tendons of the wrist. The
exeiting eause is almost invariably exeessive use of the muscles,
and the constant friction of the tendons within their sheaths
associated with a roughening due to the deposit of lymph, gives
rise to a creaking or crepitating sensation when the hand is
placed over the affected part. The inflammation is usually
transitory, and readily subsides with rest but it is liable to recur
when the museles are again ealled upon for any unusual exertion.

In another class of cases, the inflammation of the tendon-
sheath is of a tubereulous nature, especially those in which
the tendons of the wrist or ankle are implicated, and in
cases of tubereulous arthritis also it is very common to find an
extension of tubercle to the tendon-sheath, the lining of which
becomes as thick and pulpy as the synovial membrane of the
joint.

There is one region in which extension of suppuration into the
tendon-sheath is common and very serious, namely, the palm of
the hand. Septie wounds of the finger are of frequent occurrence,
and those due to infection with Streptococcus pyvogenes are
especially dangerous. Reference to the anatomy of the flexor
tendon-sheaths in this region will show how readily a widespread
suppuration will follow the access of streptococei to these
cavities, Should this oecur, even the most skilful treatment
may fail to avert an ultimate crippling of the hand by adhesions
and obliteration of the synovial cavities. The tendons them-
selves may slough.

Ganglion.— Ganglia are of two kinds—simple and compound.
Each wvariety is most frequently seen in the sheaths of the
tendons on either the palmar or dorsal surface of the wrist, or on
the dorsal surface of the ankle. Ganglia are most common in
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those who are in the habit of using to excess the museles of the
wrist.

A simple ganglion is usually deseribed as being a hernial pro-
trusion of a portion of synovial membrane through an aperture
in the sheath of the tendon, and it is supposed that, the com-
munication with the tendon-sheath being subsequently cut off, a
small pouch of synovial membrane is thus left outside it, Prob-
ably more correct is Paget’s description, which attributes the
formation of a simple ganglion to a eystic degeneration of one
of the synovial fringes normally present inside the tendon-sheath,
If this be true, it follows that the fluid contained in the ganglion
is never at any time in communication with the cavity of the
svnovial sheath, but is shut off in a eyst, which from the first is
a closed cavity, However formed, a simple ganglion presents
itself as a rounded, tense eyst, generally about the size of a
hazel-nut, but occasionally larger, and containing a perfeetly
clear material of the consistency and appearance of glycerine
jellv. The development of a simple ganglion is liable to cause
stiffness and pain in the affected tendon.

Compound ganglia are most common on the sheaths of the
flexor and extensor tendons of the wrist. They are formed by a
distension of the synovial sheaths themselves with fluid, and
may attain considerable size. In addition to sticky and inspis-
sated synovia, they often contain numerous small, oval, or
rounded, smooth masses of fibrin, of the size and appearance of
melon-seeds. A compound ganglion always materially interferes
with the movements of the tendons, and in time may completely
eripple the hand. Some of these ganglia are tuberculous,

Dupuytren’s eontraction is the name applied to a contraction
of the fingers which results in some cases from injury or the use
of some tool or instrument which eanses pressure on, and irrita-
tion of, the tissues in the palm of the hand., In other cases it
oceurs in connection with the rheumatie or gouty diathesis, but
more often there is no obvious cause. The little finger is usually
first affected, and after it the ring. Dissection shows that this
deformity is not caused by contraction of tendons, but by
thickening of bands of the palmar fascia which are inserted into
the base of the phalanges, and in time become adherent to, and
cause puckering of, the skin. In cases of long standing the
metacarpo-phalangeal and the first inter-phalangeal joints
become more or less fixed, their articulating surfaces being in bad
cases dislocated.
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Diseases of the Burs=

The commonest disease of a bursa is simple distension with
serous fluid.  This distension is liable to follow chronie irritation
of any kind, and, when the cause has been removed, will usually
subside spontancously.

If the irritation be kept up, ehronie inflammation, with thick-
ening of the bursal walls by fibrous tissue, will ensue, and is
occasionally combined with the formation of *° melon-seed
hodies,” such as those already mentioned as oceurring in com-
pound ganglia. In some cases the walls of a bursa become so
greatly thickened that the eavity is almost completely obliter-
ated, and the bursa is practically transformed into a fibrous
tumour.

Acute inflammation and suppuration of burse are also of
common oceurrence, and, if the bursal wall be not already
thickened by old inflammation, the pus is liable to burst its
way out, and to become diffused into the surrounding tissues.

Tumours of burse are very rare, but syphilitic gummata are
COMMON.

The bursae which are most commonly the seat of all forms of
disease are those over the ligamentum patelle and the oleeranon.
Simple distension is also common in those situated over the tuber
ischii and the great trochanter, as well as in the bursa which lies
in the popliteal space between the inner head of the gastroe-
nemius and the semi-membranosus.  Certain forms of bursal
cyst will be found described in eonnection with diseases of joints,
and in some cases tuberele either originates in a bursa or extends
to it from a neighbouring joint. (See chap. xlii.)



CHAPTER XXXVI
DISEASES OF BONE

Atrophy

Arrorny of bone, like the same process in other parts of the
body, is the result of deficient use or of continuous pressure.
The extreme wasting of the bones of stumps or of limbs with
diseased joints affords an excellent example of the first cause,
while the hollowing out and absorption of the sternum and
vertebrae from the pressure of an aortic aneurysm well illustrate
the second.

Two kinds of atrophy are deseribed in long bones, but they
frequently co-exist. Eeeentrie atrophy is a hollowing out of the
bone from within, so that, whilst it maintains its natural shape
and size when viewed from without, it is found, on section, to be
reduced to a mere shell.  Atrophy of this kind is often seen in
aged people.  In eoneentrie atrophy the whole cireumference and
diameter of the bone are diminished, and its shaft is much more
slender than is that of the opposite side. Such a bone, on
section, 1s often found to be the seat of eccentrie atrophy as well.

Hypertrophy

True hypertrophy is not common. It chiefly results from
increased blood-supply and from excessive use. Good examples
of the former are occasionally supplied by cases of chronic
inflammation in the neighbourhood of an epiphysis in a young
subject, for, on account of the inereased vascularity of the
epiphysial bone, growth may be stimulated to such an extent
that, in the course of years, a limb may outgrow its fellow by
an inch or more. Better examples of pure hypertrophy are
afforded by cases where a bone is called upon to bear undue
weight—e. g. in congenital absence of the tibia the fibula may
be greatly enlarged; in hydrocephalus also the increased size
of the brain is met by a corresponding inerease in the eranium,
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Inflammation

In considering the subject of inflammation of bone, it must be
remembered that the osseous structure is practically ossified
econnective-tissue, and that almost all that has been written in
the chapter on Inflammation is strictly applicable to bone.

In osteitis, then, there are, first, hypersmia and slowing of
the blood-stream, rapidly followed by exudation, with softening
of the inflamed tissue, a change which plays a most important
part in the course of inflammation of bone.

The blood-vessels of bone run in the eancellous spaces, and
in the Haversian canals, and consequently it is into these pre-
existing spaces that the exudation is poured. As in all inflam-
mation, this exudation, or lymph, consists of cells and fibrin,
and, as elsewhere, the lymph is subsequently vascularised, and
forms what has already been called *° interstitial granulation-
tissue ”* or * inflammatory new formation.”” The next step in
most cases of osteitis is rarefaetion, or thinning of the osseous
structure. This is not, as was formerly supposed, the result of a
mechanical expansion or dilatation of the bone-spaces by the
mere pressure of the contained exudation, but is the result of
the absorption and destruetion of the bone itself by the exuded
cells which lie in contact with it. The walls of the Haversian
canals and cancellous spaces are eaten away by the cells, so
that their naturally smooth contour becomes pitted and irre-
gular; in this process of absorption the leucoeytes are aided
by large giant-cells, or ostcoclasts. As the eroding process
goes on, the bony substance beecomes thinned away, or rarefied,
and the caneellous spaces become larger, not only on account of
the greater tenuity of their walls, but also because, where the
osteitis is most advanced, several spaces are thrown into one by
the complete removal of their boundaries. (See Fig. 68.)

A section of a bone in this stage of osteitis therefore reveals
greatly increased vascularity, rarefaction of the osseous tissue,
complete filling up of the spaces in the bone by red gelatinous
masses of granulations, and softening of the bone itself, so that
it may often be readily cut with a knife or broken down with
the finger-nail.  The compact bone is no longer so dense, and its
laminge appear to be separated from each other. The eancellous
spaces are so greatly enlarged that irregular ecavities filled with
soft pulp are formed, and the old bone may be reduced to a
mere shell.  If the surface of a bone be the seat of osteitis, the
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smooth, compact tissue will become porous, rough, and pitted
from erosion by the leucoeytes, and the periosteum will be partly
separated by the inflammatory exudation.

The further progress of a case of osteitis depends much on
its eause and on the general health of the patient. Supposing
that the cause has been an injury, and that the patient is
healthy, the rarefaction will seldom or never proceed to such an
extent as that deseribed above, and,
if the injury has been but slight,
resolution and absorption of the
exudation will oceur. If the osteitis
has progressed further, organisation
of the inflammatory produets, with
resulting selerosis, is the most usual
termination.

This process of sclerosis is pre-
cisely analogous to that of scarring
in the soft parts. The cells of the
granulations which occupy the can-
cellous spaces, Haversian canals, ete.,
become developed into connective
tissue and finally into bone, the newly
formed blood-vessels shrink and dis-
appear, and the whole of the pre-
viously rarefied bone is converted into
dense osscous structure, with fewer
and smaller cancellous spaces than W e :

. Fia. 68.—Section of an Hium,
were Pfﬂﬁf‘-ﬂt before the inflamma- showing Rarefaction. Thelaminme
tion commenced. The inflammatory of compact bone appear separated,

; ; the cancellous spaces are enlarged,
exudation which has collected be- and in the lower part of the
neath the periosteum also ossifies, *I"P""v'i““'-" an irregular cavity has

; 7 ween formed by destruction of the
and the bone is thickened by the pony tissue.
formation around it of a layer of
new bone, formed for the most part in stalactitic or needle-
like projections—an arrangement which results from the dis-
tribution of the exudation around the blood-vessels as they
pass from the periosteum to the shaft.

Instead of terminating in sclerosis, osteitis may result 1n
suppuration. This may oceur in even the most healthy subjects,
and is most frequent when the inflamed bone is exposed and thus
rendered liablé to septic infection. It may, however, result from
want of rest, the presence of some irritating foreign body, the

20
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extension of inflammation from other parts, or from the bad state
of health of the patient, though in all these cases the actual
cause of the suppuration is almost invariably a bacterial invasion.

Whatever the cause, the disintegration of the bone by the
interstitial granulation-tissue progresses to such an extent that,
finally, instead of the cancellous spaces heing occupied merely
by granulations, they are filled with pus. Similar changes
occeur on the surface, and pus is discharged from a granulating
surface of inflamed bone, just as it might be from an uleer in

Fig. 69.—Section of Bone from a case of Tuberculous Osteitis. The
bony tissue iz largely absorbed, and the spaces are occupied by an
inflammatory infiltration, in which tubereles and a few giant cells are seen.

the soft parts. The pus having been discharged, and the cause
of the inflammation removed, suppuration will cease. Lastly,
organisation, with resulting selerosis, will terminate the process,
Just as scarring and contraction of the cicatrix terminate the
process of uleeration in the soft tissues. In many cases of
osteitis, suppuration and sclerosis co-exist; thus, in deep uleers
of the leg the tibia may be exposed and suppurating at one
part, whilst the bone around is sclerosed and thickened.

It is to suppurative osteitis, with destruction of bone, such as
is above deseribed, that the term earies is often applied. Caries,
however, is now rather a clinical than a pathological expression,

-
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and is used to signify inflammation of bone with rarefaction alone,
as well as with suppuration, whilst by some authors it is limited
to that form of osteitis which is due to tubercle.

In tuberculous osteitis, as in all tuberculous disease, there
is a special tendency to caseation of the inflammatory pro-
ducts, as well as to a low and chronie form of suppuration
there is also little or no tendency to repair, or to arrest of the
inflammation.

In such cases the inflammatory exudation in the eancellous
spaces becomes converted into a soft pulpy mass of caseous

Fia. T0.—Section of portions of a Femur and Tibia, from a case
of ** diffuse tuberculous infiltration.” The cancellous spaces are enlarged,
and are in part filled by opaque masses of caseous material.

matter and pus, and in the most typiecal examples there is no sign
whatever of the formation of new bone, no appearance of
sclerosis, none of repair. In this way, bones affected with
tuberculous osteitis may be hollowed out into mere shells—a
condition which is best exemplified in the small bones of the
carpus and tarsus. In some cases minute portions of the osscous
tissue necrose, and small sequestra of soft and erumbling bone
are discharged with the pus. The name of ** caries necrotica ™
has been applied to this condition, Three chief varieties of
tuberculous osteitis have been described; (1) The * cireum-
seribed nodule,” varying in size from that of a split pea to that
of a bean, with a caseous centre and a red, gelatinous periphery.
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(2) The *° diffuse infiltration,” which is well shown in Fig. 70,
and is characterised by a yellow caseous infiltration of large
arcas of cancellous tissue. (3) ** Tuberculous necrosis,” which
is almost limited to articular bone, and is deseribed more fully
in the chapter on Diseases of the Joints.

[f a bone in a state of tuberculous osteitis be examined
microscopically, it will be found that tubercle and tubercle-
baecilli are mingled with the inflammatory exudation which fills
the osseous framework. In most cases the bacilli are very few
in number and difficult to demonstrate, though inoculation with
the tissue in which they lie will cause tubercle in susceptible
animals.,

Tuberculous osteitis is most common in eaneellous bone, and
is seen especially in the articular ends of the long bones, in the
carpus, tarsus, and bodies of the vertebra. It is also one of
the most common causes of tuberculous disease of joints, for
the process is essentially infective, and tends to spread to the
tissues in the neighbourhood of the inflammatory focus.

A large proportion of cases of tuberculous osteitis terminate
in suppuration. The abscesses, at first chronie, are liable, after
discharging their contents, to become septie, and to form pus
in large quantities. Many patients consequently die of hectic
fever, of amyloid disease, or of general tuberculosis.

Abscess in bone.—Acute abscess never occurs in bone, for
acute inflammations, which in the soft tissues would terminate in
the formation of abscess, would in bone be sure to cause necrosis.
Abscess in bone is, then, always chronie, and of slow formation.

The patients in whom these abscesses oceur are young,
the most common age being between twelve and twenty. The
bones most commonly affected are the tibia and the femur, and
in these two bones, indeed, the larger number of all recorded
abscesses will be found.  Chronic abscess is never met with in the
shafts, but always in the eancellous tissue of the epiphysial ends.

It is probable that almost all these abscesses are of tuber-
culous origin, like so many of the chronic abscesses in the soft
tissues; and this theory is in no way negatived by the clear
history of injury which is occasionally given. Commenecing as an
osteitis of the cancellous tissue, rarefaction of the bone ensues,
the walls of the cancellous spaces are destroyed, and thus a cavity
is gradually formed in which the inflammatory products accu-
mulate. As in the soft parts, the abscess-cavity soon becomes
surrounded by newly formed tissue, the result of a process of
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chronie inflammation, and thus the bone around the abscess
becomes thickened and selerosed. So long as the pus remains,
the inflammation continues, and more and more new hone is
produced from the superjacent periosteum. If, however, as
is so often the case, the abscess is situated near to a joint, it is
not shut in on this side, as elsewhere, by periosteal thickening,
for there being no periosteum in this situation, new bone is
never produced on an articular surface, and thus, if the abscess
continues to extend, the pus is more liable to be discharged
into the joint-cavity than else-
where, and to cause suppurative
arthritis.

In addition to the thickening
of the bone itself, there is frequently
thickening of the soft parts, and a
gradual extension of the inflam-
matory process to the skin, with
resulting cedema and reddening.
Pain is tolerably constant, but,
except at intervals, is not severe.
There is generally a good deal of
tenderness on pressure, and, on
account of the proximity of the
neighbouring articulation, attacks
of synovitis, with effusion into the
joint-cavity, are of frequent occur-
rence.

