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PREFACE

SINCE the publication in 1884 of the first English edition of

Ziegler's Special Pathological Anatomy, great advances have been

made in our knowledge of its subject-matter. These have been

duly embodied in the five successive German editions that have

appeared in the meantime. The work has accordingly been so

altered and enlarged that in preparing a third English edition we

have had entirely to rewrite the text, and to recast the biblio-

graphical and other supplementary portions. The number of

pathological papers and monographs to which reference might

fitly be made is now so great that only the more recent and

important can be dealt with. But the student of historical tastes

will find ample references to the earlier literature in the previous

English editions ; and by omitting them in this much valuable

space has been gained.

The second volume, containing the sections on the alimentary

tract with the liver and pancreas, the respiratory and genito-

urinary systems, the eye, and the ear, is already in the press and

will shortly be published. We hope to follow it with a new

version of the part on General Pathological Anatomy, prepared

with the author's sanction and assistance from the latest German

edition.

We desire here to record our thanks to Dr W. G. Spiller, of

Philadelphia, for his help in preparing the translation of Sections

VI and VII.
DONALD MAC ALISTER

HENRY W. CATTELL

JULY, 189^
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SECTION I

BLOOD AND LYMPH





CHAPTER I

THE BLOOD

1. THE blood is a liquid of peculiar composition, abounding
in cells or corpuscles, and equivalent in amount to about one-

thirteenth of the body-weight. A cubic millimetre of the blood

of a man contains on the average 5,200,000, that of a woman
a^out 4,800,000, red corpuscles, with from 5,000 to 10,000 white

corpuscles. Thus for every white corpuscle there are from 500

to 1,000 red corpuscles. In 100 cubic centimetres of blood there

are in men 14.5 grammes of haemoglobin, and in women, 13.2

grammes (HtiFNER,).
The amount of blood even in health is subject to considerable

variation ; it may, under certain pathological conditions, differ

notably from the average proportion given above.

When the amount of blood in the body is simply increased,

without change in its composition, the condition is described

as plethora vera
;
when the increase is due to an augmentation

of the water and the salts, we speak of the condition as plethora
serosa. Diminution of the total amount of blood in circulation

is called anaemia or oligaemia; concentration of the blood,

through loss of water and salts, the blood-albumen remaining
normal in amount, is termed anhydraemia ;

relative dilution of

the blood, from diminution of the albumen it contains, is desig-
nated hydraemia or hypalbuminosis.

Plethora vera may occur when, before the removal by surgical

operation of parts of the body, the blood has been pressed back

from them into the general circulation to prevent haemorrhage,
as in amputation by ESMAKCH'S bloodless method (plethora apo-

coptica) ; or when blood has been injected directly into the

vascular system. The complete emptying of the placenta in par-
turition may force an excessive amount of blood into the body of

the new-born infant, and so give rise to temporary plethora.
Plethora caused by such an increase of the blood in circula-

tion is a transient condition, the organism promptly excreting the

excess of water and then destroying the surplus of red corpuscles.
True plethora, however, of a more abiding kind, occurs in specially

predisposed persons whose luxurious habits of life favour exces-

sive blood-formation. This excess, in certain cases, may be so-
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considerable as to be recognisable during life, by means of the

abnormally large, full, and at times tense pulse, and the unusually

powerful action of the heart ; and after death by the increased

capacity and fulness of the entire vascular system, as well as by
the cardiac hypertrophy thereby induced.

Plethora serosa as a transient condition may result from an
increased supply of water to the blood. As a chronic condition,

it may be due to diminished excretion of water, from disease of

the kidneys or the heart. Simple hydraemia results from abnor-

mal loss and insufficient re-formation of the blood-albumen :

anhydraemia, from increase of the water excreted and defi-

ciency of that ingested. After severe haemorrhage more water

is taken up by the blood, and the condition of hydraemia follows

and persists until the loss of albumen and red blood-corpuscles is

again made good.
Anaemia may occur from single or repeated haemorrhages,

abnormal disintegration of blood, and insufficient formation of red

corpuscles. Its characteristic symptom is the diminution of the
amount of haemoglobin in the blood. The proportion may fall

to six or even three-grammes per 100 cubic centimetres of blood.

Usually the number of red corpuscles is somewhat reduced, and
the result is oligocythaemia. In chlorosis, however, the causes

of which are as yet undetermined, the red blood-corpuscles are

deficient in haemoglobin, but their number is not diminished.
Increased destruction of the red blood-corpuscles is fre-

quently referable to special causes acting injuriously on the
blood. It occurs after burns of the skin, and from the action of

many poisons, such, for example, as sulphuretted hydrogen, ar-

seniuretted hydrogen, potassium chlorate, picric acid, toluylene-
diamine, and many of the poisonous fungi. Infective diseases

accompanied by fever may also exercise a destructive influence on
the blood, owing to the action of their specific poisons and to the
abnormal increase of the body-heat ; and the like result may follow
from the presence of certain parasites in the blood, as in malaria.
Excessive cooling of the skin in specially-disposed persons may
occasion a destruction of the red blood-corpuscles (periodic or

paroxysmal haemoglobinuria). There are also several forms
of severe anaemia which are grouped together as pernicious
anaemia, among the features of which is increased blood-destruc-
tion or haematolysis, but the cause of this is still uncertain.
These forms are therefore provisionally termed cryptogenetic
anaemias. In some cases the condition is connected with defi-

nite physiological conditions, or with organic diseases, such as

for example pregnancy or childbirth, ulcerative affections of the

bowels, or the presence of intestinal parasites (Boihrioceplialus} .

In other cases no organic disease is demonstrable, the anaemia

appearing as a primary blood-disease. In the two instances last

named opinions differ as to the cause of the blood-changes



ART. 1] CAUSES OF ANAEMIA 5

whether they are due to an alteration in the blood-plasma, to the

presence of specific poisonous substances in the blood causing its

destruction, or to some abnormal frailty on the part of the blood-

corpuscles.

Deficiency in the formation of blood should be admitted as a
cause of anaemia only when we can demonstrate the presence of

morbid conditions in the bone-marrow, where especially the pro-
duction of red corpuscles takes place, or when defective food-

supply or disease in the alimentary tract or in other organs has

obviously caused impairment of the general nutrition, the evi-

dence of any active blood-destruction being at the same time

wanting. Even in such cases, however, it is often impossible to

make out the connexion between the organic disease and the

anaemia. There is, for example, a form of cachectic anaemia
which is met with in certain pathological conditions of the

lymphadenoid tissues (Arts. 30 and 35), of the spleen, of the

lymph-glands, and of the intestine, though the formation of blood
in the bone-marrow is not perceptibly impaired.

Increased destruction of red blood-corpuscles is often capa-
ble of demonstration by the microscope, the blood containing
morbidly-altered red corpuscles and the products of their dis-

integration.
The altered and dying red blood-corpuscles often exhibit the

most varied and diverse forms : thus we have globular, spindle-

shaped, crescent-, club-, bobbin- and nail-shaped varieties
; others

again are drawn out into threads, constricted in the middle, or

wholly irregular. This condition is known as poikilocythaemia.