In some cases the formation of AL T R AR e

pus in the cancellous tissue is Humerus, showing the cavity of an
accompanied by necrosis of por- :,‘llt';:_‘;f_’f?mi'ﬂ'_""h fiae) hieadnts the
tions of the surrounding bone.
Such cases, however, are usually much more acute than are those
of simple abscess, and the danger of implication of a joint is
much greater. Reference will again be made to them in the
chapter on Diseases of the Joints under the heading of * Acute
Epiphysitis.™

Osteomyelitis.— Osteomyelitis is a term which is best limited
to diffuse inflammation of the lining membrane and the medulla
of a bone, with implication of the surrounding cancellous tissue,
Such a diffuse inflammation is always of infective origin, and is
closely allied to cellulitis of the soft parts, It almost always
originates in a wound which exposes the cancellous tissue or
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medulla, such as an amputation wound or a compound fracture.
Osteomyelitis is characterised by the rapid formation of pus,
which infiltrates the neighbouring cancellous bone, and is liable
to extend along the whole length of the shaft. The inflamma-
tion extends not only in a longitudinal direction, but also through
a varving thickness of the surrounding osseous structure, and
may even reach the surface and affect the periosteum. An
examination of a bone in a case of osteomyelitis reveals the
following conditions : The surrounding soft parts are inflamed,
wdematous, and often sloughing. The periosteum is usually
retracted from the bone in the neighbourhood of the wound,
whilst from the medulla protrudes a soft mass of sloughing tissue.
On section, the medullary canal is found filled with a similar
material, composed of pus, broken-down medulla, and disin-
tegrating bone. The cancellous spaces contain the products of
inflammation in various stages of decomposition. The disease
almost always results in neerosis, and the amount of dead bone
1s sometimes very extensive.

As has already been said, osteomyelitis is essentially an infec-
tive process, and, in consequence, there is often very considerable
constitutional disturbance. Many patients die of pyemia. The
infecting agent is commonly Staphylococeus aureus. '

In some cases the inflammation becomes limited, and does not
implicate the whole length of the shaft; and, indeed, it may be
said that examples of diffuse osteomyelitis become more rare
every day—a circumstance which is due to the improvements in
the modern treatment of wounds.

Diffuse Periostitis and Septic Osteitis

The term ** diffuse periostitis  is misleading, for the peri-
osteum alone is never affected. In diffuse periostitis there is a
spreading infective inflammation caused by pyvogenie bacteria,
and attacking both the periosteum and a varyving thickness of
the subjacent bone. The disease is essentially one of early life,
and hardly ever occurs in adults.

The subjects of acute periostitis are often in an unhealthy
condition at the time that they meet with the slight injury or
the exposure to wet and eold which are the almost invariable
predisposing causes of this affection. Ocecasionally, acute
periostitis occurs during convalescence from one of the specifie
fevers.
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As might be expected, the bones of the lower extremity, heing
the most exposed to cold and injury, are more frequently
attacked than are those of other parts; the tibia and the lower
and posterior part of the femur are most often involved. The
humerus and eclavicle seem to be more frequently attacked than
the bones of the forearm.

It is probable that the loeal condition of eertain parts of some
of the bones further predisposes them to attack. Thus the
anterior surface of the tibia and that part of the femur which lies
in the popliteal space owe their liability to acute periostitis to
the fact that, on account of the absence of all muscular attach-
ments, they are much less vaseular and less protected than are
those portions of the same bones which are closely covered by
muscle. In some cases many bones are simultaneously affected.

The disease commences with local pain and swelling, The
skin at first is not implicated, but soon becomes red and oede-
matous. Constitutional disturbance is generally marked, the
temperature runs up to 103° or 104°, and rigors, vomiting, or
convulsions may occur. The local swelling increases, and
spreads along the bone, and in bad cases which are not subjected
to treatment the inflammation may extend over the whole
length of the shaft. Pywemia is a very common complication,
for the inflammatory exudation, being under considerable
pressure, makes its way into the venous channels in the bone;
and as these channels are unable to collapse as they would in the
soft tissues, the septic pus, mingled with blood-clot, is especially
liable to mingle with the venous current and to be conveved
into the general circulation.

An examination of the bone itself will reveal the following
conditions : The periosteum and the subjacent bone at first show
the usual vascularity which marks the onset of inflammation.
Very soon there is exudation, and pus is quickly formed. The
pus infiltrates the looser and more cellular part of the periosteum,
and extends from it into the soft tissues. It colleets, however,
in the greatest quantity between the periosteum and the bone,
for here there is most room for it, and the periosteum is thus
separated from the shaft to a variable extent. If the discase
progresses, the stripping up of the periosteum may extend as far
as the epiphysial cartilage. Beyond this it seldom extends, on
account of the close attachment of the periosteum in this situa-
tion; and, for the same reason, and on account of the difficulty
the effusion has in making its way through the tough periosteum,
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the pus may extend between the epiphysial cartilage and the
shalt, and may thus separate the one from the other.

Fia. 72.—Bection of
a Tibia, showing acute
periostitis  and  osteo-
myelitis. The perios-
tenm has been separated
from the shaft and the
greater part of the latter
has necrosed.  The
medulla  is  infiltrated
with pus.

Meanwhile, the inflammatory process also
extends into the bone, and acute osteitis
progresses as rapidly as does the periosteal
inflammation.

The inflammation usually fails to reach
the neighbouring joints, partly on account
of the close attachment of the periosteum
at the epiphysis already mentioned, and also
because the non-vascular epiphysial eartilage
offers considerable resistance to the exten-
sion of the inflammatory process. Ocecasion-
ally, however, the suppuration does involve
the articulation, and sets up in it a most
acute and destructive form of suppurative
arthritis. If an exit be not provided for the
pus, the latter will become diffused amongst
the muscles, and will ultimately make its
way through the skin by numerous aper-
tures. If the pus be evacuated early, the
disease may be cut short, and in favourable
cases the bone recovers without necrosis.
The extent to which the bone dies in any
case depends not only on the separation of
the periosteum, and the consequent interfer-
ence with the blood-supply, but also, and
probably to a far greater extent, on the
inflammation of the bone itself. Acute
osteitis is the most fertile cause of neecrosis,
and the greater the amount of bone inflamed
the more extensive will be the necrosis.
The separation of the dead bone from the
living, and the formation of new bone,
occur in the manner deseribed below.

Necrosis

Neerosis of bone is the equivalent of
gangrene of the soft parts, and, like the

latter, it arises from interference with the blood-supply.
Necrosis most frequently results from injury and acute
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inflammation. In some cases of the former the periosteum is
torn away, and thus the bone is deprived of a considerable pro-
portion of its blood. Such an injury is always followed by a
certain amount of thrombosis in the torn blood-vessels, and,
later on, by inflammation of the damaged tissues. Both of these
tend further to interfere with the circulation.

In acute inflammation of any part of the body there is a
tendency to the compression of the vessels by the inflammatory
exudation. The more acute the inflammation the greater is
this tendency, and the more dense and unyielding the inflamed
structure the greater is the tension of the extravasated fluid. In
bone, the exudation is poured out into the cancellous spaces and
the Haversian canals, and, in cases of acute osteitis, the blood-
vessels are very quickly compressed by the pent-up exudation,
In less acute cases, where the process of exudation is much
slower, time 1s allowed for enlargement of the bony eanals by
absorption of their walls by the lencoeytes, and thus more space
is provided for the exuded fluid, and necrosis does not result.
Again, necrosis is more common in compact than in cancellous
bone, for in the latter there is more room for the exudation, and
consequently there is less tension.

The amount of bone which dies in any individual case depends
chiefly on the extent of the osteitis, or, in cases of injury, on the
extent of separation of the surrounding soft parts. In many
instances these two causes are combined. Thus, in compound
fractures the bone may be comminuted, and the fragments
almost completely separated from the neighbouring tissues,
whilst, on account of the extent of the injury, the resulting in-
flammation is proportionately great. When the periosteum is
separated, and the superficial bone is alone injured, a thin shell
of bone may alone die, whilst, in cases of diffuse periostitis and
osteomyelitis, either the whole thickness or even the whole
length of the shaft may perish. Neerosis of bone after amputa-
tions affords another example of the effect of injury and sepsis.
In these cases the inflammation which results from the sawing
and from subsequent septic conditions, causes the death of a
ring of bone which, thongh commonly very small, is in some
cases an inch or more in depth. Under these circumstances, the
stump refuses to heal, for the dead bone acts as a foreign body,
and if an examination is made, the periosteum will be found
detached from the necrosed extremity, which in time is separated
and cast off. (Fig. 73.)
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Separation of the dead bone.—\Vhen bone is dead, the living
hone in contaet with it shows signs of irritation. It becomes the
seat of inflammatory changes, just as do the soft tissues in a case
of gangrene; the inflammation pro-
oresses to  uleeration, granulation-
tissue is formed, and the hving bone
is separated from the dead by a
**line of demarcation.” This process
of separation is necessarily a slow
one, and, where a considerable thick-
ness of bone has to uleerate through,
many months may elapse before the
process is complete.  So long as the
necrosed bone is in contact with
the granulations of the neighbouring
healthy bone, it is in part destroyed
by the latter, and is bitten out and
deeply pitted by the destructive
action of the leucoeytes. Conse-
oG 18.—Fortion of o Femur  guently, if \a piece of ‘dendNbonsibe
rom a stump. The lower inch : . . 4
of the bone is neerosed. the €Xamined, its under surface will be
periosteuni and zoft tissues are  found rough and indented, and
quite detached from it, and : :

a line of demarcation has been marked by numerous little pits or
formed botween the dead and - qepressions which were once occupied

= by granulations. (See Fig. 74.) The
surface of the dead bone is non-vascular, and is usually white,
but occasionally, from exposure to the air, it becomes blackened.

The dead portion of bone when separated from the living is
called a * sequestrum,” and under favour-
able circumstances may be cast off from
the body; the ulcerated surface of bone
left behind will then heal.  If the necrosed
bone is quite superficial, the process of
shedding is called ** exfoliation.” This is
most commonly seen in the bones of the
skull, where destruction of the perieranium F16. 74.—A Ring of
by mechanical injuries, or by burns, often necrasec band HICH By

i i E geparated from a stump.
results in death of the outer table alone,
the inner table being supplied with blood from the dura mater.

Formation of new bone and inclusion of the sequestrum.—It
has already been said that the separation of the dead from the
living bone is the result of an inflammatory process. Now, this
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inflammation is not limited to the immediate neighbourhood of
the neerosed bone, but extends over a considerable area. The
living bone in contact with the sequestrum suppurates, but the
osteitis set up around is less acute, and results in the formation of
new bone. The latter 1s formed not only by
interstitial deposit, but also, and probably to
a greater extent, by the neighbouring perios-
teum. The amount of new bone formed may
be very great, and it thus happens that, by
the. time the dead bone has become com-
pletely separated from the living, it may be
surrounded by a case of new bone of con-
siderable thickness, whereby its extrusion or
exfoliation is prevented.

This formation of new bone is often well
seen in cases of acute periostitis, where, a
considerable length of the shaft having been
destroyed, the sequestrum becomes sur-
rounded by a sheath of new and porous
bone, except at one or two places where
discharging sinuses open through apertures
in the new bone on to the skin surface of the
limb. These apertures in the bony sheath
are called * cloacse,” and oceur in places
where the periosteum has been previously
destroved by sloughing. But, although such
a replacement of dead bone by newly formed
osseous structure is often most useful in
restoring the functions of the part, it is not
without its disadvantages. In the larger
number of cases the sequestrum becomes so
much shut in that its extrusion by natural
means is impossible, whilst, so long as it
remains, suppuration is kept wup, chronie Fro. T5.—A Tibia.
osteitis and periostitis persist, and the case showing necrosis of the

L 5 shaft and formation of
of new bone becomes thicker and thicker. In | oo ieal bone.
cases where this thickening oeccurs at the
articular end of a bone, it may be so extensive as ultimately to
limit the movements of the joint, and the latter may become
anchylosed by an extension to it of the inflammatory changes in
progress in the parts around. It is evident, therefore, that it is
advisable to remove the sequestrum as soon as it has become
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sufliciently loose; but it is not always well to anticipate matters
by artificially separating the dead bone from the living, for the
reasons that, until the line of demarcation appears, it is not
possible to be sure of the extent of the necrosis, and that, if the
dead bone be removed, the formative periostitis will soon cease,
and the production of new bone will be arrested. Where large
portions of the shaft have been destroyed, such a failure to form
new bone may result in the permanent impairment of the
functions of the limb.

Perhaps the most troublesome cases of all are those of central
necrosis—ecases which depend apparently on a limited osteo-
myelitis—for in these the bone which dies is that which bounds
the medullary canal, and from the beginning it is shut in by the
Htlllﬁrja{‘(‘fﬂt [_!E'IIII]]!I[.'t. 1](111{‘:,

Necrosis without suppuration.—Mr. Morrant Baker many
vears ago first drew attention to the oceasional oceurrence of
necrosis without external suppuration, and the subject is one of
so much importanee that it is well worthy of consideration.

In cases of this kind a history of injury many weeks previ-
ously may or may not be obtained, and the attention of the
patient is attracted by a swelling on a limb, which increases in
size with varyving rapidity, and as often as not is painless, and
sometimes not even tender when examined. The superjacent
skin is generally quite natural. The swelling feels firm and often
elastic. The accompanying drawing of a femur (Fig. 76) is from
a case of this kind. The patient was a lad of nineteen, who for
about three months had noticed such a swelling as has been
above deseribed; it was painless, and increasing in size. The
case was diagnosed as either one of periosteal sarcoma or of
necrosis without suppuration, and it was decided to make an
exploratory incision to settle the question. This accordingly
was done, and a mass of soft gelatinous tissue was exposed,
which, in the opinion of those present, was of a sarcomatous
nature. Amputation was therefore performed. A section of
the bone after removal showed that a very small portion
of the compact tissue of the shaft had neerosed, and that
it had been subsequently shut in by a quantity of new bone
formed around. Outside this new bone was a mass of fibrous
tissue and infiltrated musele, the seetion of which had simulated
that of a sarcoma. The size of the swelling was altogether out
of proportion to the amount of the necrosis; about twenty or
thirty drops of pus lay around the sequestrum, and communi-
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cated by a minute aperture in the new bone with a tiny cavity

in the inflammatory tissue.

This case well illustrates the chief difficulty in the diagnosis

of this form of necrosis, for, although
its true nature was suspected, even a
free incision rather obseured than eleared
it up.

In addition to those forms of necrosis
which result from injury, or from inflam-
mation started by either mechanical or
septic agents, it is necessary to allude
to the necrosis which results from
chemical poisons. Of these there are
but two whose influence is of import-
ance—mercury and phosphorus. They
act differently, for the former causes
necrosis through its absorption into the
system, whilst phosphorus acts locally
upon the jawbones through the inhala-
tion of its fumes with the respired air.
The effect of mercury on the teeth and
gums 1s well known, and its implication
of the jawbone is but an extension of the
same influence to deeper struetures.
With very rare exceptions, phosphorus,
when taken internally, does not cause
necrosis, and its fumes may also be
safely inhaled if the teeth are in a sound
state. If, however, there is dental caries,
a low form of persistently spreading
osteitis and periostitis is started which
often results in necrosis of considerable
portions of the maxillee, The separation
of the sequestrum and the formation of
new bone do not differ from similar
processes in other parts. The discase

Th—8ection of o

Fia.
Femur, showing necrosis with-

out a-'.u|1-|n.:|l‘11l-i1:-:ll. There is
excessive formation of new
bone and thickening of the
goft tissues around a small
sequestrum,  There was no
history of an acute attack,
and no abscess.

was especially met with in the workers in match-factories,
but is caused only by handling the yellow phosphorus and

not the amorphous variety.

It is now hardly ever seen.



CHAPTER XXXVII
DISEASES OF BONE (continued)

Syphilitic Diseases of Bone

Disease of the bones is one of the commonest manifestations
of constitutional syphilis, and may oceur either early or late in
the course of this affection. In the early stage of secondary
syphilis, pains in the bones, which are worse at night, are of
frequent occurrence, and, although actual disease is not always
to be discovered in a patient with these symptoms, the formation
of nodes 1s very common.

A node is a localised inflammatory swelling on a bone. The
commonest situations of such swellings are the long bhones,
especially the tibize, and the bones of the skull. A section of a
node exhibits inflammatory exudation into and beneath the
periosteum, as well as into the surface layers of the bone itself.
In a large number of instances much of this exudation is subse-
quently absorbed, and the bone is restored to its natural con-
dition; but in other cases, especially if proper treatment be not
adopted, the exudation undergoes organisation, first into fibrous
tissue, and subsequently into bone, and a so-called ** hard node ™
is formed. The new bone is generally rough and porous, like
new bone elsewhere,

The tendency to organisation, however, is dependent both
upon the constitution of the patient and also on the locality of
the node. 1If the patient be otherwise healthy, and the node be
on a long bone, organisation is likely to ensue, but if the patient
be broken down in health, and especially if the skull be the seat
of inflammation, suppuration is liable to follow, and a * soft
node ” is produced. In this case a small periosteal abscess is
formed, whieh, when opened, is found to be connected with a
carious condition of the subjacent bone, and indicates that there
has been a localised suppurative periostitis and osteitis, with
rarefaction and partial destruction of the superficial layers of

bone.
318
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But whilst nodes are of common oceurrence, they ean searcely
be reckoned as serious lesions, when we consider how much more
severely the bones may suffer in syphilis. For instead of there
being but one or two isolated nodes, the whole length of a bone
may be attacked by chronie osteitis and periostitis, resulting in
the formation of new bone, deformity of the limb, and great pain.
In other cases, again, this sclerosis may be accompanied by caries
and neecrosis, and discharging abscesses and sinuses may tend still
further to damage the health of the patient. The necrosis is
chiefly caused by the cutting off of the blood-supply by the pres-
sure of the inflammatory exudation, but is also attributed by
some authors to the obstruction to the cireulation which is caused
by the selerosis of the surrounding osseous structure. It is diffi-
cult to exaggerate the extent to which a bone may be damaged ;
caries, necrosis, sclerosis, and formation of stalactitic periosteal
growths may so alter it as to render it almost unrecognisable.

It is, however, in the bones of the skull and face that syphilis
is seen at its worst, for here the destructive processes far outrun
those which cause mere sclerosis and osteophytic growth. Uleera-
tion extending from the nasal or buecal mucous membrane may
implicate the hard palate and the bones and cartilages of the
nose. Much of the latter organ may be destroyed, and perfora-
tion of the palate may cause difficulty in swallowing, with
tendency to the return of fluid through the nostrils, and nasal
intonation of the voice. Inflammation of the middle car may
cause necrosis of the auditory ossicles and of the temporal bone,
and thus produce deafness, or by an extension of inflammation
may cause meningitis or suppuration in the brain itself.

The vault of the skull is perhaps the favourite seat vf syphilitie
inflammations. Here the disease may attack either the inner
or the outer table, and in some cases implicates both. Caries
and necrosis go hand in hand, portions of bone being first
uleerated, and then gradually cut off from their vascular supj v
by an extension of the uleeration,

Three varieties of syphilitic uleeration of the skull have been
described—the annular, the tuberculated, and the reticulated.
In the annular form the uleeration commences at one spot and
spreads from this as a focus. The bone becomes worm-caten
and pitted, a circular groove is then formed around it, and the
central ulcerated portion is separated from its vascular connec-
tions, and dies. In the reticulated variety there is a network of
periosteal new bone, which is subsequently destroyed by annular
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uleers, such as those above deseribed. In the tuberculated
uleeration there is first the formation of raised, rounded, tuber-
cular nodules of new bone, and subsequently an ulceration and
destruction of them.

These varieties of uleeration frequently co-exist in the same
patient, whilst the amount of necrosed bone differs much in
different cases. The meninges do not usually become inflamed,
and the brain itsellf likewise escapes. Such, however, is not

Fia. 77.—Calvaria, with extensive syphilitic ulceration, which has
led in many places to actual perforation, the apertures being closed by
miem brane un\}'.

always the case, for death may ensue from suppurative menin-
gitis, due to an extension of inflammation from the carious bone.
(See also Congenital Syphilis.)

It should be added that the severer forms of bone disease in
syphilis are now but seldom seen in this country, though the
numerous specimens in our museums attest their former fre-
quency. This is doubtless in part due to earlier and more
thorough treatment, but there is also reason for the belief that
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in countries where the disease has prevailed for some centuries
its manifestations tend to become less severe.

Rheumatic Affections of Bone

The most commonly recognised form of ** rheumatie ** disease
of bone is a chronie periostitis, with thickening, and the forma-
tion of so-called ** rheumatic nodes.” These nodes are usually
- situated upon the long bones, and are frequently indistinguish-
able from those due to syphilis. They never suppurate, however,
and are sometimes more diffused than the syphilitic variety.
The affections of the articular ends of the long bones in osteo-
arthritis will be deseribed in the chapters on Diseases of the

Joints.

Osteitis Deformans

This is a form of very chronie inflammation of bone oceurring
in people past middle age, implicating many bones, and accom-
panied by a peculiar softening and bending of the osseous
structure. It was first deseribed by Sir James Paget.

In a few cases only a single bone is affected, and the discase
may be limited to the humerus, the tibia or the femur.

The bones affected by this disease become gradually thickened
by the deposit of new bone from the periosteum, and by the same
process their normal outlines are slowly obliterated. By the
exudation of inflammatory produets within the bone the osseous
structure is absorbed, rarefied, and softened, the spaces thus
formed being filled with inflammatory exudation. The whole
bone becomes greatly increased in circumference, and, on seetion,
is seen to be much thickened. In some eases, the medullary
canal is increased in size.

In consequence of the softening which accompanies the in-
flammatory process the bones become bent, the normal curves
being at first inereased, whilst, after a time, fresh curvatures are
developed.

The skull is inereased in thickness, the forehead becomes large
and prominent, and the face in consequence appears to be too
small for the eranium, by which it is overshadowed. The
clavicles become much curved and thickened. The thorax falls
in on account of the vielding of the softened ribs, and the
abdomen becomes prominent. The femora curve chiefly out-
wards, and the tibize forwards. The humerus does not eurve so

21
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much as most of the long bones, but the radius and ulna curve
backwards. In consequence of the bending of the bones of the
lower extremity, and of the general posterior curvature which

Fig. 78.—Figure of a woman with Osteitis Deformans, showing the eurvature of the
lower extremities, the large forehead, and the peculiar carriage of the head.

is often met with in the spine, the height of the patient is fre-

quently diminished by several inches. The walk is tottering,

and the support of a stick is often necessary. The shoulders fall



OSTEITIS DEFORMANS 323

forward over the chest, and the head protrudes in a very peculiar
manner, looking as though it were too heavy for the cervieal
vertebrze, for the chin would naturally rest upon the sternum,
and, in order to look up, the patient thrusts it out so that the face
is carried on a plane which is considerably anterior to that of
the body. The course of the disease is slow,
and usually extends over many vears. A
fatal termination may result from the
difficulty of respiration ecaused by the
softened thoracie wall.

The disease has no known cause, and
no remedial measures of any importance
have been discovered. It seldom oceurs
before the age of forty, and is most common
in males. It has been associated with
gout in some patients and with malignant
tumours in others, but no eausative relation
with either of these has been established.
Sarcoma of one or another of the affected
bones is no uncommon thing, but seems to
be a terminal event. Secondary deposits
'I'IHl:ﬁ.' i]l H'Il[‘.]'l CasCcs ofécur 11 tll[’. Ui.jll"'['
hones.

Mollities Ossium

Mollities ossium is a disease in which
there is a gradual softening and subsequent
bending of the bones. Many parts of the
skeleton are usually involved at the same
time, and the diseased condition affeets the
whole of the bones both of the limbs and
of the trunk., Women of middle age are
much more subject to mollities than are  Fio. 79.—Section of

! b : a Tibia from a caze of

men, and in a large number of cases 1t (uteitis Deformans.
undoubtedly commenees during pregnancy.
In some patients mollities is limited to the pelvie bones. No
time of life is altogether exempt, and examples have been
recorded in infants as well as in extreme old age. In some few
cases the course of the disease has been arrested either by
nature, or, apparently, by treatment.

An examination of the affected bone shows a gradual destruce-
tion of the cancellous tissue, with a corresponding increase in
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the medulla; the destruction extends to the compact bone, the
osscous structure is gradually removed, the bone becomes soft
and vielding, and is in great part decalcified. In the process of
destruction there is no sign of inflammation, and, in many cases,
none of new growth : the bone salts appear to be simply dissolved
out. An examination of the medulla shows, in some eases, an
increase of fat, and in others a peculiar gelatinous matter which
is chiefly composed of oil, fat, and disintegrated blood-cells. The
osteoclasts, which are always present during bone destruction
from any eause, are here also increased in number.

The true pathology of mollities is yet obscure. It has been
attributed to an excess of laetie acid in the blood, but this has
certainly not been elearly demonstrated.  When oecurring during
pregnancy, it has been attributed to the demand by the feetus
for bone salts; but this does not explain the cases which oceur
independently of pregnancy. There can, in fact, be no doubt
that several distinet forms of disease have been ineluded under
the term mollities ossium. Amongst them may be mentioned :
(1) The form associated with pregnaney. (2) A form, occurring
imdependently of sex, in which the lime salts are absorbed from
the bony tissues and often shed out elsewhere—e, g., as caleulous
deposits in the kidneys. Some degree of this * ealeareous
metastasis ' is almost a normal senile change, but it may occur
even in the young, and this to an extreme degree. (8) A form
due to a true new growth in the bones. This growth is of a
peculiar character, and is limited to the bones. It is known as
diffuse myelomatosis, and though related in some measure to
the sarcomata, it differs from these in many important respects,
especially in the absence of visceral metastases. Prof. Muir,
reporting on a case of Dr. Parkes Weber, suggests that the
constituent cells of the growth are derived from the neutrophil
cells of the bone marrow. In other cases the cells are apparently
related to plasma cells, while in yet others they are ungranulated
and resemble those of an ordinary sarcoma. It is in these cases
of myelomatosis that the peculiar *° Bence-Jones protein ™ is
found in the urine,

Rickets

Rickets is a constitutional disease in which the bones are
specially liable to suffer; they are not the only tissues diseased,
but, on account of the very obvious changes that oceur in their
shape and structure, and of the importanece of these changes in
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the further development of the body and limbs, the diseased state
of the bones attracts attention rather than the constitutional
cachexia and the visceral diseases which accompany it.

Rickets is practically never econgenital (the so-called cases of
congenital rickets being properly referred to sporadie eretinism
and *‘ achondroplasia ™), but is chiefly due to bad feeding,
although any bad hygieniec conditions, such as overcrowding,
deficient ventilation, and lack of exercise, undoubtedly influence
its development.

Recent experimental work on animals has gone far to explain
the cause of rickets. Dr. Mellanby’s dictetic experiments on
puppies strongly suggest that the disease depends upon deficieney
of the vitamine known as ** fat-soluble A.” This substance is
absent in bread and starchy foods, and present only to a small
degree in lean meat. It is richly present in animal fats, especially
in whole milk and butter and, above all, in eod-liver oil : in
vegetable fats, on the contrary, it is scantily present or absent,
s0 that margarine of vegetable origin cannot replace butter in
the diet of the growing child. These facts will explain the
inferences derived from clinical experience as to the dietetic
factors concerned in the production of rickets. Dr. Mellanby
has also shown that the disease is more easily produced in rapidly
growing than in slowly growing puppies, and Mrs. Mellanby has
brought forward evidence that the dietetie deficiencies which
cause rickets also interfere with the proper development of the
tecth, so that food rich in ** fat-soluble A ” is required not only
in childhood but during adolescence,

Rickets is most commonly developed during the first two
vears of life, but may occur as late as seven or eight years of age,
whilst isolated cases are recorded in patients of from twelve to
twenty vears of age. Children in towns are more frequently
affected than are those in the eountry, and for obvious reasons.
The general signs of rickets, independently of the osseous affee-
tions, are briefly as follows : The child is lable to attacks of
vomiting and of diarrhaea, its food evidently causes dyspepsia,
and the abdomen becomes considerably swollen. There is much
lassitude, with unwillingness for exertion, and impairment of
muscular power and tenderness of the limbs. At night the
child sweats much, especially about the head, and often throws
off the bed-clothes. The teeth are late in being cut, and
the anterior fontanelle remains open for an undue length of
time. The liver, spleen, and lymphatic glands may become
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enlarged, and laryngismus stridulus or bronchitis may occur as
complications.

As regards the bones, the following changes may be noticed :—
The long bones become excessively curved, the bending being at
first due to an exaggeration of the normal curves, although, later
on, secondary curves are developed. The articular ends of the
long bones beeome swollen at the line of junetion of the diaphyses
with the epiphysial cartilages, whilst similar swellings developing
at the sternal extremities of the ribs produce the so-called
“ beads ™ on the latter bones, On aceount of its softened state,
the thoracic wall fails to resist the
negative pressure established within
the thorax during the act of inspira-
tion, and its upper part becomes com-
pressed against the vyielding lungs;
the lower portion of the thorax is not
thus driven in, being supported by
the solid liver and spleen and the
other abdominal viscera. The char-
acteristic thoracic deformity in rickets

Fagis is, however, the outcome of several
Fia. 80— Cyrtometric tracing  1actors, and is much accentuated by
taken after death from the body 1'{.-.*-'.piratnr}' difficulties, amongst which
of a child, aged two years, who i :
pnwvnh:ilahingh I'll;"_[:[n‘.l;{]f rachitic I'}T('-'“{'h]tlﬂ ﬂﬂd ("'l'l]ﬂfgﬂ'd tﬂﬂﬁl!s arc
deformity of the thorax. The {he most important. The thoracie
tracing was taken at the level of , b
the nipples, and is reduced to wall tends Hp[‘:{.‘lﬂ]]}' to fall in ﬂlﬂng
f:"t{E:;_:'I"zjzi:f"‘“"““""“""]' of the  the line of junction of the ribs with
the costal cartilages. The pull of
certain ordinary and extraordinary muscles of respiration—
notably the diaphragm, the pectoralis major, the serratus
magnus, and the reetus abdominis—causes this vielding to
take a certain definite shape. The resulting depression, known
as *° Harrison’s sulcus,” is faintly marked and almost vertical at
the upper part of the chest; it attains its maximum about the
fifth interspace in the nipple line and then passes obliquely
outwards in a direction corresponding to the upper margin of the
solid abdominal viscera, becoming fainter as it passes backwards.
The sternum is thrust forward, constituting the deformity
known as *‘ pigeon breast.” The cyrtometer tracing on this page
illustrates the general character of the thoracic deformity in
rickets. The spine becomes more curved than natural, and in
some cases a general posterior curve takes the place of the normal

Back
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sinuous outline. The head is enlarged, and the forchead especially
is bulging and prominent.

The iliac erests are turned out and the pelvis is either com-
pressed in an antero-posterior direction by the weight of the
body being transmitted through the spine and the sacrum when
the patient occupies a sitting posture, or else is flattened from
side to side by the pressure of the heads of the femora when the
patient is supported on the lower extremities. Thus, the former
deformity is more common when the disease affects children
unable to walk; the latter, when older patients are attacked.

Rachitie children are generally undersized, though they may
be fat and flabby, and in bad cases the bone disease appears to
act as a deterrent to future healthy growth, for a patient who has
suffered severely from rickets seldom attains middle height,
In consequence of the softened state of the bones, greenstick
fractures are not uncommon.

An examination of the bones themselves after removal from
the body shows that the osscous lesions above deseribed are due
to an imperfection in the caleification of the growing bone, and
that, whilst the removal of old bone and the formation of the
animal matrix for the new bone both proceed normally, it is in
the failure of deposit of ealcarcous salts in this matrix that the
real osseous defect in rickets exists. There is not, on the one
hand, an increased absorption of bone, nor is there, on the other,
an increased preparation for ossification,

In the normal increase of a bone in thickness the more central
portions of the cancellous structure are gradually removed by
absorption, so that the medullary eanal slowly, but constantly,
increases in size. And in a healthy bone, just as fast as this
hollowing out progresses within, so fast is new bone laid down by
the surrounding periosteum, the proper proportions of the com-
pact bone and of the medullary canal being thus maintained.
Now, in rickets, the former part of this process progresses quite
naturally. The shaft is hollowed out from within in a perfectly
normal manner. It is the formation of new bone from the
periosteum that fails, and, as the old bone is gradually removed,
layer on layer of the animal matrix of the new bone is certainly
formed from the periosteum, but being only imperfectly ealeified,
the shaft comes to be gradually formed of soft unresisting bone,
and consequently becomes curved and deformed. It is seldom
that all attempts at caleification are entirely absent; there is
generally some attempt, however slight, and the result of this
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is the formation of an imperfectly developed bone:from the
periosteum, to which the name of *° osteoid tissue ” has been
given,

At the epiphysial ends changes of a precisely analogous nature
are found; here also there is growth with imperfect ealeifica-
tion. The epiphysial cartilage in a normal bone is continually
growing, but just as fast as it grows, so fast does calcification
extend into it from the diaphysis, and thus the cartilage itself
never exceeds certain limits of size.  Now, in rickets, the growth

Fia. 81.—Section near the Line of Ossification in a Rachitic Bone. The
cartilage cells are arranged in irregular groups and not in rows, and the areas
of caleification are scattered and imperfect.

of the cartilage progresses just as it does in a normal bone, but
calcification is slow and imperfeet. It thus happens that in a
section of a rachitic bone the epiphysial cartilage is found to be
considerably in excess of that which is natural. Yet here also, as
in the case of the formation of new bone from the periosteum,
calecification is not absent, but only incomplete; consequently,
the line of ossification, instead of being regular and even, becomes
irregular and jagged ; islands of caleareous material are found in
the enlarged epiphysial ecartilage, and portions of unaltered
cartilage are left behind in the most recently formed new bone.
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Microscopical examination shows great irregularity in the rows
of cartilage cells, and imperfectly formed bone. (See Fig. 81.)