Occasionally very small or very large red blood-corpuscles are

met with, and these are termed respectively microcytes and

macrocytes. Portions of the stroma of the red corpuscles may
also display partial discoloration, while other portions are strongly
coloured, and in some cases the several constituents of the cor-

puscle appear to be separated (plasmoschisis).
Besides these corpuscular forms, which are undoubtedly due to

disintegration, we find in grave anaemia others which we must

regard as immature or morbidly altered embryonic forms of the

red corpuscle. Of this nature are the nucleated red corpuscles,
which are normally to be found only in the bone-marrow. The
normal embryonic forms, which are nucleated cells of ordinary
size, have been termed normoblasts, the morbid embryonic forms,
which are abnormally large, megaloblasts. The diameter of the
latter may be twice or even four times that of the normal cor-

puscle. According to EHRLICH and MULLER, megaloblasts are

chiefly met with in severe pernicious anaemia,, and exemplify a
morbid mode of blood-formation, which in normal conditions

.^occurs only during the period of embryonic development. It is

to be noted, however, that in pernicious anaemia not only is the
rate of blood-destruction augmented, but the rate of formation of
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blood in the bone-marrow, which in this affection contains numer-

ous embryonic forms of the red blood-cells, is simultaneously
increased (COHNHEIM, RINDFLEISCH, NEUMANN, MULLER). It

is not possible, however, to decide whether the multiplication of

the normoblasts and the appearance of megaloblasts in the bone-

marrow is caused by a primary disorder of that tissue, or is the

consequence of an antecedent disease of the blood. In the latter

case the phenomenon would indicate an increased growth of the

haematoblasts of the bone-marrow with a view to the restoration

of the blood.

According to STINZING and GUMPRECHT, the average proportion of the dry
residue in normal blood is in man 21-6 per cent., and in woman 19-8 per cent.

In severe anaemia this proportion may sink to 8-5 per cent., so that a condition

of hydraemia is present. Oligaemia may however exist, though the composition
of the blood remains normal. In leukaemia (Art. 2), on the contrary, the pro-

portion of dry residue is relatively high, though the amount of haemoglobin is

diminished.
The proportion of haemoglobin in the blood varies considerably at different

ages. It is highest at birth ;
in the first years of life it falls to one-half, rising

again between the fifth and forty-fifth year to about two-thirds of its original
amount ;

thereafter it again declines. During gestation the proportion of

haemoglobin is diminished.
The researches of BOLLINGER and HEISSLER furnish the following data

concerning the variations of the quantity of blood in the lower animals : in

pigs, from 2-25 to 8-70; in horned cattle, from 6-03 to 10
;
in dogs, from 4-4 to

12-4
;
in horses, from 5-9 to 13-5

;
in sheep, from 6-56 to 10-43 per cent., of the

body-weight. Fat pigs are remarkably poor in blood.

The amount of fat in the blood, which normally is very small and during
digestion reaches about 1-2 per cent., may under pathological conditions reach

a much higher percentage, the blood becoming milky and turbid from the

small oil-globules (lipaemia) it contains.

The amount of fibrin-ferment contained in the blood is, in diseased condi-

tions, subject to considerable variation
;
so that on post-mortem examination

we can distinguish certain cases in which there is an abundant formation of

fibrin, or hyperinosis; and in other cases a deficiency of fibrin-formation, or

hypinosis. The former condition is found especially in inflammatory diseases,
such as croupous pneumonia and erysipelas ;

the latter, in death by suffocation,
and in poisoning by sewer-gas, by alcohol, and by hydrocyanic acid.

We can remove the anaemia resulting from haemorrhage by the transfusion
of blood, that is, by supplying to the affected person blood capable of perform-
ing its functions. Transfusion into the human subject of the blood of lower
animals serves no purpose, but rather causes further injury, inasmuch as the

human red corpuscles break down in the blood-serum of animals. The same

thing happens when the blood of one species of animal is injected into the
vascular system of an animal of another species.

References on Plethora, Anaemia, Hydraemia, Lipaemia,
and Transfusion.

BIERFREUND: Haemoglobin in surgical diseases Langenbeck's Arch, xu 1891
BIERMER : Pernicious anaemia Corresp. f. Schwe.iz. Aerzte n 1872
BiRCH-HiRSCHFELD : Epidemic haemoglobinuria in infants D. med. Woch.

1879



AUT. 1] PLETHORA, ANAEMIA, ETC. 7

BiRCH-HiRSCHFELn and EHRLICH : Grave anaemias Verh. Congr.f. inn. Med.
xi Wiesbaden 1892

BIZZOZERO and SANGUIRICO: Transfusion A. ital. de biol. vn 1886
BLECHMANN: Pathology of the bone-marrow A. d. Heilk. xix 1878
BOLLINGER: Haemoglobinuria in horses Z. f. Thiermed. in; Plethora vera

Munch, med. Woch. 1886
COHNHEIM : Allgem. Path, i 1882; The bone-marrow in pernicious anaemia

V. A. 68 1876
DAREMBERG : Destructive action of blood-serum A. de med. exp. in 1891
EHRLICH : Colorimetry of the blood Gesamm. Mittheil. i Berlin 1891
EICHHORST: Die progressive perniciose Anamie Leipzig 1878; Art. Chlorosis

Eulenburg's Realencyklop. 1894 (with references)
d'EsPiNE and PICOT : Pernicious anaemia in infants Rev. de med. x 1890
GABBI : Normal haematolysis Ziegler's Beitrdge xiv 1893
GRABBER : Zur klinischen Diagnostik der Blutkrankheiten Leipzig 1888
GRAM : The size of the red corpuscles in health and disease Fortschr. d. Med.

II 1884
GROSSGLICK : Hydraemic plethora A. de physiol. n 1890
GUMPRECHT : Lipaemia D. med. Woch. 1894 (with references)
HALLA: Haemoglobin and corpuscles in acute fevers Prag. Z. f. Heilk. iv 1883
HAYEM : Du sang et de ses alterations organiques Paris 1889
HEISSLER : The theory of plethora Munch, pathol. Arbeiten Stuttgart 1886
HOPPE-SEYLER : Physiol. Chemie Berlin 1877-81
VON HOSSLIN : Excretion of haematin and albumen in chlorosis Munch, med.

Woch. 1890
HUNTER: Pernicious anaemia Lancet 1888, 1890, Practitioner 1888-89;

Transfusion Journ. of Anal, xxi and B. M. J. 1887
IMMERMANN : D. A. f. klin. Med. xin, Ziemssen's Cyclop, xvi New York

1877
KRUGER : Foetal blood at birth V. A. 106 1886
LAACHE: Die Anamie Christiania 1883, D. med. Woch. no. 43 1884
LABADIE-LAGRAVE : Traite d. malad. du sang Paris 1893
LEICHTENSTERN : Hdmoglobingehalt d. Blutes Leipzig 1878
LICHTHEIM : Periodic haemoglobinuria Volkmann's klin. Vortrdge 134 1878,

Corresp. f. Schweiz. Aerzte 1883
VON LIMBECK : Klin. Pathol. d. Blutes Jena 1892 (with references)
LUKJANOW: Allgem. Path. d. Blutes u. d. Lymphe Leipzig 1892 (with refer-

ences)
MACKENZIE : Anaemia B. M. J. 1891
MAISSURIANZ : Exper. Studien ub. d. Verdnd. d. Blutkorper im Fieber Dorpat

1882
MAUREL : L'ane'mie par insuffisance de I'hematose Paris 1891
MULLER, FR. : Pernicious anaemias Charite-Ann. xiv 1889; Examination of

blood Cent. f. allgem. Path, in 1892 (with references) ; Atypical blood-

formation in pernicious anaemia D. A. f. klin. Med. LI 1893 (with refer-

ences)
MULLER : Progressive pernicious anaemia Inaug. Diss. Zurich 1877
NEUMANN: Bone-marrow in pernicious anaemia Berl. klin. Woch. 1877
VON NOORDEN: Grave anaemias Charite-Ann. xvi 1891

;
Path, des Stoffwechsels

Berlin 1893
OSLER : Pernicious anaemia Cent. f. med. Wiss. 1877
QUINCKE: V. A. 54 1871; Volkmann's klin. Vortrdge 100. 1876

;
D. A. f. klin.

Med. xxv, xxvn 1880
QUINQUAUD : Blood-lesions in various diseases A. gen. de med. 1879
VON RKCKLINGHAUSEN: Allgem. Path. d. Kreislaufs u. d. Erndhrung Stuttgart

1883
REINERT : Die Zdhlung d. Blutkorperchen Leipzig 1891 (with references)
RIEDER : Atlas d. klin. Mikroskopie d. Blutes Leipzig 1893
RINDFLEISCH : Defective blood-formation in pernicious anaemia V. A. 121 1893
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SADLER : Estimation of corpuscles and haemoglobin Fortschr. d. Med. (supple-

ment) 1892
SCHAUMANN : Bothr>/oceph<tlen-Attihnle Berlin 1894

SCIIIFP, II.: The red corpuscles in infants Prayer Z.f. Heilk. xi 1890
STIERLIN : Estimation of corpuscles and haemoglobin in infants D. A. f. klin.

Med. XLV 1889
STIXZIXG and GUMI-RKCHT : Proportion of water and dried residue in the blood

in health and disease D. A. f. klin. Med. i.in 1894 (with references)

TUMAS : Variations in the blood in certain infective diseases D. A. f. klin. Med.

XLI 1887
VANLAIR and MASIUS: De la microcythe'mie Brussels 1877
VIKRORDT: Daten und Tabellenf. Mediciner Jena 1893
VOGEI. : Vircltow's Handb. d. spec. Path. Erlangen 1854
WALDSTEIX: Progressive anaemia with subsequent leukaemia V. A. 91 1883
WEIXTRAUD: Changes in the red corpuscles V. A. 1:51 1893
WoRM-Mi;LLER: Transfusion u. Plethora Christiania 1875

2. The proportion of white corpuscles in the blood (which

usually amounts on the average to one white cell to five hundred

red) is subject, even under physiological conditions, to great vari-

ation, being markedly increased during digestion and during

gestation. Under pathological conditions this increase may reach

still higher degrees, and may be associated with a diminution of

the red blood-cells. If the condition of increase is transient it is

spoken of as leucoci/tosis ; if lasting, as leukaemia.

. Pathological leucocytosis may occur, though not invariably,
after haemorrhages, in cachectic conditions accompanying malig-
nant disease (REINBACH), and just before death. It is met with

in a large class of diseases that are accompanied by inflammatory
exudations (inflammatory leucocytosis)^ such as croupous pneu-
monia, inflammations of the serous membranes, pyaemia, ery-

sipelas, scarlet fever, diphtheria, and quinsy. It is absent, on
the other hand, in measles and influenza. In typhoid fever the

proportion of leucocytes may even diminish. Experimentally,

leucocytosis may be induced in animals by the injection of pus-
micrococci, sterilised cultures of certain bacteria, bacterial proteins
or albumoses, vegetable proteins, hemialbumose, and nucleinic acid,

as well as by the administration of certain blood-poisons. The

leucocytosis is usually preceded by a transient diminution of the

leucocytes (hypoleucocytosii), which, according to GOLDSCHEIDER
and JACOB, is caused by the retention of the leucocytes within the

capillaries of the viscera, and especially in those of the lungs.

Physiological leucocytosis is seldom marked in degree (on
the average it amounts to 33 per cent., RIEDER), and it leaves

unaffected the proportion between the different forms of leu-

cocytes. Inflammatory leucocytosis reaches a higher degree of

intensity, especially in pneumonia. Thus a proportion of one leu-

cocyte to 100, or even to 15 or 20 red corpuscles, may occur, and
the increase is generally confined to the multinuclear leucocytes.

The causation of pathological leucocytosis is not certainly es-

tablished. It is supposed by most authorities that an increased



AI:T. 2] LEUKAEMIA 9

supply of leucocytes is carried to the blood from the parts in

which leucocytes are normally produced ; but perhaps there is

also an increased production of these cells. The latter hypothesis
would seem to correspond best with the observed facts.

,
The change in the blood known as leukaemia (Viitcnow) is

characterised by a more or less considerable increase of white

blood-cells, accompanied in general by a corresponding reduction

in the number of red corpuscles. The proportion between the

two may be so altered that their numbers become equal, or in

extreme cases the white may slightly outnumber the red. Of the

white corpuscles, the uninuclear cells in particular are increased

above the normal proportion, while among the red blood-cells

nucleated forms are met with.

In well-marked leukaemia the blood is strikingly pale, clear,

and limpid. The heart and the large blood-vessels often contain

after death peculiar clay-coloured clots, rich in white corpuscles,

instead of the usual semi-translucent fibrinous deposits ; or the

clots are covered with a white, creamy, pus-like film composed
of colourless cells. The diagnosis of less-marked cases of leu-

kaemia may require the aid of the microscope, by means of which
even a slight relative increase in the proportion of white cells

may be recognised.
The increase of the white blood-cells in leukaemia is primarily

referable to an increased supply of cells from those organs which

produce leucocytes. Accordingly the spleen, the lymph-glands,
and the marrow of the bones, show in different degrees and com-
binations signs of hyperplastic proliferation ; sometimes only one
or two of the above organs are altered and increased in bulk,
or all three may exhibit proliferation. We can thus distinguish

lymphatic, splenic (lienal), and myelogenous forms of leukaemia,
as well as combinations of these forms. Further proof of this

mode of origin is afforded by the fact that the blood contains cell-

forms which correspond with the characteristic cells of the organs
indicated. Thus in lymphatic leukaemia we find chiefly the small

uninuclear cell-forms, which correspond to the cells of lymphaden-
oid tissue. On the other hand in myelogenous and mixed leu-

kaemias large uninuclear cells appear, which correspond to those

found in the bone-marrow (myelocytes) but not in normal blood
;

in this case, too, the eosinophile cells in the blood are increased in

number.