The swellings at the junctions of the epiphyses with the shafts
are now readily explained. The imperfectly formed new bone
is softer than natural, and, being compressed between the
epiphysis on the one hand and the diaphysis on the other, it
bulges at the circumference, as would any other soft and yielding
structure.

By many writers on the subject it is stated that in rickets
there is “‘ increased preparation
for the formation of new bhone,”
i. ¢. increased growth of the
epiphysial cartilage, and the in-
ereased width of the latter in
rickets is by such observers con-
sidered to be the result of the
inereased growth, and not, as is
above described, of delayed cal-
cification. The question is one
which is a little difficult to settle
definitely, but it is on the face
of it highly improbable that a
disease which results from mal-
nutrition would cause increased
growth of any tissue. As a
matter of fact, also, the bones
of such patients, instead of being
longer, as they would be if the e : :
epiphyses grew abnormally fast, a.uril;lnlrﬁ‘ ;;[z E?mjﬂi E::.ll*:hflu'::mf:
are shorter than natural, and enlargement of the costochondral junc-
it is well known that rickety "™ e
children are usually ill-developed and stunted.

In exceptional cases the bones in rickets undergo further
change, and becoming greatly inereased in thickness, lose much
of their natural shape. This, again, is considered to be the result
of a tendeney to inereased growth, but should rather be looked
upon as the result of the rickets than as an essential part of
the morbid process. The thickening is probably of the nature
of a compensative hypertrophy, and is designed to support
the weak and yielding bone, whilst, on account of the rachitic
condition of the patient, all the new osseous tissue thus formed
is porous and spongy, as already deseribed.
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After rickets has ceased, the bones commonly beeome denser
than natural, and growth is often arrested at an earlier age than
usual.  When the bone has been eurved, it is especially thickened

Fic. 83.—Photograph of a girl,
illnztrating the bony deformities
left behind by rickets in child-
hood. The trunk is stunted and
deformed by spinal curvature; the
femora are abnormally curved,
and the characteristic 11:"[1:11115[}’
of the tibia is exceptionally well
shown.

on the side of the concavity—a con-
dition which evidently strengthens
it and tends to prevent the curve
from inereasing.

Scurvy rickets. This name has
been given to a disease which, like
rickets, arises from bad feeding, and
may be associated with the latter
affection. It has, however, no neces-
sary connection with it, and is better
termed ** infantile seurvy.” Like the
ordinary form of scurvy, it is specific-
ally due to the absence from the
diet of certain unknown substances
present in fresh vegetable food and
milk. This is proved by the readiness
with which the eondition is eured by
the admimstration of such a simple
thing as orange-juice. It is char-
acterised by effusion of blood beneath
the periosteum of one or many of
the bones, together with hemorrhagic
extravasations in the soft tissues,
spongy gums, and purpuric eruptions.
The bones of the lower extremity are
more frequently affected than are
those of the upper, and the effusions
of blood are most common at the
junctions of the diaphyses with the
cpiphysial cartilages : 1 some cases
separation of an epiphysis oceurs.

The swellings caused by the
hazmorrhage are quite unsymmetrical,
and vary much in size from time

to time: the disinelination to use the limbs is much more
noticeable than in rickets, and there is frequently much pain
and tenderness. The disease is not unecommonly fatal, and
an examination of the bones after death sometimes shows
that the sub-periosteal hwmorrhage has been very extensive.
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Notwithstanding the separation of the periosteum, necrosis
never ensues.,

Achondroplasia.— This term has been suggested as a suitable
designation for certain cases of deformity of the limbs which are
evidently due to imperfect ossification of the epiphysial eartilage,
and to a consequent shortening of the limbs. It has been
pointed out by Parrot, Kaufmann, and Dr. John Thomson of
Edinburgh, that cases of this class have been erroneously in-
cluded amongst those of ** feetal rickets ™ and ** sporadie eretin-
ism,” and it is certain that in the cases in question there is no
real rickets and no disease or abnormality of the thyroid gland.
It is further probable that many of the specimens deseribed as
* feetal rickets ” or *° sporadie eretinism ' really belong to this
class, and have not hitherto been sufliciently recognised.

The abnormal condition commences in utero, and the bones
which are chiefly affected are those which are the earliest to be
developed, while ** those which, though formed in cartilage,
remain altogether or mainly cartilaginous till a late period
of intra-uterine life, are found quite normal in size ™ (Thomson),
so that the morbid process must commence at a period when
the differentiation of the mesoblast is in progress. Bones
formed in membrane develop normally.

In the most marked examples of this affection the foctus is
generally still-born; very few survive birth more than a few
days. In those cases where early death does not oceur the
patient grows up a dwarf, with euriously thickened and stunted
limbs, but with a spinal column of normal length, and with
normal clavicles, scapule, hands and feet, the deformity thus
affecting mainly the limbs and pelvis, as in sporadie eretinism,
and, as in the latter disease, the base of the skull is imperfectly
developed. In these patients, however, there are none of the
associated mental conditions of eretinism: the skin and hair
are natural and the sexual organs are normally developed. [
am much indebted to Dr. Thomson, for the accompanying
illustration taken from his paper in the Edinburgh Medical
Journal.

Apart from the shortening of the limbs, the most conspicuous
feature of achondroplasia is the change in facies due to premature
synostosis of the elements forming the basis eranii.  This results
in an apparent drawing-in of the root of the nose and a corre-
sponding bulging of the forehead, well seen in the illustration.

Different varieties of achondroplasia have been deseribed
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according to the predominance of one or another feature—a
hyperplastic form with widened epiphysial extremities of the
long bones and a hypoplastice form in which they are not widened.

Fic. 84.—Photographs of two men affected with Achondroplasia.

It is probable that, in all, we have to do with a single funda-
mental defect in the development of the bones laid down in
-artilage in early feetal life.  The varieties depend on the precise
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period of feetal life at which the disease commences and on its
distribution in the skeleton.

A further feetal disease of bone, distinet from achondroplasia,
is the condition known as ** osteogenesis imperfecta,” in which,
although the eartilaginous rudiments of the bones are properly
laid down, the ultimate ossification, which is in the main perio-
steal, is defective. The long bones are not shortened, or only to
a moderate degree, but they are often bent and are fragile,
presenting multiple fractures. The base of the skull is normal
in this condition, but the vault is largely unossified. The
affected child does not long survive birth, and is indeed usually
still-born. In contrast to achondroplasia, the disease in osteo-
genesis imperfecta affeets the bones laid down in membrane.
Craniotabes may be a minor form of the condition,



CHAPTER XXXVIII
TUMOURS OF BONE

Exostoses

Fxostoses, or osteomata, are the most common tumours of
hones. There are two chief varieties of such growths—eancellous
and ivory.

Cancellous exostoses arc composcd of cancellous tissue exactly
similar in structure to that which forms the articular ends of
the long bones. They occur almost invariably in young people,
and are most commonly seen on the ungual
phalanx of the great toe or at the articular
ends of the long bones, especially on the
lower and inner side of the femur just by
the adductor tubercle, and on the upper
end of the tibia. They appear to grow
from portions of the epiphysial eartilage
which have failed to become ossified, and
which subsequently take on active and
independent growth., A section of a grow-
ing cancellous exostosis will always show
a covering of cartilage, and microscopieal

Fria. 85.—A Cancellous examination will reveal the formation of
Exostosis. Its surface i+ new bone in progress, just as does a
';:.:1,,‘]::1? l'.'-i.::;;Ii.la:,lu't-,]ll.\.ill. of section through an epiphysial cartilage.

L ' Cancellous exostoses seldom attain any
considerable size, being most commonly about as large as a
walnut. They usually cease to grow at the time when the
epiphysis is united to the shaft—a point which is worth
remembering when considering the advisability of remowval.
They are often attached to the bone by a distinet pedicle, and,
especially when they have been subjected to pressure or friction,
may be covered by a bursa, which may render their hardness
less evident than would otherwise be the case. Occasionally

534
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these bursa are in direct communication with the neighbouring
articulation.

Cancellous exostoses are sometimes multiple, and as many as
one hundred or more have been known to occur on a single
individual. These multiple exostoses are frequently hereditary,
and are often found in several members of the same family. In
their structure and mode of growth, as well as in their prefer-
ence for the articular ends of long bones, they do not differ from
the single exostoses.

Ivory exostoses are composed of compact bone of more than
usual density, with fewer Haversian spaces and canalienli than
are present in normal bone, Like the cancellous growths, they
are most common in young people, but oceur also in middle age.
The most usual situation for such tumours is the eranium, but
they are also found on the bones of the face and on the ilium
and scapula. They are usually single and small, often not larger
than a hazel-nut. They are in no way dangerous to life, but,
from their situation, may be the source of much inconvenience,
and, when growing from the bones of the orbit, may eause so
much pressure on the eyeball as seriously to interfere with the
sight, or even to destroy the eyeball itsell. So great is the
density and hardness of the bone of which they are composed
that in some cases all attempts at removal by bone forceps or
saws have been frustrated.

The special forms of osteomata which grow i the jaws are
deseribed under *° Tumours of the Jawbones.”

Chondroma

Cartilaginous tumours grow almost exclusively on the bones
of the hand, and much more rarely on those of the foot and on
the ribs. Pure chondromata also oceur at the articular ends of
the long bones of the lower extremity, but most of the carti-
laginous growths in these situations are mixed with sarcomatous
elements, and should be classed amongst the malignant tumours.

Chondromata of the hand are frequently multiple, and grow
on the phalanges more often than on the metacarpal bones.
In bad cases, the hand is completely disfigured and useless.
The growth commences inside the affected bone, and expands
the compact tissues so as to form a bony shell. Unless the
tumour is of unusual size, it ean be enucleated without saerifice
of the entire bone.
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The cartilage of which these tumours are composed is almost
always hyaline, but not infrequently the matrix shows in parts
traces of fibrillation. Neither ossification nor calcification is
[requent.

Fia. 86.—Longitudinal section of a Finger with an Enchondroma
pecupying and expanding the proximal phalanx.

Fibroma

Fibrous tumours of bone are of limited distribution, and,
indeed, appear to be almost confined to the nasal and buccal
cavities. In the former they oceur as fibrous polypi, and in the
latter as fibrous epulides. They spring from the periosteum in
all cases, and are of an innocent nature. (See page 165.)
Endosteal fibromata also oceur in the jaws, and especially in
the lower jaw.

Cysts

Cysts containing serous fluid, such as are met with in the soft
tissues, sometimes occur in bone; whilst muecous eysts, and
others which oceur in the maxillae, are dealt with under Tumours
of the Jawbones. The only other fluid tumours met with in
the bones are of a parasitic nature, and contain hydatids.
Cysts of this nature may attain a considerable size, expand the
bone, and lead to its fracture. Their intimate structure does
not differ from that of hydatids in other parts of the body.
Secondary, or degeneration eysts, are common in the endosteal
sarcomata.

Sarcoma

Sarcoma is the only form of malignant tumour which oecurs
primarily in bone. Carcinoma cannot originate in osseous
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tissue, for its growth always commences in pre-existing epi-
thelium.

Speaking generally, sarcoma of bone may be said to be a
disease of early life, though not of infancy. By far the larger
number of cases occur between the ages of fifteen and thirty,
though examples are to be found in patients both older and
younger than these limits.

Sarcomata are most conveniently divided into two main
classes—those which grow outside the bone, or periosteal sarco-
mata, and those which grow within, or endosteal sarcomata.
The growth in either case may be composed of round, spindle, or
mixed cells, whilst in some endosteal sarcomata, and very rarely
in the periosteal ones, myeloid or giant-cells are found. In all
the varieties, chondrification, ossification, and calcification may
occur, and thus much of the growth may be composed of
cartilage, bone, or calcareous material. Such an alteration in
structure does not affect the elinical character of the tumour or
modify its malignancy, but the secondary growths, if such be
present, will elosely simulate the primary tumour.

Some bones are much more frequently diseased than are
others, those most commonly affected being the femur, tibia,
humerus, the bones of the skull, and the lower jaw.

The periosteal sarecomata originate in the periosteum, and
separate it from the subjacent bone. As they increase in size,
they extend through the periosteum and infiltrate the surround-
ing soft tissues, and, in addition, grow into the bone itself, and
develop in the osseous structure even more rapidly than they do
in the superjacent parts. They almost always occeur at the
articular ends, but in the humerus, and to a less extent in the
radius and ulna, exhibit a tendency to affect the shaft. They
present themselves clinically as firm, elastic growths on one
aspect of the bone, not expanding it, and not being covered by a
bony shell; their base of attachment is large, and frequently
osseous; the diseased bone may spontaneously fracture. The
skin is often red, shiny, hot and tender; there may be effusion
into the neighbouring joint, and the body temperature may be
considerably elevated. The rapidity of growth differs in different
cases, being generally more rapid in the round-celled tumours
than in those which are composed of spindle-cells, and whose
stroma is often fibrous. If no operation be performed, the
patient may die of the cachexia induced by the growth, or of

secondary tumours in the viscera, especially in the lungs. If
22
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Fia. 87.-
the Fibula, from a boy of seventeen

A Periosteal Sarcoma of

vears. The growth was s r1ichly
vazcular one, and was deseribed asz an
“ angio-sarcoma.”

PERIOSTEAL SARCOMA

amputation of the limb be per-
formed, the growth is exceedingly
likely to recur, although, if the
bone at the seat of section be
healthy, recurrence is not fre-
quent in the stump. The super-
ficial lymphatic glands —e. g.
those in the inguinal region—
often remain free from disease
throughout; but the deeper ones
—e.g. those along the iliac vessels,
or in the lumbar region—are
somewhat more liable to be
implicated by the secondary
tumours, In some cases the
viscera, and especially the lungs,
are largely involved.

An examination of the diseased
limb will show a growth which
infiltrates, but does not expand,
the bone, and which is in no
way limited by a capsule. The -
remains of the periosteum can
often be traced, but in tumours
of considerable size it becomes
indistinguishable. The growth
itself may either be a soft, pulpy,
hazmorrhagic mass, or a gelatin-
ous, opaleseent, fleshy, and some-
what lobulated tumour: more
rarely, it is fibrous on section.
Mingled with the tumour is a
variable amount of cartilage,
bone, or caleareous matter. The
bone is arranged in the form of
delicate spicule or needles, stand-
ing out at right angles from the
diseased shaft or articular end;
this structure is best seen in
macerated specimens.