Finally, it is capable of demonstration that in leukaemia the

tissue-elements of the organs which produce leucocytes exhibit

abundant examples of karyokinetic cell-division. It is to be

noted, however, that an increase of the colourless cells may un-

doubtedly take place outside of the above-named organs (Bizzo-
ERO, SPRONCK, MULLER, STROBE), for the leucocytes have been

observed to divide by mitosis, not only in the circulating blood
but also within certain organs in which they are retained ; in this
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way their number is further increased. It is also possible that

those cells which reach the blood-current are in part endowed
with a longer life than the ordinary leucocytes. The last-named

phenomena suggest an explanation of the fact that in very rare

cases (LEUBE, FLEISCHER) leukaemia may occur unaccompanied
by any recognisable changes in the spleen, the marrow of bone,
or the lymph-glands. Moreover, there is nothing to prevent us

assuming that from organs not perceptibly hypertrophied an ab-

normal number of colourless cells may be supplied to the blood.

The diminution of the number of red corpuscles which takes

place in the majority of cases of leukaemia is referable to the fact

that the process of their formation is disordered. The nucleated

red corpuscles, which are specially apt to appear in the blood

in myelogenous and mixed leukaemias, are to be regarded as

immature cells that have escaped from the marrow of bone.

The richness of the blood in colourless cells generally leads to

secondary changes in the different organs. These are indicated

chiefly by an accumulation of leucocytes in the capillaries, and
later on by the migration of some of them into the tissues. Such
leukaemic infiltrations occur mainly in the liver, but are not

wholly absent in other organs and tissues. Sometimes they form
not only diffuse infiltrations, but also more definite deposits, which,
in the form of greyish-white nodular patches, can be recognised
without the aid of the microscope ; they are spoken of as leu-

kaemic lymphomata. These aggregations originate not simply in

a passive accumulation of leucocytes ; the cells probably increase

also by subdivision and multiplication in situ.

In the blood, in the spleen, and in the bone-marrow of those

affected with leukaemia Charcot's crystals are not infrequently
found after death. These are recognisable as sharp acicular

octahedral crystals.
The aetiology of leukaemia is not known. It is improbable

that all the diseases which are designated as leukaemia at the pres-
ent time have the same genesis and causation. The course of the
disease is usually a chronic one, though acute cases are occasion-

ally met with.

The proportion of multinuclear cells under normal conditions amounts to

about 70 per cent., that of eosinophile cells to about 1 or 2 per cent., of the
colourless elements of the blood (ZAPPEKT). The view that leukaemia is

the result of disease of the blood-producing organs is maintained chiefly by
VIRCHOW, NEUMANN, MOSLEK, EHRLICH, and MULLER; while BIESIADECKI,
RENAUT, LOWIT, and others believe it to be a primary disease of the blood
itself, in which the colourless elements, perhaps in consequence of some patho-
logical alteration of the blood-plasma (Lowix), do not pass through the normal

cycle of changes, but retaining their vitality are deposited in the tissues, and so

lead to organic disorders. The peculiarities of the cells appearing in the blood,
and in particular the occurrence of cells which resemble those of the bone-

marrow, and like them present the same neutrophile granulation (EHRLICH),
support the theory that lukaemia is primarily a disease of the organs that
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reduce the red and white blood-corpuscles. This does not exclude the possi-

ility that the colourless cells which reach the blood may increase within the

vessels in some pathological manner, and maintain their vitality beyond the

normal period. It is a noteworthy fact, however, that affections of the spleen
and of the lymph-glands (see Sect. Ill), which are anatomically identical with
-those occurring in leukaemia, may exist without any accompanying leukaemia

(pseudo-leukaemia, splenic and lymphatic anaemia). Thus hypertrophy of the

spleen and lymph-glands does not always lead to an increased influx of colour-

less cells into the blood.

Summaries of the present state of our knowledge of leucocytosis and of

leukaemia are given in the memoirs of RIEDER and MULLER, cited below.

References on Leucocytosis and Leukaemia.
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CHAPTER II

THE LYMPH

3. The lymph is a liquid transuded from the blood-vessels,

together with certain products of tissue-metabolism, and in special

parts also (e.g. the lacteals) substances brought to the lymph from

FIG. 1. SECTION THROUGH A DEGENERATING PATCH FROM THE BRAIN.

(Perosmic acid preparation : X 200)

a blood-vessel filled with blood
6 tunica media
c adventitia with its lymph-sheath
d unaltered heuroglia-cells
e fatty neuroglia-cells
/ binuclear neuroglia-cells
g sclerotic tissue

h lymphoid cells

h\ lymphoid cells containing a few oil-

globules.
hz fat-granule carriers

//;; pigment-granule cells, some contain-

ing red corpuscles

without. The lymph-glands contribute a number of lymphoid
elements in addition to the few cells derived from the blood.
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Morbid conditions of the blood, as well as diseases of the tissues,

accordingly give rise in general to changes in the lymph ; and sub-

stances taken up into the tissues from without very frequently
reach the lymphatic channels.

Many of the changes in question are not physically demonstra-

ble, being due to substances that are dissolved in the lymph. As
regards the morphological elements of the pathologically altered

lymph, the changes in them relate to the number and nature of

the cells it contains, and to the addition of products of the

disintegration of the tissues, or of foreign matters derived from
without. As illustrative of such changes in the normal contents
of the lymph, we may refer to Fig. 1, representing the degenera-
tive process resulting from a haemorrhage in the brain. Here the

circumvascular lymph-vessels (Fig. 1 c) contain, along with the

unchanged lymphoid elements, certain cells which are loaded partly
with colourless (h l h^) detritus of the brain-substance, partly with

disintegrated blood-corpuscles (A3). In a lymphatic vessel pro-

ceeding from an inflamed tissue the number of cellular elements
in the lymph is very markedly increased. Often mixed with the

lymph are found cast-off endothelial cells, some subdividing, others

degenerate. Not infrequently local coagulation of the lymphatic
contents, with the formation of fibrin, is observed. If a new
growth has broken into a lymphatic vessel, we may find the

tumour-cells in the lymph. Where bacteria have invaded the

tissues, colonies of microbes may develope in the lymph-channels.
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CHAPTER III

MALFORMATIONS OF THE HEART AND GREAT VESSELS

4. Malformations of the heart are of frequent occurrence,
and have great practical importance, inasmuch as they often on
the one hand cause non-viability of the foetus, and on the other,
where life after birth is possible, induce conditions of more or

less^ imperfect circulation, and a disposition to other and more
extensive lesions. Not infrequently also, in circumstances involv-

ing great demands upon the activity of the malformed heart, they
lead ultimately to a fatal issue.

In most cases we have to deal with primary arrest of develop-
ment and with disturbances of growth, resulting in an imperfect
development of some part of the heart or in abnormality of its

position and configuration. Only in rare instances do morbid

processes in utero, such as inflammations, inhibit or disturb the
normal development of the heart.

In the majority of cases the primary failure lies in the absence
or defective development of the septa which divide the simple
cavity of the embryonic heart into a right and a left ventricle,
and into a right and a left auricle, and the truncus arteriosus into

the aorta and pulmonary artery.
In addition to these defects we meet with malformations of

the valves, stenosis and closure of the auriculo-ventricular, the

arterial, and the venous orifices ; and lastly malposition and faulty
development of the large arterial trunks and their branches, and
of the veins entering the auricles.

Stenosis of the pulmonary artery (Fig. 2 d c^), a somewhat
frequent malformation, -may involve the arterial trunk as well as

the conus arteriosus and the ostium, the valves being at the same
time more or less malformed. Sometimes there is complete clos-

ure or atresia of the pulmonary orifice. These malformations
occur in association both with closed and complete ventricular

septa and with defects (e) in the ventricular or auricular septum,
the former combination being however infrequent. Very often
these malformations are combined with anomalies in the position
of,the large arterial trunks, both of these vessels arising from
the right ventricle, or the aorta from the right ventricle (a c) and
the pulmonary artery from the left ventricle (c? dj), a condition
which might be termed transposition of the arterial trunks. If
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the diameter of the pulmonary orifice measure less than a certain

amount, the pulmonary circulation can be adequately maintained

only when the ductus arteriosus remains patent.

a

FIG. 2. MALFORMATION OF THE HEART.

(With transposition of the large blood-vessels, stenosis of the pulmonary orifice, and
defect of the anterior part of the ventricular septum: from ROKITANSKY)

a right ventricle opened near its margin
I stenosed right ostium venosum
c aorta arising from the right ventricle
d orifice of the pulmonary artery f/j lying

posteriorly
e defectof the anterior ventricular septum

anterior portion of the septum extend-

ing to the aorta on the left, between
the anterior and left segment of the
valve

membranous portion of the right side
of the pulmonary artery

Stenosis and atresia of the aorta occur, like the analogous
conditions of the pulmonary artery, both with and without defect
of the interventricular septum. These malformations are some-



ART. 4] DEFECTS OF THE SEPTA 19

times accompanied by transposition of the aorta, or may be com-
bined with other forms of cardiac malformation.

When the aortic orifice is markedly constricted or entirely
closed, the ventricular septum being properly developed, the

foramen ovale and the ductus arteriosus usually remain open, so

that the circulation is carried on chiefly by the action of the right
heart, and the blood of both the systemic and the pulmonary
circulations is driven through the pulmonary artery. The left

ventricle and left auricle are in these cases generally small and

imperfectly developed.
Stenosis of the aorta between the opening of the ductus arte-

riosus and the origin of the left subclavian (isthmus aortae), a

slight form of which is not infrequent, may in exceptional cases

be very marked ; and instances are described in which the aorta

is entirely closed, or even wholly wanting. The collateral circu-

lation is then established by means of anastomoses between the

branches of the subclavian and the descending thoracic and abdom-
inal aorta.

Stenosis and atresia of the venous orifices occur in the right as

well as in the left auricle.

Misplacement (or transposition) of the large blood-vessels
occurs along with other malformations of the orifices, of the ves-

sels, and of the septa, as well as in the absence of such malfor-
mations. In these cases the vessels sometimes maintain their

connexion with their proper ventricles ; at other times an inter-

change takes place.
Defects of the ventricular septum may involve the entire

partition (cor biloculare biatriatum), in which case only one ven-
tricle is present. They are more frequently, however, limited to

the anterior or posterior region of the septum, or even to a por-
tion of one of these. The .defect may be combined with a like

defect of the auricular septum (cor biloculare}, or with malforma-
tions of the arterial trunks and orifices, as well as of the venous
orifices. Persistence of the truncus arteriosus may be associ-

ated with defects of the anterior septum ; the latter however
occurs much more frequently in association with stenosis of the

pulmonary artery. In partial defects of the septum the aorta is

generally displaced to the right.
Defects of the auricular septum, more or less extensive,

are met with either by themselves, or in conjunction with other
malformations. Most frequently the foramen ovale remains open ;

less often a defect is found beneath the membranous margin of

the foramen. Total absence of the septum constitutes the cor

bilocnlare biventriculare.

Malformations of the valvular segments may occur in the
auficulo-ventricular valves, which are sometimes abnormally short,
<>r adherent to each other ; abnormal constriction and occlusion of
the orifices are also met with. In the latter condition the circula-
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tion can take place only when an opening persists in the auricular

septum.
The number of the segments of the semilunar or sigmoid

valves may be excessive or defective at either of the arterial

orifices.

Persistence of the ductus arteriosus is brought about chiefly
as a result of other defects in development, such as stenosis of the

pulmonary artery, of the aorta, or of one of the venous orifices.

It also occurs apart from any other form of cardiac malformation.

From their complexity, it is not always easy to gain a clear conception of

the genesis of these malformations. More exact knowledge of the history of

the development of the heart, which we owe to His and BORN, has materially
aided our understanding of their origin, in regard both to defects of the septa
and to malformations of the arterial and venous orifices.

The human heart is originally formed out of a straight tube, which later on
becomes curved and S-shaped (HERTWIG). From the anterior extremity of

this arise the two primitive aortic arches, while its posterior extremity receives

the two vitelline veins (venae omphalo-mesentericne) . When the tube (Fig. -'5)

has reached a certain size and position in the embryo, the several parts become
differentiated, the widening venous portion and the arterial portion being
separated by a narrower tube, the auricular canal (<tc); the cavities are

thenceforward recognisable as auricle (a) and ventricle (v). At the same
time the auricles develope lateral pouches (an), which become the appendices
auricularum.

FIG. 3. HEART OF A HUMAN EMBRYO 4 -3 MILLIMETRES LONG.

(From His)
v ventricle ac auricular canal
to, truncus arteriosus a auricle with appendix auriculae aa

Fio. 4. HEART OF A HUMAN EMBRYO AT THE FIFTH WEEK.

(From His)
rv right ventricle ta truncus arteriosus
Iv left ventricle laa left appendix auriculae
si sulcus iuterventricularis raa right appendix auriculae

In the region of the auricular canal where the auriculo-ventriculav valves are

subsequently formed, the endothelial tube narrows and is markedly flattened in
the sagittal direction, so that its opposite walls come nearly into contact.

The rudimentary ventricle (Fig. 3 v) forms a bent 'tube which narrows
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toward the aortic bulb (fa). This is soon grooved externally by a straight
furrow, the sulcus intervtmtricularis (Fig. 4 si), running from above down-
wards, by which the ventricle is divided externally into a right and a left half,

of which the former is continued into the truncus arteriosus. The formation of

sc|ii;i within the heart follows in the portion of the ventricle corresponding to

tli.' internally visible interventricular sulcus (Fig.
4 si). On the inferior and

posterior wall a ridge arises (Fig. 5 vs), which is the rudiment of the septum
ventriculorum, and grows from below upwards. Very soon on the posterior
wall of the auricle, to the left of the venous orifice (Fig. 5 sr), a process of con-

nective tissue (si) appears in the region of the auricular canal, whose walls at

this stage assume the form of an annular projecting fold directed downward (the

rudimentary valvular segments), and this process divides the auriculo-ventricular

orifice into a right and a left half. His terms this portion of the septum the

septum intermedium.