Endosteal or central sarcomata
fall into two classes : (1) In the
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first and much the less common type, the growth is of the
ordinary sarcomatous kind. It may be a round-celled, spindle-
celled or mixed-celled sarcoma, or may be mingled with cartilage.
In the mixed-celled endosteal sarcomata it is not uncommon
to find large irregular and multinucleate syneytial masses,

Fra. 88.—Section through the head of a Tibia which has been
expanded by the growth of an endosteal myeloid sarcoma. The
tumour has broken down and formed eysts full of blood-stained
material, and in part it has transgressed the limits of the bone.

which must carefully be distinguished from the more regularly
formed giant-cells of myeloid sarcoma. These growths are
malignant, less so than the periosteal sarcomata, but of a very
different type from the myeloid sarcomata next to be men-
tioned. They have not that exclusive predilection for the
articular ends of the long bones shown by myeloids, though
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they are commoner there than in the shafts. (2) The second
and much the commoner type of endosteal sarcoma is the
myeloid sarcoma, a form of growth which arises from red bone
marrow. It therefore occurs only in those situations where red
marrow is present—in the caneellous tissue at the ends of the
long bones, in the jawbones, and less frequently in the skull,
carpus, and tarsus. The myeloid sarcomata are growths of
limited or local malignancy. They never affect the glands or
give rise to secondary growths elsewhere, though locally they
destroy the tissues adjacent and may even uleerate and fungate.
Some writers separate them on these grounds from the true
sarcomata and term them myeloma. It must, however, be
borne in mind that more than one kind of tumour arises in bone
marrow : allusion has already been made to the condition
termed diffuse myelomatosis. If, therefore, the term myeloma
be applied to the myeloid sarcomata, it should be with some
qualifying prefix—e. g. giant-celled myeloma—in allusion to the
abundant myeloplaxes which they contain,

The natural course of the myeloid sarcomata is as follows :
Commencing in the cancellous tissue, they soon extend into and
infiltrate the compact bone, deprive it of much of its bone salts,
and gradually expand it and alter its shape. The thin and
expanded bone covers the growth like a shell, whilst from the
periosteum a very little new bone may be produced. Spon-
taneous fracture may oceur in consequence of the weakening of
the bone. As the tumour increases, it bursts through its osseous
capsule in places and infiltrates the soft tissues. The articular
cartilage offers a stubborn resistance to its progress, and is
seldom involved in the growth, although the latter may push it
aside and reach the articular cavity. Endosteal sarcomata are
of very variable consistence, and exhibit a great tendenecy to
break down in their centres and form eystic cavities, which
occasionally communicate directly with large blood-vessels and
are full of blood and tumour débris. The myeloid sarcomata
are of a dark-red or maroon colour, and are more liable than
others to develop eystie cavities.

Endosteal sarcomata present themselves clinically as growths
expanding the bone, and not appearing on one side alone, as do
the periosteal tumours. They are covered by a bony shell, which
sometimes yields to pressure, and bulges or erackles beneath the
finger; occasionally, pulsation is produced by the communica-
tion between the vessels and the eysts. The growth of endosteal
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sarcomata varies in rapidity, the myeloid tumours growing most
slowly and the round-celled ones most rapidly. If no treatment
be adopted, the patient may die either of the cachexia induced by
the disease, or else from dissemination of the tumour. Glandular
affection is rare. If completely removed by amputation or
otherwise, myveloid sarcomata frequently do not recur either
locally or elsewhere, and the tendency to recurrence and dissemin-
ation of all endosteal growths is much less than is that of the
periosteal sarcomata.

Blood-eysts in bone.—Most of the swellings of bone which on
section are found to contain blood, are really myeloid sarcomata
which have broken down, and the vast majority of the so-called
* aneurysms 7 of bone of the older writers undoubtedly belong
to this elass. Nevertheless, there are a few exceptional and rare
cases in which angeiomata or simple blood-eysts, quite innocent
in their nature, develop in bone, and appear to consist of
numerous thin-walled blood-vessels with a little surrounding
connective-tissue. In one case a tumour which expanded the
head of the tibia, and simulated a myeloid sarcoma, was found
to contain merely blood and clot. The cavity was subse-
quently gradually filled with granulation-tissue, and five years
later there was no sign of any growth,.

Tumours of the Jawhones

Tumours of the jawbones possess so many distinctive features
that they merit separate description. These distinetive char-
acters depend partly on the proximity of the neighbouring
mucous cavities, and partly also on the presence of the
teeth and of the fectal structures from which the latter
originate.

Epulis.—The term ** epulis ”* is often applied without distine-
tion to any tumeur which grows upon the gum, but is best
limited to the * hard fibromata > which are common in this
situation. The common fibrous epulis usually occurs in young
people. It presents itself as a rounded, slightly pedunculated
growth, seldom larger than a hazel-nut, and often smaller. It
does not bleed except when it is ulcerated, and gives but little
pain. Such tumours grow from the periosteum, and are occa-
sionally attached to the fang of a tooth. Even when not so
attached, their deeper part occasionally extends into the neigh-
bouring alveolus, and consequently their complete removal
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sometimes necessitates the extraction of a tooth and the exeision
of a portion of the alveolar margin.

The so-called ** diffuse epulis ” is merely a general thickening
and hypertrophy of the tissue of the gum.

Sarcoma.—Myeloid sarcomata are often included amongst
the epulides under the name of ** myeloid epulis.” They possess
the characters common to endosteal sarcomata in other situa-
tions—growing within and expanding the jawbones, presenting
as rounded, tense, and clastic swellings, often feeling suspiciously
like cysts, and generally developing in young subjects. After
complete removal they seldom reeur, and never become
disseminated. -

In addition to the myeloid tumours, other varieties of central
sarcoma occur within the jawbones, and are most frequently seen
in the antrum. They are usually composed of round or oval eells,
are very soft and succulent, of rapid growth, tending to extend
into neighbouring cavities, to fungate through the skin, to affect
the lymphatic glands, and to become disseminated.

As they increase in size, they expand the wall of the antrum
on all sides. Thus, they thrust inwards the outer wall of the
nostril and obstruct respiration, and portions of them may grow
into the nares and simulate polypi; they push up the floor of the
orbit and cause protrusion of the eyeball; backwards, they
extend to the pharynx; and downwards, they either cause the
hard palate to bulge, or else make their way between the two
layers of compact tissue of the alveolar process, and after loosen-
ing one or more of the teeth, fungate through the gums. Any
tumour growing within the antrum tends to distend the cavity
in this way, but malignant tumours do so in a more typical
manner than do the innocent growths. Glandular affection is
not common in cases of sareoma of the antrum, but does some-
times oceur.

In addition to the myeloid tumours, fibro-sarcomata ocea-
sionally develop within the lower jawbone. They are some-
times hard and fibrous on section, and contain within their
substance numerous osseous or caleareous granules. They are
apparently not very malignant, and when completely removed
with the bone in which they grow, do not seem prone to recur.

The periosteal sarcomata of the lower jaw do not present any
important points of difference from similar tumours on other
bones. They are mostly of rapid growth, and are very malignant.

Carcinoma.—True carcinomatous tumours are met with in
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the antrum, developing in this cavity from the epithelium of its
mucous lining. They grow in elderly people, and tend to run a
rapid course, affecting the glands and becoming disseminated.
Histologically, they are found to be epitheliomata with either
squamous or columnar cells, or they may be spheroidal-celled
encephaloid cancers.

Multilocular eystie tumour.—The so-called multilocular cystic
tumour appears to stand between the solid growths on the one
hand and the true eysts on the other; on account of its structure
it is sometimes called * cystie epithelioma.” These growths
(which in this country have been especially studied by Sir
I'rederic Eve 1) are rare, and have until late years hr~~:~n11.'rr_\‘
imperfectly understood, so that specimens of maxillae dilated by

Fia. 89.—A Lower Jawbone expanded and in part destroyed by a Multilocular
Cystic Tumonr.

eysts have been generally deseribed as instances of true simple
eystic disease of bone.

It must not, however, be thought that in these tumours there
is no new growth, for there may be so much as to give the appear-
ance of a solid tumour, or so little as to make it appear that the
jawbone is expanded merely by collections of dark, brownish
fluid. Multilocular eystic tumours are most common in the
lower jaw, and are of endosteal or central growth. They appear
to originate from epithelial cells which have been originally
involuted at the time of the formation of the teeth, and they
occasionally follow injury of the bone or caries of the teeth.
The view most commonly held as to their nature is that they
are derived from the ** enamel organ,” and some recent writers

1 Brit. Med. Journ., Jan. 6, 1883.
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have applied the term ** adamantinoma ** to them. The disease
may occur at any period of life, but is most common between
the ages of twenty and forty. Growth is generally slow, and
five or ten years may elapse before the patient applies for
treatment. The tumours are not very malignant, and show no
tendency to affect the glands or to disseminate, but they may
infiltrate the tissues around the diseased bone. They expand
the jawbone, more especially on its inner side, and are frequently
very hard and bony to the touch : they are oceasionally elastic

Fuz, 90.—Section of a Multilocular Cystic Tumour of the Lower Jaw.
There is a fibrous matrix containing masses of epithelial cells, which are
undergoing degeneration in their central parts and breaking down into
cystic cavities.

and erackling; the teeth become loosened and fall out, and from
their empty sockets there may be a discharge of sticky fluid.
Section of the jawbone will show that the osseous structure is
expanded, and that the eavities in it are filled, partly by a solid
growth of soft fibrous or fleshy material, partly by fluid which is
blood-stained, serous or viscous. The septa which divide the
cysts from one another are generally incomplete, and are either
fibrous or osseous. The cysts vary in size from that of a split
pea up to an inch or an inch and a half in diameter.
Microscopical examination shows that the new growth is
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composed of a fibrous stroma, in which are embedded columns or
groups of epithelial cells. In the more central parts of thesc
groups, the cells are to be seen undergoing mucoid degeneration,
and it i1s by this destruction that the cavities or eysts are formed ;
the outermost cells in the columns are often eylindrieal. Tt will
thus be seen that these multilocular eysts are produced by an
ingrowth of columns of epithelium, and it is by the subsequent
disintegration of the eells which form the tumour that the eysts
are developed. The latter are therefore secondary or degenera-
tion cysts, and are strictly comparable with the degeneration
eysts which are common in the endosteal sarcomata.

Periosteal eysts.—The periosteal cysts of the jaw are collec-
tions of fluid situated beneath the periosteum of the fangs,
They are of inflammatory origin, and are generally connected
with ecarious teeth or with fangs left behind after imperfect
extraction. They may be as small as a pea or as big as a walnut,
and, when large, cause thinning of the superjacent bone. They
are of common occurrence, and sometimes give considerable
pain.

Mucous cysts of the antrum.—Distension of the antrum by
clear fluid is most probably in all eases the result of the formation
of a eystic tumour in its lining membrane, and not of distension
by its own secretion. Such eysts are of a perfectly innocent
nature, and may occur at all ages; they are not accompanied
by, or dependent on, the development of any solid growth. In
eystic disease of the antrum, this cavity is distended in the
same manner as by a malignant tumour, but there is no funga-
tion, growth is not rapid, and as the bone is thinned, the presence
of fluid becomes apparent.

Empyema of the antrum.—This term is applied to a collection
of pus in the antral cavity. The secretion from its walls, in
inflammatory conditions, is apt to be purulent, and is often
retained for long periods, for not only is the opening by which
it could escape into the middle meatus of the nose situated high
above its floor, but this opening is itself liable to be narrowed
or closed by inflammatory swelling of the mucous membranc.
The causes of antral empyema are various and often obscure. It
may be due, in rare cases, to direct injury exposing the cavity
of the sinus. A commoner cause is the spread of inflammation
from the socket of a carious upper tooth, especially the first
molar. But in the majority of cases the condition seems to arise
by extension of inflammation from the nasal cavity in one or
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other of the infective catarrhal processes to which its mucous
membrane is liable. The antrum shares this danger with the
other accessory sinuses of the nose, which may be simultaneously
affected. The process may start with an ordinary nasal catarrh,
or with one or other of the specific fevers, more particularly in-
fluenza, in which suppuration in the antrum and other sinuses
has been demonstrated post-mortem. In a certain number of
cases no cause for the affection can be found.

Dentigerous eysts.—Dentigerous cysts are cavities containing
serous fluid dependent upon impacted misplaced teeth—i.e. they
are associated with some impairment of the normal process
of dentition, resulting in the retention of the tooth or teeth within
the alveolar process of the maxilla. With scarcely an exeeption,
dentigerous cysts are formed in connection with the permanent
and not with the milk teeth, and oceur more frequently in cases
of retention of the canine tooth than of
any other. It by no means follows,
however, that cysts result in all cases of
retained permanent teeth.

Dentigerous cysts are formed by a
distension of the tooth-sac with fluid

secreted by the epithelium of the enamel
Fig. 91.—Portion of a  groan,  Consequently, the erown of the
Dentigerous Cyst with a F , . .
noth attachod; tooth itself projects into the cavity of the
eyst, just as it formerly did into its own
tooth-sac, and its fang is fixed into the sac-wall. As the eyst
enlarges, it expands the jawbone, and forms a rounded, elastic
swelling, the thin bony covering of which often erackles beneath
the pressure of the finger. In cases of undue retention of the
permanent teeth, the milk teeth are very late in being cast, and
an examination of the mouth will therefore show either that a
milk tooth is retained in that part of the jaw where the swelling
is situated, or else, if the latter has been already shed, that a
permanent tooth is missing. Although the retained tooth is at
first adherent to the sac-wall, it becomes detached after a time,
and may be found loose in the eavity. Dentigerous cysts
appear to be most common in young adults, but have been met
with in middle age.

Diffused osseous growths,—The bony tumours which are
found in the antrum are peculiar in this respect, that instead of
growing from some one definite portion of the antral wall, they
are diffused over the whole area of the latter. There is thus no
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definite tumour, but rather a general thickening of the whole of
the bone which encloses the antrum, and a consequent gradual
obliteration of the antral cavity by the new bone thus formed.
But, although the increase of bone is mainly confined to the
neighbourhood of the antrum, it extends after a time to the other
portions of the superior maxilla, and may thus form a very
considerable tumour. The growth of these osteomata is slow,
and may extend over many years; their clinical course is entirely
innocent ; they are of rare occurrence, and are usually found in
voung people.

Leontiasis ossea is a disease characterised by a general over-
growth of the facial and eranial bones, with the formation of
huge, rocky masses of shapeless bone. The disease appears to
commence in early life and its progress is slow, although, in the
course of time, the cavities of the mouth, pharynx, or orbit may
be encroached upon, and death may result from extension of
growth into the eranial cavity. The cause of the disease is quite
unknown.

Cartilaginous tumours of the maxilla are extremely rare; as
in many other bones, the growth of cartilage is usually associated
with that of sarcomatous elements.

Odontomata, or tumours of the teeth, may be composed either
of true bone or enamel. The latter never cause any symptoms,
and are of little practical interest, but the exostoses of the fangs,
as well as the tumours which cause the so-called ** warty teeth,”
may be the eause of much trouble and pain, and may form very
considerable growths in the jawbones. These warty teeth are
subdivided into two varieties—the eircumseribed and the diffuse
dentinal odontomata. In the former, a portion of a single tooth
is alone occupied by a small outgrowth, In the latter, the whole
tooth is misshapen and faultily developed, its place being taken
by an irregular mass of dentine, enamel, and bone, while some-
times two teeth are fused. Tumours of this nature are very rare.
The largest specimen hitherto described was as big as a turkey’s
ege, and another as large as a chestnut is on record. They grow
within and expand the jawbone, and have hitherto been met with
in the inferior maxilla only.




CHAPTER XXXIX
DISEASES OF THE SPINE

Spinal Caries—Angular Curvature—Pott's Disease

Canries of the spine, or Pott’s disease, is a tuberculous osteitis
affecting the bodies of the vertebrae.

It occurs especially in children, but is not limited to any
age, and is frequently attributed to some injury. Any part of
the spine may be affected, but the dorso-lumbar region is more
often involved than any other.

The disease commences in most cases as ** diffuse tubereulous
infiltration ** of the cancellous tissue of the anterior part of the
vertebral bodies immediately beneath the compact bone to which
the intervertebral dises are attached.

Sometimes the destructive process commences in a single
vertebra, and extends from this as from a centre to the neigh-
bouring vertebra. In other specimens it 1s evident that the
caries has been originally diffuse, and has implicated many
parts of the spine at one and the same time.

The changes that occur in tuberculous osteitis have already
been deseribed in detail.  In the spine the process commences as
a very insidious form of inflammation, accompanied by a growth
of tuberele and lowly organised granulation-tissue in the cancel-
lous spaces.  This is followed by rarefaction and absorption of
the cancellous bone, and by caseation or ealcareous degeneration
of the inflammatory products. By a continuance of this process,
the body of the diseased vertebra is gradually destroyed, and the
granulations extend into and destroy the intervertebral dises,
and then involve the neighbouring vertebra. It is to this gradual
destruction of the bone that one of the most notable symptoms
of spinal caries is due, namely, angular curvature. The weight
of the head, shoulders, and trunk is transmitted to the lower
extremities through the vertebral bodies, and it is evident that,
if these soften and erumble away, the yielding and pulpy bones
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will be erushed together by the superimposed weight, so that as
fast as the bone is absorbed by the granulation-tissue just so fast
are the diseased bodies and dises compressed. But the spinous,
transverse, and articular processes are not destroyed; and if the
anterior part of the spinal eolumn, which is formed by the bodies,
is shortened, whilst the posterior part, formed by the processes,
is intact, it 1s evident that, as the bodies are compressed the
spinous proecesses must project backwards. In this way the
angular curve is produced, the apex of the angle being formed by
the spine of that vertebra which is nearest the centre of the
destructive process.