FIG. 5. POSTERIOR HALF OF THE HEART OF A HUMAN EMBRYO AT THE FIFTH WEEK.

(From His)

Iv left ventricle
rv right ventricle
si septum intermedium
la left auricle
ra right auricle
vs ventricular septum

mouth of the sinus reuniens (sinus ve-

nosus of BORN)
auricular septum (auricular crescent of

His, septum primum of BORN)
septum spurium * Eustachian valve

In the seventh week this septum iinites with the septum of the ventricles,
and forms thus the middle segment of the auriculo-ventricular valves. The
other segments of the mitral and tricuspid valves are formed from the wall of
the ventricular cavity.

The differentiation of the truncus arteriosus into an aorta and a pulmonary
artery follows directly upon the formation of the ventricular septum. It begins
with a flattening of the tube, and this is followed by the appearance of two

longitudinal ridges on the flattened sides, which grow toward each other and
then unite. Later on, the aorta and pulmonary artery become externally
distinct.

The process of division in the truncus arteriosus begins above, and extends
downward till it reaches the ventricular cavity. The partition then unites

with the ventricular septum by a secondary process of cohesion. The inferior

portion of the truncus forms the membranous portion of the ventricular septum.
The development of the semilunar valves begins before the division of the

tr\mcus. Four prominences of a gelatinous texture are formed; and of these

two are bisected in the process of division of the arterial channels, so that

presently three prominences appear in each trunk.
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The auricular septum begins to develope on the superior wall of the auricle,

from which point it grows (Fig. 5 as) downward, until, in the region of the

auricular canal, it reaches the septum intermedium (si) and coheres with it;

thus the auricle as well as the auricular canal is divided into halves. Here,

however, the division again becomes incomplete, for an opening appears in the

septum, the foramen ovale, which closes only after birth.

The truncus arteriosus at a certain stage of embryonic development gives

origin to five pairs of primitive aortic arches, from whose confluence the aorta

dorsalis arises (Fig. 6). Upon the division of the heart into its several dif-

ferentiated portions, transformations occur in the arterial arches, whereby the

division of the circulation into the major and minor systems is effected. The

plan of the embryonic vascular system, originally symmetrical, now becomes

asymmetrical. The manner in which this is effected is shown in the two dia-

grammatic schemes of Figs. 6 and 7. The essential points in the process of

transformation are the division of the truncus into aorta and pulmonary artery,
the obliteration of some of the primitive aortic arches, and the further develop-
ment of the remainder.

In Fig. 7 the parts which persist are black or shaded, while those ultimately
obliterated are left white. The connecting link between the pulmonary artery
and the aorta, the ductus arteriosus, is obliterated last, since it closes only after

birth.

FIG. 6. DIAGRAMMATIC SCHEME OF THE AORTIC ARCHES OF THE EMBRYO OP AN
AMNIOTIC VERTEBRATE.

(From HERTWIG)
1-6 first to fifth aortic arches
ad aorta dorsalis
d internal carotid
ce external carotid

v vertebral artery
s subclavian

p pulmonary artery

FIG. 7. DIAGRAMMATIC SCHEME OF THE TRANSFORMATIONS OF THE AORTIC ARCHES
IK A MAMMAL.

a internal carotid
b external carotid
c common carotid
d the descending aorta
e fourth arch on the left side

g left vertebral artery

(From RATHKE)
k right vertebral artery
h left subclavian
i I right subclavian
m pulmonary artery
n ductus arteriosus

The venous trunks, with the exception of the ascending vena cava, are origi-

nally paired and symmetrical, and unite in the sinus reuniens (Fig. 5 sr) ;
this

later on disappears as an independent structure, arid is absorbed into the auri-

cles. Through the further development of some and the involution of other

veins, the ultimately asymmetrical venous system is produced.
A comparison of the malformations of the heart with the stages of its develop-

ment shows that the malformations result essentially from defective or perverted
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development of the septum, the ventricle, the auricle, and the truncus arteriosus,
and from failure of their normal coherences. This is true not only of defects

in the septum, but also of anomalies of position and abnormal narrowness of

the arteries. Union of the septum intermedium with the wall of the auricular

canal leads to closure of the auriculo-ventricular orifice, or at least to an abnormal
coherence of the valvular segments. Abnormal subdivision of the truncus

arteriosus may also induce malformations of the valves
; and incomplete develop-

ment of the rudiments of the valves may result in morbid alterations of their

texture. Disorders of evolution in the aortic arches are apt to give rise to

anomalies of the arterial trunks.

References on the Development of the Heart.

BORN : Development of the mammalian heart A. f. mikrosk. Anat. xxxm 1889
;

Anal. Anzeiger in (p. 606) 1888
HERTWIG : Lehrb. d. Entwickelungsgeschichte Jena 1893
His: Analomie menschl. Embryonen ill Leipzig 1885; Beitr. z. Anal. d. menschl.

Herzens Leipzig 1886

% References on Malformations of the Heart.

ARNOLD: Development of auricular septum V. A. 51 1870; Congenital divertic-

ulum of the heart V. A. 137 1894
BABES : Peculiar cases Jahrb.f. Kinderheilk. xiv 1879
vox BUHL: Cases Z.f. Biol. xvi 1880
CHIARI: Cor triloculare Jahrb.f. Kinderheilk. xiv, xv 1879-80
DILG : Rare cardiac anomalies V. A. 91 1883
DITTRICH: Variations in the aortic arch Prag. Z.f. Heilk. vn 1886
EPPINGER : The diaphragmatico-retromediastinalis muscle and primary defects

of the septum Cent.f. allg. Path. \ (p. 859)
EPSTEIN: Cardiac defects Prag. Z.f. Heilk. vn 1886
FORSTER : Die Missbildungen d. Menschen Jena 1865
GELPKE: Selten. Fall von angeb. Herzfehler Basle 1883
GREENFIELD : Trans. Path. Soc. xxvn London 1876
KOLLMANN : Anomalies of vena cava inferior Anat. Anzeiger vm 1893 (with

references)
VON KRZYWICKI: The membranous interventricular septum Ziegler's Beitrdge

vi 1889
KUSSMAUL: Pulmonary stenosis Z.f. rationale Med. 1866
LEO : V. A. 103 1886 ; Pulmonary stenosis and atresia D. med. Woch. 1886
MACKENZIE : Trans. Path. Soc. xxxi London 1880
MANN : Cor triloculare biatriatum Ziegler's Beitrdge vi 1889
MARCHAND: Ahlfeld's Berichte und Arbeiten 1881-82
MARTINOTTI : Gazetta d. cliniche 1886, Anat. Anzeiger i 1886
MARTINOTTI and SPERINO: A. ital. de biol. vi 1885
MIDDENDORP: Pulmonary atresia Internal. Monatsschr. f. Anat. in 1886
ORTH : Defect in ventricular septum V. A . S'2 1880
PISENTI : Rare tricuspid anomaly Lacori patol. di Perugia 1890
POTT: Foetal affections Jahrb.f. Kinderheilk. xin 1879
PREISZ : Congenital defects of the heart Ziegler's Beitrdge vn 1889
RAUCHFUSS: Gerhardt's Handb. d. Kinderkrankh. iv
REIL: D. A.f. klin. Med. xvii
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RUGE: Defects of the auricular septum V. A. 126 1891
SCHMALZ : Pathogenesis of cardiac defects D. med. Woch. 1888
TWNNIES : Ueb. eine sell. Missbild. d. Herzens Gottingen 1886
VENTURI : Rare cardiac lesions Rev. de med. xin 1893
WAGNER : Pulmonary atresia and tricuspid stenosis with complete ventricular

septum I n i

in;/. Diss. Giessen 1889



24 MALFORMATIONS OF THE HEART [CHAP. Ill

References on Aortic Stenosis near the Ductus arteriosus.

BARIK : Congenital stenosis of descending aorta Rev. de mcd. vr 1886
EPPINGER: Congenital aortic stenosis Pro;/. Vierieljakmckr. 112 1871
LEBRRT : Aortic stenosis near ductus arteriosus V. A . 4 1852
LUTTICH : Obliteration of aorta near ductus A. d. Heilk. xvn 1876
MARTENS : Two cases of aortic atresia V. A. \'2\ 1890
SOMMEUBRODT: Obliteration of aorta near ductus V. A. 91 1883

5. It is not rare for the heart to be abnormally small in pro-

portion to the body-weight. .This condition is described as car-

diac hypoplasia. The heart is either abnormally small at birth,

or fails to attain sufficient development later. Sometimes in

adults the heart may be no bigger than it normally is in chil-

dren of seven or eight years. Such extreme cases are rare, but

minor degrees of hypoplasia are often met with.
t According to

VIRCHOW, cardiac hypoplasia is common in patients of both sexes

suffering from chlorosis or haemophilia. In the majority of cases

there is an accompanying hypoplasia of the arterial vascular sys-

tem, the aorta and arterial trunks being narrow and thin-walled :

the genital organs may also be ill-developed, and sometimes the

entire body is undersized. The abnormal thinness and narrow-
ness of the arteries are often associated Avith anomalies in their

distribution ; while corrugated and lattice-like irregularities of

the surface, and fatty deposits, are observed in the inner coat of

the aorta. In many cases rupture of such an aorta has been
recorded.

Congenital hypertrophy of the whole or a part of the heart

is seen when, from alterations in the ostial orifices and vascular

trunks, the forward propulsion of the blood is rendered difficult.

Among the malpositions of the heart in the thorax we occasion-

ally find the condition termed transpositio cordis, or dexiocardia.
Here the heart is situated on the right side, the malposition being
part of a general situs viscerum inversus, and but rarely unac-

companied by other anomalies. In cases of fissural malformation
of the anterior thoracic and abdominal wall the heart is not uncom-

monly displaced forwards (ectopia cordis). The pericardium in

these cases may be present or absent.

According to THOMA, the average weight of the heart in the new-born
infant is 20-6 grammes; at the age of 17, 233-7 grammes; in full manhood,
303 grammes. In women this weight is about 40 grammes less. The length
of the fully developed heart (BENEKE) is on the average about 9-0 centimetres,
the breadth 10-7 cm., the thickness 3-6 cm. The thickness of the right ventri-

cular wall is 2-0 to 3-0 millimetres; that of the left ventricular wall, 7-0 to
8-0 mm. In cases of hypoplasia the vglume of the heart may be reduced by a
third or more.

According to BENEKE, the circumference of the ascending aorta in new-
born infants, at its commencement, measures 20 mm.

;
in the adult, 68 mm. :

the circumference of the pulmonary artery at birth and in the adult is 23 mm.
and 65 mm. respectively. Above the bifurcation of the aorta into the common
iliac arteries the circumference in adults is 32 nun.
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References on the Size of the Heart and Large Blood-vessels.
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f.x^M.vxx: New York Med. Gaz. vi 1870-71
THOMA : Grouse u. Gewicht d. anal. Bestandtheile Leipzig 1882
\ IKKORDT : Anut. Daten u. Tabellen Jena 1893
VIRCHOW: Chlorose u. Anomal. am Gefassapparate Berlin 1872
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CHAPTER IV

MORBID ALTERATIONS OF THE HEART AS A WHOLE

6. Diminution in the size of the heart depends essentially

upon atrophy of its muscular and adipose tissues, and occurs most

frequently in persons whose general nutrition is defective, and
whose blood is greatly reduced in amount. In senile marasmus
and in cancerous cachexia the weight of the heart may sink below

half the normal amount. The adipose layer of the atrophic heart

is almost, or even entirely, absent, and is replaced by a gelatinous
translucent material resembling mucous tissue. The vessels cours-

ing over the surface of the heart are, as the result of the shrinking
of the underlying tissue, more or less tortuous. The muscular

layers, on account of the wasting of their muscle-cells, are

thinned and frequently coloured brown, or yellowish-brown, by
the formation of pigment and fat in their substance. The cardiac

cavities are small, and the endocardium, condensed by the con-

traction of the tissue that was formerly spread out over a larger
surface, is less transparent than normal.

Enlargement of the heart, when not due to the presence of a

tumour, is caused either by dilatation of its cavities, by the hyper-
plasia of its muscular structure, or by an increase of the sub-

epicardial adipose tissue.

Dilatation of the heart is often the result of morbid changes
in its muscle, which make the walls yield more readily to pressure

(fatty degeneration). In other cases it is caused by some resist-

ance to the emptying of the heart-cavities (stenosis of the orifices,

adhesions of the pericardium, diseases of the lungs, especially
chronic emphysema and pleuritic adhesions), or by alterations

of the valves, which, if the - ventricles and auricles are relaxed,

permit a regurgitation of blood from the arteries into the ven-

tricles, and from the ventricles into the auricles (valvular insuf-

ficiency). The dilatation, according to the cause upon which it

is dependent, sometimes affects only one ventricle or auricle, some-
times the entire heart, and may be so great that the circumfer-
ence of the heart reaches twice the normal measurement or even
more. Locally circumscribed changes in the walls (ischaemic
softening of the heart-muscle, cardiac scleroses, Art. 11) cause
local protrusions, which are termed aneurysms of the heart

(Fig. 28).
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Dilatation of the heart is at first accompanied by thinning of

the walls of the distended portion ; but the distension may be
combined with hypertrophy of the muscular structure. This
occurs when the dilatation is produced by an increased resistance

to the outflow of blood from the heart, or by regurgitation of

blood into the heart during diastole.