The further course of a case of Pott’s discase depends much on
the ecircumstances in which the patient is placed. When he is
kept at rest and under good hygienic conditions the caries may
stop, the inflammatory exudation may cease, the cascation of the
granulation-tissue may give way to organisation and formation
of fibrous tissue, and the diseased vertebrse may be fixed to one
another by fibrous adhesions or bony anchylosis, any angular
curve which has been produced being thus rendered permanent.
This reparative process is not limited to the vertebral bodies,
but is aided by changes in the intervertebral articulations,
which result in fixation of these joints by adhesions and in the
formation in some cases of bony plates uniting the transverse
processes,

In a large majority of cases no such favourable termination as
that above deseribed takes place, and the constant rubbing of
the diseased bones assists the progression and extension of the
destructive process, :

In such patients the granulation-tissue breaks down into ill-
formed easeous pus, which escapes through apertures at the front
or sides of the carious vertebra, and in many cases strips the
anterior common ligament from its attachment for a considerable
extent. Very frequently the ligament effectually resists the
pressure of the pus, and causes it to make its way laterally to the
soft tissues at the sides of the diseased vertebra. From this
situation it may either track backwards with the posterior
branches of the intercostal or lumbar arteries and nerves, thus
forming a dorsal or lumbar abscess, or may pass forwards
into the tissues on the front and sides of the spine.

If such an abscess form in the eervieal region, it may point
behind the pharynx, may pass laterally between the muscles of
the neck, may track downwards and enter the axilla with the
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axillary wvessels and nerves, or in rare cases extend into the
mediastina,

When the lower dorsal vertebrae are involved, the pus often
tracks downwards, passes beneath the ligamentum arcuatum
internum, and thus enters the sheath of the psoas musele; or, in
cases where the lumbar vertebra are themselves diseased, the pus,
escaping at the lateral margins of the bodies, is discharged
directly into the fibres of the
psoas which are attached to this
part of the spine. In either case,
the pus collects slowly in, and
gradually tracks along the muscle
until it passes with it from the
abdomen to the inner side of the
thigh.

When the pus misses the
sheath of the psoas, it either
enters that of the iliacus muscle,
and points above Poupart’s liga-
ment, or else it passes down into
the pelvis. From the pelvis it
may escape by passing through
the sacro-sciatic notch and point-
ing as a gluteal abscess, by track-
ing along the rectum into the
ischiorectal fossm, or by bursting

Fio. 92— Vertical section through into one of the hollow viscera.

f Spine: shoving Tubsmwulow Coies. - Wherever the abscesses are situ-
destroyed, with the greater part of ated, t]]ﬁ}-‘ are always at first
of it, and there 1 an accumulation of ChToNic, and extend very slowly.
CASBOUE mﬂ:l{‘l"lﬂ.lbl‘!l‘ll‘;zl‘lll the anterior In some rare cases, Wh{!l'ﬁ treat-
:;'::::1:'15;;ﬁnﬂ;'{h,,r]i':,.._:f?’"" P ment is rigidly carried out, the
fluid portions of such pus may

be absorbed, and the more solid parts may remain as a
gritty or cheesy mass for many years. More commonly, after
reaching a cutancous surface, the abseess bursts, and becoming
contaminated by infection with pyogenic bacteria, a more acute
inflammation of the abscess-sac ensues, pus is secreted more
rapidly and in larger quantities, and suppurative or hectic fever,
amyloid disease, or general tuberculosis, bring about a fatal
termination. In the larger number of discharging abscesses,
small erumbs of dead bone may be found, and in many cases
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sequestra of considerable size are formed, which, being unable to
escape from the seat of their formation, keep up a constant
discharge of pus and prevent sinuses from healing,

The spinal eord in most cases of angular curvature escapes
compression for the reason that, the interarticular joints being
intact, the curvature does not cause much narrowing of the spinal

Fig. 93.—Median vertical section of the Spine, showing the destructive
effects of tuberculous earies, and the way in which angular curvature
leads to pressure on the spinal cord.

canal. This, however, is not always the case, and in many
specimens the calibre of the canal is distinetly diminished by a
backward displacement of the softened bone at the seat of the
greatest curvature. Such a narrowing, fortunately, does not
necessarily imply interference with the function of the spinal
cord, and it is eertain that the latter can indeed be considerably
compressed without any symptoms arising, provided that the
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flattening is gradual, and not the result of sudden displacement.
In some cases, nevertheless, paraplegia does occur, and appears
to be eaused by an extension of inflammation to the meninges,
with resulting pachymeningitis, or by the exudation of inflam-
matory products into the spinal canal. In the large majority of
cases, moreover, the paraplegia is transient, and although in
some it is rendered permanent by reason of structural changes
in the cord itself, yet in most instances a good prognosis may be

Fia. M.—Section of a Spine, showing an acute angular curvature, the
result of past tuberculous caries. No active lesion 18 now present, but
the spinal canal iz narrowed and the cord somewhat flattened.

given if the patient is otherwise not too ill, and is placed under
appropriate treatment. It should be added that, in cases of
disease of the cervical spine, the danger of pressure on the spinal
cord by displacement of the diseased vertebre is much greater
than in dorsal and lumbar caries, where the parts are steadied
by the ribs, by the large trunk-muscles, and by the greater size
of the opposed vertebral bodies.

il s
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Lateral Curvature

Lateral curvature of the spine is commonly the result of
muscular weakness and overwork in growing girls and boys about
the age of puberty, at a time when great demands are made on
the strength. Tt is also caused by anything which renders one
leg shorter than the other—e. g. old hip disease—the spine being
obliged to eurve in order to allow the foot to reach the ground.
Some of the very worst cases result from an altogether different
cause, namely, the falling in of the ribs which often follows an
empyema.

So soon as the muscles lose tone and cease to support the
spinal column, the ligaments yield and allow the curvature to
commence. The direction of the curve is to a great extent
determined by the habits or occupation of the patient, but the
most common primary deviation is seen in the upper dorsal
region with the convexity to the right,

As soon, however, as the upper part of the spine curves to the
right, the lumbar region develops a compensatory curve to the
left, this being necessary in order to allow the patient to main-
tain the upright posture. At the same time that the lateral
curvature oceurs, the vertebrae also rotate, the rotation always
being in one direction. The bodies are turned towards the
convexity of the curve and the spines towards the coneavity,
so that the transverse processes towards the convexity are thus
thrust backwards and made to project. The ribs necessarily
follow the rotatory movements of the spine, and the shape of the
thorax is altered in proportion to their displacement; the
shoulder is thrust up, and the hip on the same side raised. In
cases of long standing, the bodies of the vertebre and the inter-
vertebral dises become in time compressed on the side of the
coneavity.

23



CHAPTER XL
DISEASES OF JOINTS

Simple or Serous Synovitis

A stMPLE synovitis is an inflammation of the synovial membrane
which is not dependent upon any constitutional disease or upon
the introduction of septic material from a wound or neighbouring
inflammation. This is one of the commonest troubles to which
joints are liable, and affects particularly those articulations
which are the most freely movable and the most exposed. The
usual cause of simple synovitis is injury.

Acute synovitis.— The changes in the svnovial membrane do
not differ from those met with in inflammations of other soft
tissues. At first there is intense hyperamia, followed shortly by
swelling, and exudation of fluid both into the membrane itself
and into the articular cavity. The swelling is greatest in the
situation of the normal folds; e. g. in the ligamenta mucosa and
alaria of the knee, which, by their increase in bulk, overlap the
cartilages, and contrast strongly with the pearly-white eolour of
the latter.

Microscopically examined, there is seen to be much cell exuda-
tion into the perivascular spaces, with swelling and softening of
the connective-tissue by the exceess of fluid in which it is soaked.
The dilated capillaries oceasionally give way, and thus cause
minute extravasations of blood. The leucoeytes escape into the
substance of the membrane itself, and also penetrate between its
endothelial eells and reach the articular cavity. The endothelial
cells appear to multiply with unusual rapidity, and are liable to
be cast off into the joint in considerable numbers.

Changes in the synovial fluid.—In the early stages of an acute
synovitis, the synovial fluid is simply inereased in quantity, but,
as the inflammation progresses, the normal secretion is mingled
with serum 1n varying proportions, and afterwards with the
fibrin-forming elements of the blood, and with red and white
corpuscles, At first the fluid is clear, but later on it becomes
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cloudy, opalescent, or blood-stained. In cases where the original
injury has been severe, there are often considerable extravasa-
tions of blood into the articular cavity. In most eases the blood
does not elot for some time, probably on account of its admixture
with the serum and synovia, as well as because of the smooth
endothelial lining with which it is in contact.

If a simple acute synovitis undergoes resolution, the exuda-
tion of cells ceases, the vascularity subsides, the exuded fluid is
absorbed, and the membrane and its seeretion again present a
natural appearance. When there is much extravasated blood,
resolution is generally greatly prolonged.

Subacute and chronic synovitis.—If a joint which is the seat
of an acute synovitis due to injury be not kept at rest for a
sufficient length of time, the inflammatory process is liable to
pass into a subacute or chronic stage, and the absorption of fluid
from the articular cavity ceases. In other cases the inflamma-
tion, from the beginning, is of but slight intensity.

In this form of synovitis there is little hyperamia, but often a
good deal of swelling, and where the inflammation is of long
standing the membrane itself is liable to be much thickened by
the formation of fibrous tissue,

The fluid in the joint 1s generally greatly in exeess of what is
natural, and eonsists chiefly of serum. It is usually quite clear,
but may contain small shreds of fibrin or the melon-seed bodies
which are more commonly seen in bursee. The long-continued
distension of the joint is liable to result in the stretching and
weakening of its capsule and ligaments. The terms *° hydrar-
throsis > and ** hydrops articuli ”* have been applied to the more
chronie forms of synovitis with effusion.

Septic Arthritis

There are many causes of septie arthritis, and the inflamma-
tion varies in its intensity and in the joints affected according to
the micro-organisms causing the septic process and to the seat
of the original infection.

It must be kept constantly in mind that any septic inflamma-
tion of any part of the body is liable to cause infection of the
joints, and especially when several joints are simultancously
attacked by inflammation search must be made for some septic
focus. Thus, a septie tonsillitis causing abscess of the lymphatie
glands may set up a multiple arthritis which may last for months
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after the throat is well; and the septie condition of the gums,
called ** pyorrheea alveolaris,” has been known to cause similar
trouble.

Uleeration of the large intestine due to dysentery may cause
multiple arthritis, followed by fibrous anchylosis, and uleeration
of the rectum, the result of syphilis, has also been known to cause
arthritis.

The cause of acute rheumatism is not yet certainly deter-
mined. It is held by some to be due to infection by a strepto-
coceus which has undoubtedly been found in many cases in the
affected joints, and especially in the cardiac lesions of rheu-
matism. Others have failed to confirm this finding, which is
certainly not a constant one, and it may be that the streptococeal
invasion is a secondary complication. Many so-called ** rheu-
matic 7’ joints are, however, certainly the result of microbie
infection,

The chief forms of septic arthritis must be dealt with
separately, but sepsis as a general cause of arthritis must con-
stantly be kept in view.

Acute Suppurative Arthritis

Acute suppurative arthritis is a general infective inflamma-
tion of all the structures which enter into the formation of a
joint. It may be produced in one of the following ways :—

1. By a wound which opens the articular cavity.

2. By extension of inflammation from the articular bone,
especially by tracking of pus in cases of acute periostitis, or by
the rupture of an abscess in the bone.

3. By extension of suppuration from the soft tissues. This is
rare in cases of simple suppuration, but may result from slough-
ing of the tissues over a joint after an injury, from phlegmonous
erysipelas, or from extension of suppuration from a bursa which
communicates with the articulation—e. g. the bursa beneath the
psoas.

4. As a complication of wvarious forms of blood-poisoning,
especially py@emia and puerperal fever, and more rarely typhoid
fever, scarlatina, gonorrhaea, ete.

The synovial membrane is the first of the articular strue-
tures which shows signs of inflammation. It becomes at first
bright red and swollen, and in a very short time it loses its
polished appearance, and is covered with shreds of adherent
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fibrin. 1If the latter are peeled off, the synovial surface is
found to be rough and velvety, like granulation-tissue. The
synovial fluid is inereased in quantity, soon becomes blood-
stained and opalescent, and very shortly is mingled with pus
which has been exuded from the inflamed synovial surface.

Within a day or two the inflammatory process extends from
the synovial membrane to the cartilages, and the latter lose
their pearly-white colour and ulcerate in patches, or necrose
and are cast off in shreds,

The ligaments share in the general suppuration; their dense
structure is split up by infiltration of serum and pus, and they
become ragged and shreddy, yield, and allow displacement of
the articular surfaces. The bones are not spared. The car-
tilages being destroyed, osteitis ensues, and the usually smooth
layer of articular bone becomes rough and carious. The peri-
articular tissues share in the general suppuration, and abscesses
form around the joint. In many cases the suppuration in the
tissues is the result of the yielding of the softened and distended
capsule, which thus allows the sudden escape of its contents.
This is a fact of much elinical importance, for, when the pus
escapes from the joint, the swelling and pain in the latter often
partially subside, and, unless the surgeon be on the watch for
it, he may overlook the pus outside the articulation. In cases
of acute suppuration of the knee, collections of pus may extend
amongst the museles of the thigh almost as high as the hip-joint.

The mieroscopical appearances in suppurative arthritis do
not differ from those ordinarily met with in acute inflamma-
tions of bone and soft tissues in other parts of the body, and
require no special deseription.

Acute suppurative arthritis is accompanied by much red-
ness and swelling of the inflamed joint, by great pain, and
severe constitutional disturbance. 1f not properly treated, it
may terminate fatally, and in many cases, even when by free
incisions the pus has been satisfactorily evacuated, amputation
has subsequently to be resorted to on account of the exhaustion
which follows the discharge of large quantities of pus and the
accompanying suppurative fever.

If recovery ensues, the joint is usually left in a state of bony
anchylosis, and, this being the case, it is evidently of the utmost
importance to see that the limb is kept in as good a position as
possible. In such cases, after the pus has been evacuated and
the acuteness of the inflammation subsided, the suppuration
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eradually ceases. The cells which have been exuded into
the substance of the synovial membrane, cartilage, bone, ete.,
are gradually developed into fibrous tissue, in which, where 1t
is in contact with osseous tissue, bone salts are subsequently
deposited. The hypersemia subsides; the fibrous tissue which
is not ossified shrinks; the cavity of the joint is obliterated ;
and the articulation, as such, ceases to exist.

In favourable cases, and especially in children, when the pus
has been early evacuated, a more or less movable articulation
may remain, though, at best, such a joint is permanently weak.

Acute Arthritis of Infants- Acute Epiphysitis

These names are applied to cases of acute suppurative
arthritis oceurring in infants and children, and resulting from
inflammation of the articular bone.

The patients who are subjects of this form of disease are
seldom more than a year or eighteen months old, The joints
most commonly affected are the hip, knee, shoulder, ankle and
elbow,

The eclinical course is rapid, and does not differ materially
from that of acute suppurative arthritis due to injury. In
some cases there is a history of a blow or other injury ; in others,
none can be obtained.

The disease is generally caused by staphylocoeei and appears
to commence as an acute inflammation of the most recently-
formed bone around the centres of ossification; this commonly
results in neerosis and the formation of a minute sequestrum.
Around this, pus is formed, and subsequently makes its way into
the neighbouring articular cavity, the aperture by which the
pus escapes into the joint from the epiphysis being often so
minute that the real cause of the arthritis is liable to be over-
looked, unless a section is made of the articular bone, This
escape of the pus is followed by acute arthritis and the formation
of peri-articular abscesses.

Many cases terminate fatally, but, if an early exit be given
to the pus, the patient frequently recovers. In some instaneces,
the joint, 1n spite of the acuteness of the inflammation, suffers
comparatively little permanent injury. In others, which are
unfortunately the more common, the growth of the bone is
seriously affected, and the articular extremity is permanently
deformed. In such cases the joint is liable to be extremely
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loose and flail-like, and, in the ease of the lower extremity, is
unable to support adequately the weight of the body.

Acute epiphysitis is not, however, limited to infants, for
cases of a precisely similar nature are not infrequently met with
in older children and in young adults, and run a very similar
course. The extent of the necrosis in these cases is neverthe-
less liable to be much greater
than in infants, and sequestra
of considerable size may be
formed. The tendeney of the
pus to extend into the neigh-
bouring joint and to cause
acute arthritis is unfortunately
as great in these cases as n
the younger patients, and the
prospects of recovery with a
movable articulation are by
no means so g{]{}l.l..

Pysemic Arthritis

In most cases of acute
py@mia one or more joints
become inflamed. In many
cases the inflammation is
limited to the synovial mem-
brane, and the joint is quickly
filled with a mixture of
synovia, serum, and thin,
yellow, oily pus. At a post-
mortem E!{ﬂﬂliﬂﬂtiﬂn, the Fic. 95.—Section of the Upper Part of
joint, after having been a Tibia, showing a sequestrum of eancel-
washed out, often presents no r;::l-;hiu.:::t;h Necrosis resulted from acute
signs of inflammation, save a
slight swelling of the synovial membrane, and no signs of
ulceration of cartilages or bones can be seen.  In cases such as
these the effusion may be absorbed, and the joint may then either
return to its natural condition or may be partially anchylosed by
the formation of fibrous adhesions. Such joints may become
quite stiff after pymmia without the oceurrence of any external
suppuration. This is not, however, always the case, for some-
times the pus is produced in greater quantities, the inflammation
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spreads to the cartilages, bones, and ligaments, and a general
suppurative arthritis ensues.

Puerperal Arthritis, and Arthritis following
the Exanthemata

A common complication of the puerperal condition is inflam-
mation of one of the large articulations, and especially of the
knee. In such cases there may be merely a simple transient
synovitis, but in many others there is a more severe inflam-
mation, and a tendency to fibrous anchylosis. In others, again,
the inflammation progresses to suppuration, and is often
associated with neerosis of some of the articular bone, e. g. of
the lower end of the femur. The course run by these latter
cases has already been described under the head of ** Acute
Suppurative Arthritis.”

Of all the exanthemata, searlatina is more frequently fol-
lowed by inflammation of the joints than is any other. In
cases otherwise uncomplicated there is frequently a sub-acute
synovitis of several articulations, resembling closely in its
clinical characters the synovitis of acute rheumatism, and
running a similar course. In those cases of scarlatina, how-
ever, which are complicated by parotid buboes, sloughing of
the tonsils, ete., there may be a genuine pyzmic arthritis, which
runs the course typical of such a disease. Mumps, dysentery,
and measles may be followed by similar inflammation of the
joints. Typhoid fever and, more rarely, smallpox may also be
followed by disease of the articulations.

In many cases, and especially after typhoid, one joint alone
is attacked, and of all joints the hip is that most frequently
implicated. The character of the inflammation differs in
different cases. In some there is a simple synovitis; in others,
a more general arthritis, terminating in anchylosis more or less
complete; in others, again, there is acute suppurative arthritis.
The hip-joint is liable to be affected in a somewhat peculiar
manner, for in many of these cases there is a very rapid effusion
into the synovial cavity, accompanied by softening and stretch-
ing of the ligaments, and followed by spontaneous disloeation
of the femur on to the dorsum ilii. All this may oceur without
the formation of any pus.

It is probable that in all these joint complications of the
exanthemata the condition is due to a secondary and accidental
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invasion by one or another of the pyogenic cocei, having no
necessary relation with the microbe which causes the primary
disease.

Urethral Arthritis (Gonorrhceal Rheumatism)

The term ** urethral arthritis ”* is applied to cases of inflam-
mation of joints following urethritis, and is preferable to the
older one of ** gonorrhceal rheumatism,” for it may complicate
cases which are not of venereal origin, and although more
common in males, is seen in some cases of simple leucorrheea in
women. Certain individuals seem especially predisposed to
this form of arthritis, which appears to attack by preference
those who are of a gouty or rheumatic diathesis. The real
nature of the affection is probably complex, but in all cascs
there is a metastatic joint infection which has its primary
origin in the urethra. From the inflamed mucous membrane
more than one species of micro-organism may gain access to
the blood-stream. In the classical form of gonorrheeal rheu-
matism, the gonococcus itself is the infecting agent, as has
been repeatedly proved by the cultivation of that organism
from the joint, More rarely the joint affection is truly pymmie,
and due to one or another of the pyogenie cocei. In yet other
cases it may be a streptococeus of relatively low virulenee,
which sets up a simple arthritis of more transient nature.
There is little evidence for the view advocated by some, that
the discase is of neurotic origin, excited reflexly from the
urethra.

In urethral arthritis one large joint—and that most com-
monly the knee—is usually affected, but no joint 1s altogether
exempt. The disease appears to be essentially an inflammation
of the synovial membrane and ligamentous structures, and is
very liable to be extremely chronie, to recur occasionally,
and to terminate in fibrous anchylosis. Nevertheless most
cases recover completely. More rarely, suppurative arthritis
supervenes, and runs a course such as has been already
deseribed. The fasci@ in the sole of the foot may also become
inflamed, and may, by their yielding, lead to the production
of flat foot.

Pneumococcal Arthritis

Joint infection by the pneumococeus is a less well-known
affection, and the clinical picture of it is as yet incomplete.  In
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most cases the arthritis is very acute, and is accompanied by
severe constitutional symptoms and high fever. It causes
great pain and swelling and may affect several joints. It has
been observed chiefly in children and young adults, and may
terminate either in suppuration or in fibrous anchylosis. Most
joints affected by the pneumococcus are left more or less
damaged, and complete recovery of movement is eertainly rare.

Hypertrophic Pulmonary Osteo-Arthropathy

This name has been given by Marie to a peculiar form of
multiple arthritis met with in certain chronie pulmonary
affections, notably in empyema, phthisis and bronchiectasis.

It is characterised by @great enlargement of the hands,
wrists, feet and ankles. The nature of the enlargement of the
hands is peculiar to the disease, for while the carpal and meta-
arpal regions are but little widened and lengthened, the fingers
are much inereased both in length and thickness, and the nails
arc thick and curved. The wrist-joint is swollen, and the
carpal extremities of the radius and ulna are increased in size.
The changes in the feet are similar. There is often effusion in
the knee joints, and in most of the patients there has been a
posterior spinal curvature in the dorso-lumbar region. Fx-
amined after death, the cartilages are found eroded and the
synovial fluid inereased. Periosteal new bone is also developed
in the affected phalanges.

Apart from the chronie and slowly established conditions
which characterise this disease, septic arthritis without hyper-
trophy may complicate any septic condition of the lungs.

Gout

Gout is a constitutional disease, characterised by inflam-
mation of the joints, with deposit of urate of soda in the articular
structures. The general pathology of gout is beyond the scope
of the present work, and the changes in the articulations cannot
be deseribed at length.

The patients most subject to gout are those of the uric acid
diathesis, and are commonly past middle age. The joint most
often affected is the first metatarso-phalangeal, probably for
the reason that it is damaged more frequently than any other
by pressure of ill-fitting boots, ete. No joint is exempt from
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attack. Gout is commonly said to be a disease of the rich, and
not of the poor, but this is certainly incorrect, and in a very
considerable proportion of post-mortem examinations of hos-
pital patients over fifty years of age urate of soda may be found
in one or more articulations.

The affected joints are liable to attacks of acute inflam-
mation, but in many cases a joint appears to become the seat
of gouty deposit without any history of an acute arthritis.

The morbid changes are chiefly as follows: In any acute
attack the synovial membrane presents the appearance common
to all ecases of simple synovitis, the synovial fluid is similarly
changed in amount and character, and in addition, contains
urate of soda,

The cartilages are inflamed, their matrix fibrillates, and
their cells multiply. In the fibrillated cartilage, and on its
surface, a white deposit of urate of soda ensues, and in subse-
quent attacks the cartilages become more and more fibrillated
and worn away, and the urate of soda inereases in quantity.

When the bones are exposed, they in their turn become the
seat of gouty deposit, and not only they, but the ligaments, the
synovial membrane, peri-articular connective-tissues, and bursm
are similarly affected.

It is commonly stated that the urate of soda is simply
deposited on cartilages which are otherwise normal, but this is
not the ease, and wherever there is urate of soda there the
cartilage is generally fibrillated and eroded. In very many
instances, joints which are the seat of gouty arthritis present
many of the changes which characterise osteo-arthritis. When
the deposit of urate of soda is considerable, it may be deposited
in or extend into the neighbouring tendon-sheaths, and, still
inereasing, may cause uleeration of the superjacent skin. In
such cases, the protruding mass is called a ** chalk stone ™ or
““ tophus ”’; these are more common in the fingers and ears
than clsewhere.

Rheumatism

The subject of acute rheumatism is one of medieal rather
than of surgical import, and the changes in the joints alone will
be, considered here,

In many cases there is nothing more to be seen on examina-
tion than in simple serous synovitis, but in acute rheumatism
there is a definite tendeney for the inflammation to extend to
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the sub-synovial and peri-articular tissues, and for the synovial
secretion to be more fibrinous, and consequently more shreddy,
than in simple synovitis. In severe cases the cartilages acquire
a bluish or opalescent tint, and may be distinetly swollen; in
such instances, microscopical examination shows cell-prolifera-
tion and exudation, and in a few cases the surface becomes
fibrillated or eroded. The ligaments appear to be comparatively
frequently implicated, but the inflammation rarely extends to
the bones.

The ordinary duration of the synovitis in a simple case in
any individual joint varies from about three days to a fort-
night, but in more severe cases, where the deeper structures are
implicated, the inflammation often drifts into a subacute or
chronie stage. As a rule, most patients recover without any
permanent joint lesion, but it will easily be understood that,
where the ligaments and peri-articular structures have been
involved in a plastic inflammation, permanent stiffness or
complete fibrous anchylosis may result. This does not often
occur in more than one joint. In rare instances even suppuration
may ensue.

The term chronie rheumatism has been very vaguely applied.
It is better not to use it as svnonyvmous with osteo-arthritis,
but to limit it to eases in which, after one or more attacks of
acute rheumatism, a chronic synovitis, with thickening of the
ligaments and peri-articular structures by fibrous adhesions,
supervenes, It may affect one or more joints, and frequently
terminates in fibrous anchylosis.



CHAPTER XLI
DISEASES OF JOINTS

(eonlinued)

Osteo-Arthritis

OSTEO-ARTHRITIS is a form of chronie joint discase charae-
terised by peculiar degenerative changes in the articular strue-
tures, which do not tend to terminate in either anchylosis or
suppuration. Other common names for the same disease are
* rheumatic gout,” ** rheumatoid arthritis,” *° chronie rheumatic
arthritis,” °* arthritis deformans,” and there are many more,
but there is reason for believing that several distinet, though
allied, diseases are here grouped together.

The morbid anatomy of osteo-arthritis is very striking, and
in well-marked instances the pathological changes cannot be
mistaken for those of any other disease.

The disease may begin either in the synovial membrane or
in the cartilage, and, judging by experience derived from an
examination of many joints in the post-mortem room, it may be
asserted that changes in the eartilage almost always precede
those in the synovial membrane.

Changes in the cartilage.—The first thing that is noticed is a
slight roughening of the normally smooth ecartilage, which,
when subjected to a gentle stream of water, is seen to be broken
up into delicate fibrils, arranged with their long axes at right
angles to the articular surface, and resembling the pile of coarse
velvet. This change is always most noticeable at those parts
which are subject to the greatest pressure or friction, whilst at
the margins the ecartilage hypertrophies, and forms irregular
nodular outgrowths, or ** ecchondroses.”” These outgrowths, at
first cartilaginous, soon become bony in their deeper parts; the
ossification extends through their whole thickness, and the
“nodular osteophyte ” thus produced is fixed more or less
firmly to the subjacent bone, the articular borders of which
are thus rendered prominent or “lipped.” Sometimes these
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nodular masses are broken off, and form loose bodies in the
joint, or in the substance of the synovial membrane itself.

As the disease progresses, the fibrillated and degenerate
cartilage, no longer able to resist the attrition to which it is
subjected by the movements of the articulation, is slowly worn
away in patches, and the subjacent bone is exposed.

A microscopic examination of the cartilage in this stage
throws much light on the progress of the disease. The normal
hyaline matrix is broken up into fibres, in the midst of which
the cartilage cells are found to be arranged in vertical columns
whose long axes are at right angles to the articular surface.
The eells proliferate and distend their capsules until they burst,
with the result that the cells nearest the surface are cast loose
into the synovial cavity. In
this way the surface of the
cartilage is broken up, and the
fibrillated matrix between the
rows of cells remains to form
the longitudinal strize and tufts
which give the velvety appear-
ance already deseribed.

At the margins, where the
ecchondroses are formed, the
same proliferation of cells and

iz, 96.—A Patella from a case of
osteo-arthritis, =een from its  hinder =, 7 :
surface. It shows fibrillation of the fibrillation of the matrix ensue,

cartilage, with commencing ecchondroses

b i i and it has been suggested by

Cornil and Ranvier that the
heaping up of new eartilage in this situation is to be explained
bv the fact that the edge of the eartilage is covered by a prolonga-
tion of the synovial membrane; the cells, consequently, instead
of escaping into the synovial eavity, are retained in the sub-
synovial tissue, and by their constant multiplication produce
the cartilaginous outgrowths. In some cases these ecchondroses
protrude the synovial membrane in front of them, and at
length project through it, so as to become intra-articular. In
other instances they grow laterally, and do not encroach upon
the joint.

The synovial membrane in the early stages of the disease
shows little change, but after a time becomes inereased in
vascularity, as well as thicker and tougher. In the later stages
its fringes inecrease in size, their villous tufts hypertrophy and
subdivide, and gradually the whole membrane assumes a
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shaggy or villous appearance. These enlarged villi are chiefly
fibrous in structure, but often contain a little fat. In other
cases cartilage 1s developed in them, and more rarely they
become caleified or ossified.  As they increase in size they get
more pedunculated, and occasionally are completely detached,
thus forming one of the varieties of ** loose bodies in joints.”
The synovial fluid in the early stages of the disease is com-
monly inereased, frequently to a very great extent : it is usually

Fiz. 97.—The Patella and Articular Surface of the Tibia from a
case of osteo-arthritis. The edges of the articular surface are deformed
by ecchondroses, and the synovial membrane is covered with hyper-
trophied synovial fringes.

more cloudy and tenacious than is natural.  As the arthritis
advances, the seeretion is liable to diminish, and to become still
more thick and viseid.

The changes in the bones are very characteristic.  The carti-
lage being worn away, the articular bone is exposed, and, in
consequence of the friction to which it is subjeeted, becomes
smooth and polished. The subjacent cancellous tissue also
undergoes rarvefaction and atrophy, with the result that the
degenerate osseous tissue is quickly worn away in the move-
ments of the diseased joint. The surface bone, by reason of
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the attrition, becomes smooth and polished, ivory-like or
eburnated, and is usually not worn evenly, but in grooves.
These are to be attributed to the rubbing of the opposed bone-
lamellse, which are arranged at right angles to the articular
surface, and tend to serape the opposing bone as might the
tecth of a comb. As a rule the cancellous bone is not exposed
by the atrophic process, for as the surface layer of smooth bone
is worn away the subjacent layer becomes condensed. This,
however, is not always the case, and sometimes the enlarged
Haversian ecanals may be seen opening on to the articular
surface, and giving the bone a * worm-eaten’ appearance.
In some cases there is also*a formation of very dense and

Fia. 98.—Femur and Patella from a case of ostec-arthritis. Both
bones are much deformed, and marked by deep grooves.

poreelain-like bone, which is met with in no other form of
joint disease. It is developed where there has been much
friction, and, on account of its white appearance, is called
* porcellanous.™ :

But whilst these changes are in progress where the bone is
exposed to friction, other changes ensue at the articular margins.
Here, as has already been deseribed, the nodular osteophytes
are developed from the cartilaginous outgrowths, and by a
continuation of the wearing away of articular bone and the
production of these bony * lips,” the shape of the articulating
surfaces becomes profoundly changed. Thus in the hip the
head of the femur is worn away and flattened, whilst from the
margins of the articular eartilage nodular growths arise. In
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course of time the whole head may be absorbed, and the articular
surface may be formed by the polished stump of the neck. In
the acetabulum the floor is polished and smooth, and the margins
worn away and overgrown by new bone, so that the shape and
even the position of the eavity are quite altered.

Osteophytes are also, but more rarely, developed at the
points of insertion of muscles, or in the capsule close to its
attachment to the bone.

The ligaments share in the general destruction, and, like the
other tissues, seem rather to
degenerate and wear away than
to be destroyed by any active
process. If examined when
fresh, their texture is seen to be
more loose than natural, and
their surface presents a ragged or
frayed appearance. On account
of their softened condition, they
tend to allow the articulating
surfaces to be displaced and
loosened.

In many ecases the tissues
outside the affected joints suffer.
Thus, the neighbouring muscles
waste, the subcutaneous tissues
become cedematous, and the
skin is often shiny and smooth.
Tendons also in the near neigh- = : |
bourhood fibrillate and wear . Y% U8—1he Upper tart of a
away, jllﬁt as do the intra- The cartilage of the head has been
articular ligaments. This change ;!::ﬂﬂ"“:‘;ﬂﬁ“‘twmf ':]';;'_'_:f::"” I?.:;:]Isl:
is best seen in the shoulder- osteophytes have developed on the
joint, where the part of the long s
tendon of the biceps which lies within the capsule is usually
found either thinned and flattened or else entirely absorbed.

The patients who are the subjects of osteo-arthritis are
usually over middle age, but the young are not always spared.
Sometimes only one large joint, and that by preference the hip
or the shoulder, is affected : in other cases several articulations
are attacked, and, when the knee is implicated, the disease is
commonly symmetrical. In the case of the hands, all the
finger-joints are liable to be diseased. However long osteo-
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arthritis lasts, it never causes true anchylosis, except when
the vertebre are involved. It frequently results in great and
serious impairment of the mobility of the joints, but this is
explained by the destruction of the cartilage, and by the
thickening of the synovial membrane. In other cases undue
mobility and laxity result from destruction of ligaments and
wearing down of the articular bone.

The form of the disease which mainly attacks the vertebral
column differs in important respeets from ordinary osteo-
arthritis, and is best termed spondylitis deformans. Its incidence
is mainly upon the male sex, whereas ordinary osteo-arthritis is
commoner in females. Tts inecidence, again, is mainly on the
spine, the joints of the limbs being affected in much lesser
degree, or even not at all. But above all it differs from ordinary
osteo-arthritis in the marked tendency to ossification of the
intervertebral ligaments. The anterior common ligament fre-
quently becomes a bony strap firmly uniting a number of
vertebrae, and the other ligaments—even the interspinous—
become similarly ossified. 1In the thorax the ribs may undergo
osseous union with the vertebre, and in some cases the hip-
joints become involved. The spine is usually fixed in a condi-
tion of kyphosis, the thorax tends to antero-posterior flattening,
and the breathing becomes abdominal. Pain and muscular
atrophy sometimes result from pressure on the nerves in the
intervertebral foramina. From the examination of mummied
remains Ruffer has found that this disease was of peculiar
frequency amongst the ancient Egyptians.

Osteo-arthritis is usually very chroniec and slow in its pro-
gress, but is occasionally of tolerably acute onset, and progresses
rapidly. When oceurring in early life, it is more liable to
attack many joints simultaneously than when it commences
in old age.

Osteo-arthritis appears to follow attacks of acute rheuma-
tism in a very small percentage of all cases, and certainly is
most common in patients of a rheumatie or gouty descent. In
many instances it is apparently to be attributed to frequent
exposure to cold and wet, as well as to insufficient nourishment.
In the case of the hip, it is certainly sometimes induced by an
injury, especially by a fall on the trochanter. This is a fact of
much clinical importance, and affords a ready explanation of
those eases where shortening and eversion of the thigh follow
within a few months of a fall on the hip. When the result
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of injury, osteo-arthritis appears often to progress with unusual
rapidity, and the deformity it causes may easily be mistaken for
that which results from an impacted intracapsular fracture.

The true pathology of osteo-arthritis is still obscure. In its
nature it seems to be more degenerative than inflammatory, but
whether it is the result of an inherited or acquired diathesis,
whether an expression of gout or rheumatism, or whether, as is
supposed by some, of bacterial or neurotic origin, is at present
a matter of doubt.

Charcot's Disease—Tabetic Arthropathy

Charcot’s disease, as it is met with in this country, is a form
of arthritis, allied to osteo-arthritis, which is developed in
connection with tabes dorsalis. It is met with in but a small
percentage of cases of tabes, and often commences when the
tabetie symptoms are but little marked, or even unnoticed by
the patient; very frequently it occurs before there is any evi-
dence of ataxic gait. As deseribed by Charcot, the disease is
usually of very sudden onset, the affected articulation becoming
distended with effusion within twenty-four or thirty-six hours,
without any apparent cause. This swelling of the joint is
often accompanied by swelling of the neighbouring soft tissues,
which do not, however, pit on pressure to any extent. In some
instances the effused fluid is absorbed, and the joint returns to
its natural condition; but in others—and these unfortunately
are the more common—the effusion is but the commencement of
a series of changes which rapidly terminate in the destruction
of the articulation. Within a few weeks or months from the
first attack the patient notices that the joint gets weaker and
gives way under him, and, in a very short time, undue mobility,
with the production of a ** flail joint,”” movable in all directions,
or else actual dislocation, ensues. One of the most noticeable
of the clinical features is the entire absence of pain throughout
the progress of the case.

If such a joint be examined, it will be found that the morbid
aAppearances are very similar to those met with in osteo-arthritis.
But just as Charcot’s disease differs in its elinical course from
osteo-arthritis in the rapidity of the destruction and the ex-
ceeding mobility, or even disloeation, of the articulation, so
in its anatomical aspeets it differs in the extent of the destructive
changes rather than in their character.
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The synovial membrane and its seeretion show the same
appearances which have been deseribed as oceurring in osteo-
arthritis, but the synovial fluid is almost always greatly inereased
in quantity.

The cartilages fibrillate and wear away, and from their
margins spring ecchondroses. The ligaments also fibrillate,
stretch, and waste.

The most characteristic changes are found in the bones.
These, in typical cases, are worn down to an extent never seen
in osteo-arthritis, and are moreover often simply worn down

Fig. 100.—Two views of the knee-joint from a case of Charcot’s Disease, showing
the wearing away of the bones and displacement of the articular surfaces. One
femoral condyle has been completely worn away.

without any new bone being produced, as is common in the latter
disease. In typical cases the whole of the 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. 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.

It is evident that bones which wear away in this manner
must be in a state of advanced degeneration, and to such an
extent are they sometimes degenerated that spontaneous
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fracture ensues, a complication which never oceurs in simple
osteo-arthritis.

From the above description it would appear that Charcot’s
disease is justly separable from osteo-arthritis, and that typical
specimens of the one can be easily recognised and differenti-
ated from those of the other. It would, however, be a grave
error to suppose that this is always so, for both clinically and
pathologically numerous connecting links may be found, and
there are many tabetic patients in whom the joint disease has
lasted for several vears, and whose articulations after death are
not to be distinguished from those of osteo-arthritis.

There has been much discussion as to the true nature of
Charcot’s disease, but although the question is yet far from
settled, the general opinion is that it is directly dependent
upon degeneration of cither the spinal cord or of the posterior
nerve-roots, for the latter have been shown to be primarily
affected in cases of tabes; indeed the primary lesion would
appear to be in the posterior nerve-roots rather than in the
cord. If this be true, the joint affection must be classed as a
neurosis, and thus becomes strictly eomparable with the per-
forating uleers of the foot, which are also common in patients
with sclerosis of the posterior columns of the cord. Some
surgeons, however, look upon Charcot’s disease as identical
with osteo-arthritis, and consider that any differences are
explained by the fact that the disease occurs in a patient
affected by tabes, whilst others consider that the disease of
the spinal cord and of the joints may each be the result of
SOIME COmMmMon cause.

Joint Disease in Syringomyelia

In the disease of the spinal cord called syringomyelia, which
is characterised by a diffuse gliomatous growth round the
central canal, there may be joint disease of a precisely similar
nature to that occurring in cases of tabes. In syringomyelia,
however, the shoulder, elbow and wrist are almost always
attacked rather than the joints of the lower extremity. Trophic
lesions of the hand, such as painless whitlows, uleers, and even
gangrene of the fingers, are frequent complications. There is
often loss of perception of heat and eold in the skin of the upper
extremity, and lateral or posterior curvature of the spine is
often seen in patients with syringomyelia. The term ** Morvan’s
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Disease ™ is sometimes applied to the trophie lesions of the hands
and upper extremities seen in syringomyelia.

Rheumatoid Arthritis

It is probable that the condition to which the term ** rheuma-
toid arthritis 7 is now commonly applied should be separated
from ordinary osteo-arthritis. Not only does it differ from
osteo-arthritis in its elinical features, but also in its morbid
anatomy. It is far commoner in females than in males, and it
occurs at any age, often in the young, but especially in young
adults. Many joints are commonly affected, and especially the
small joints of the extremities, which undergo a fusiform
enlargement. The articular ecartilages are almost unaffected
and there is a relative absence of osteophytie outgrowths. The
inflammation chiefly affects the peri-articular tissues and the
synovial membrane. There is some ground for the belief that
the disecase is of bacterial origin, but the observations on this
point are at present somewhat conflicting.



CHAPTER XLII
DISEASES OF JOINTS—(confinued)

Loose Bodies in Joints

Tue loose bodies found in joints vary both in structure and
origin. They may oeceur in articulations otherwise healthy, or
may complicate osteo-arthritis and chronie synovitis,

Loose bodies may be formed in the following ways :

First, as the result of an injury a portion of synovial mem-
brane sometimes becomes thickened and indurated. It is
probable that this condition
originates In a rent or tear of
the membrane, which is subse-
quently pinched and dragged
upon in the movements of the
joint, and is kept in a state of
chronic inflammation. Bodies of
this nature consist of fibrous
tissue, fat, and inflammatory
products. They are attached by
pedicles, which tend to become
longer and thinner the longer the
arowths exist.

Secondly, in osteo-arthritis,

Fig. 101.—A thickened portion of
as ﬁ]rl'ﬂflv dl'-“!('!'ihﬁfl, Thf\r H\-"l'”]"-"i:.]_] n{':-j'r]r11'i4|| Membrane, which formed a

5 : loose body in the knee-joint.
membrane i1s liable to become

covered more or less thickly with pedunculated growths spring-
ing from the normal fringes, and consisting of fibrous tissue
or cartilage. These bodies, although at first attached, may be
separated and east loose into the synovial eavity.

Thirdly, in osteo-arthritis the ecchondroses which spring
from the margins of the articular eartilage and consist of car-
tilage and bone, may become detached, and either remain in
the substance of the synovial membrane itself or else become
loose in its cavity.
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Fourthly, in some cases, portions of the articular cartilage
are found as loose bodies. It is supposed that they may become
separated either directly by the application of violence, or may

Fig. 102.—The Condyles of a Femur from a case of osteo-arthritis,
showing a nodular osteophyte mercly attached by a slender pedicle of
gynovial membrane.

exfoliate as the result of some impairment of their 1l.-'ittllit:-,-' by
an injury. Loose bodies may also be formed by the partial
detachment of one of the semilunar eartilages.

Fia. 103.—Two portions of Articular Cartilage, apparently from
the Femoral Condyles. They were removed by operation, one from the
right, the other from the left, knee.

Fifthly, in eases where there has been effusion of blood or
of inflammatory exudation, masses of fibrin and blood-clot
may remain in the synovial cavity.

Sixthly, blood may be effused into the substance of a
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synovial fringe, and may subsequently be * organised ” into a
hard fibrous lump.

Seventhly, loose bodies are oceasionally of tuberculous
origin, and may be multiple.

Some of these modes of formation of loose bodies are of
great rarity, and it is quite certain that the large majority of
specimens are derived in the manner deseribed under the first
three heads. In the absence of injury, it appears probable that
osteo-arthritis must be held responsible for the larger number.

If a loose body is left in a joint, free to move about without
restraint, it commonly sets up a chronie synovitis, and, through
causing sudden wrenches of the artieulation whilst in use, often
brings on an attack of acute synovitis. The usefulness of the
limb is sometimes seriously impaired.

Of all joints, the knee is the one in which loose bodies are
most frequently found; but the hip, the shoulder, and the
elbow are occasionally affected.

Internal derangement.—The subject of internal derangement
is one which may be briefly dealt with in connection with that
of loose bodiecs in joints, for there is some similarity in the
symptoms eaused by these two affections. The term is applied
to cases in which a joint, especially the knee, oceasionally
becomes suddenly locked or fixed so as temporarily to prevent
all movement. It is now tolerably clear that this condition is
generally the result of an injury to the ligaments which fix the
semilunar cartilages, resulting in their displacement when any
strain is suddenly thrown upon the limb. Beyond the incon-
venience of such attacks, and the synovitis which follows
them, no pathological changes ensue,

Joint Disease in Hzemophilia

In the disease known as ** hazmophilia,” or the haemorrhagic
diathesis —i. e. in patients who are commonly known as
** bleeders,” the joints are liable to become temporarily swollen
after slight injuries, and, after many such swellings, sometimes
become stiff. Specimens of joints affected in this way are very
rarely met with; but in two cases which occurred in St. Bar-
tholomew’s Hospital, in which death resulted from prolonged
haemorrhage following slight skin wounds, an opportunity was
afforded of examining many of the articulations. These speci-
mens were deseribed by Dr. Wickham Legg at meetings of the
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Pathological Society in 1881 and 1885 and allusions were
made by him to two other cases which had then been recorded.
It would appear that the swellings of the joints are often the
result of hamorrhages, and that, either from the irritation
caused by the frequent presence of clot in the joint or from
the constitutional condition of the patient, the ecartilages
and synovial membrane undergo
further changes. The former fibril-
late and break up on their free
surfaces, and become lipped at
their margins as in osteo-arthritis,
whilst the synovial membrane
remains more or less stained by
blood and thickened by fibrous
tissue. In one of the joints in
the museum of 5t. Bartholomew’s
Hospital —a knee — there had
further been a tough fibrous adhe-
sion formed between the under-
surface of the patella and the
condyle of the femur (see Fig. 104).
The ligaments were not noticeably
affected. The bones were healthy,
and there was no appearance of
ulceration of the cartilages, or of
such pulpy swelling of the synovial
membrane as is usual in tuber-
. culous disease. It is probable
Fi. 104.—Knee-joint from a  that similar conditions are common
* Bleeder.” Thesynovial membrane . .
iz stained with blood, and a roughened 111 the joints of ]chcdcrs, and
spot i|.1 I._I]u outer condyle of the ywould {f"id{fﬂtl:}’ Eﬂtiﬁrﬂﬁtﬂril}' ac-
femur indicates the place where the 2 -
patella was fixed by fibrous adhesions. €OUNt for the symptoms met with
in such patients.

Synovial Cysts in Connection with Joints

The oceurrence of large cysts containing synovial fluid in
connection with joints was first noticed by Mr. Morrant Baker,
and recorded by him in vols. xiii. and xxi. of the St. Bartholo-
mew’s Hospital Reports, Since the publieation of the first

1 See vol. xxxiii. p. 412, and vol. xxxvi. p. 488.
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paper many years have elapsed, and during that time many
other cases have been observed.

From a consideration of the various recorded cases and
dissected specimens, it seems safe to draw the following
conclusions :—

First, a eyst may exist in connection with a joint which is
itsell perfectly healthy, but if the eyst inflame, as the result of
injury or of surgical treatment, disease of the articulation may
secondarily result,

Secondly, in cases of osteo-arthritis and of Chareot’s disease,
cysts may form, and it is probable that they are more common

Fig. 105, ~Posterior View of a Normal Ankle-joint injected with Gelatine,
to show the numerous small protrusions of synovial membrane through the
Eu‘ﬁhsriur' ligament. (From a specimen in the museum of 5t. Thomas's
Hozpital.)

in connection with these affections than under any other
circumstances.

Thirdly, synovial eysts may complicate tuberculous disease
of joints. The specimens of Baker’s eysts in the museum of
St. Bartholomew’s Hospital, numbering about half a dozen,
have all been shown to be tuberculous,

Synovial eysts appear to originate in some cases in the
distension of a bursa which normally communicates with the
joint, and it is evident that, where there is a direct continuity
between the cavity of a joint and that of a bursa, any inflam-
matory condition may extend from the one to the other.

In other cases the eyst appears to be formed by a hernial
protrusion of synovial membrane which has been softened by
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inflammation and distended by fluid; and in yet other instances
it appears that the fluid is free in the tissues and not confined

by any definite sae, the synovial membrane having given way
at some point,

Fia. 106.—A knee-joint, with an Intermuscular S