Hypertrophy of the cardiac muscle is the result of per-
sistent increase of the work of the heart ; but this condition
induces true hypertrophy only when the demands upon the heart
do not exceed a certain limit and the muscle is well nourished.
The causes of increased cardiac action are insufficiency and steno-

Fio. 8. HYPERTROPHY OF THE LEFT VENTRICLE.

(Produced by insufficiency and stenosis of the aortic valves: transverse section: natu-
ral size)

a left ventricle b right ventricle

sis of the valves (Art. 9, Figs. 19 and 20), abnormal narrowness
of the arterial trunks, destruction of renal tissue whereby the

blood-pressure within the systemic circulation is increased, dis-

eases of the lungs (emphysema, pleuritic adhesions) which in-

crease the pressure in the minor circulation, adhesions of the

pericardium to the heart and lungs, increase of the total amount
of f)lood in the body, nervous excitement, and severe bodily exer-
tion. Idiopathic hypertrophy of the heart, in other words, simple
overgrowth of the heart-muscle from internal causes, has not been
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shown to occur. The increase in size of the heart-muscle is there-

fore always symptomatic ; it is dependent on increased work, from
whatever cause arising. The hypertrophy accordingly appears
tirst in that portion of the heart which is primarily exposed to

the abnormal strain. In disease of the aortic valves and in cases

of contracted kidney, this portion is the left ventricle (Fig. 8 a);
in insufficiency and stenosis of the pulmonary valves, and in cases

of increased resistance within the pulmonary circulation, it is the

right ventricle.

Hypertrophy of the heart-muscle causes in the first instance a

thickening of the auricular or the ventricular wall (Fig. 8 a).
The trabeculae and the papillary muscles share also in the hyper-
trophy, and may undergo marked increase in their circumference.

The weight of a hypertrophied heart may reach twice the normal

amount, or even more ; hearts weighing 600 to 700 grammes and
more are thus met with.

The increase in the size of the heart-muscle is due to hyperplasia
of the individual muscle-cells. It is difficult to determine whether

any increase in the number of cells also occurs ; when the hyper-
trophy takes place in the first years of life this is not improbable.

In hypertrophied hearts the cavities are sometimes dilated,
sometimes normal, and sometimes smaller than normal, present-

ing the conditions known as eccentric, simple, and concentric

hypertrophy, respectively. The dilatation of the heart, as a con-

sequence of increased resistance to the circulation, may precede
the hypertrophy, or takes place subsequently in an already hyper-
trophied heart, owing to secondary degeneration of the muscles.

Lipomatosis or fatty enlargement of the heart may be a local

manifestation of a general deposit of fat over the entire body ; it

is characterised by an increase in the yellowish-white cardiac

panniculus adiposus. More marked forms of lipomatosis or adi-

posity tend to produce collections of fat in the intermuscular and
sub-endocardial connective structures, so that the muscular sub-
stance is as it were infiltrated with fatty tissue, and a layer of fat

appears beneath the endocardium. Marked lipomatosis may im-

pair the functional power of the cardiac muscle.

References on Hypertrophy of the Heart.
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nich 1894
BOLLINGER : Idiopathic cardiac hypertrophy (from beer-drinking) Munch, path.
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VON BUHL: Eccentric hypertrophy Milnch. path. Arbeiten 1878
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1886
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CHAPTER V

MORBID CHANGES IX THE ENDOCARDIUM

7. The endocardium is a delicate membrane lining the heart,

composed of connective tissue, and containing few blood-vessels.

The valvular segments are portions of the endocardium ; those

guarding the aorta and pulmonary artery are devoid of vessels,

while those at the mitral and tricuspid orifices are vascular. The
chordae tendineae are provided with small vessels arising from

the papillary muscles.

The endocardium is frequently the seat of degenerative

changes, which in most instances affect the parietal layer, and

in other cases the valves. In the latter situation the degenera-
tive change not rarely gives rise to disorder of the valvular

functions.

Fatty degeneration is the most frequent of these changes.
This change is manifested by the formation of circumscribed

FIG. 9. SECTION OF FATTY ENDOCARDIUM.

(From the mitral valve of a child dead of scurvy : perosmic acid preparation, mounted
in glycerine : X 330)

FlG. 10. MUCOID DEGENERATION OF THE CONNECTIVE TISSUE OF THE AORTIC VALVE.

(Perosmic acid preparation, from a frozen section mounted in glycerine : x 350)

a connective tissue 6 mucoid tissue

patches of an opaque white colour, which are found most com-

monly on the valves, and less frequently upon the parietal endo-
cardium. The fatty changes take place first in the connective

tissue, and later in the superficial endothelial cells, the protoplasm
of which appears beset with oil-globules. In the graver degrees
of degeneration the interstices of the connective tissue are entirely
filled with oil-globules of different sizes (Fig. 9). This condition

usually occurs in aged persons whose vascular system elsewhere
shows signs of similar change. But it may also occur in younger
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persons, and is found in association with the most varied diseases,

such as chronic heart-disease, anaemia, marasmus, toxic and infec-

tive conditions, and the like.

. Mucoid degeneration of the endocardial tissue occurs chiefly
in old age, but it also accompanies morbid thickening of the valves,
and is almost entirely confined to them. It generally occurs in

patches, leading to the formation of circumscribed thickenings and

prominences upon the free margins of the valves. These patches

present a gelatinous appearance, and are composed of mucoid tissue

containing cells (Fig. 10 6), or of non-cellular mucous substance.

In the former case the texture of the patch resembles that of the

gelatinous tissue of the valves of the foetal heart.

The mucoid degeneration is often combined with fatty changes;
thus one portion of the valvular tissue may appear fatty and
another gelatinous, or the cells of the tissue are fatty while the

gronnd-substance becomes mucoid.
Sclerosis of the connective tissue of the endocardium is seen

chiefly on the free margins of the valves, the condition being so

frequently met with in old age that it may almost be regarded as

a physiological change. This condition leads to the formation of

flattened and diffuse thickenings of the valve, or to nodular

prominences, within which the tissue is dense and either obscurely
librillar or quite homogeneous, and contains few or no cellular

elements.

Sclerosis of the valvular tissue is frequently combined with

fatty, mucoid, and calcareous change, and necrotic disintegration
of the degenerated tissue may ultimately take place, leading to

the formation of patches of softening. Ulcers arise when such
softened and degenerated areas break down, and in the neighbour-
hood of these ulcers reparative processes are usually set up,

leading to infiltration of the tissue with leucocytes. This com-
bination of morbid changes is described as atheromatous de-

generation ; it is a frequent cause of valvular insufficiency in the

aged. Hard calcareous masses are sometimes formed by the

deposit of calcium salts in the neighbourhood of the atheromatous

patches, and in many cases these masses seriously obstruct the
movements of the valves.

When from any cause the natural texture of the surface layer
of the heart is altered, or when it becomes rough or irregular,

finely-granular thrombi are apt to form on the affected spots.
These take the form of circumscribed yellowish or reddish

deposits, which are often (but not quite correctly) described

(Art. 8) as endocarditic vegetations (Fig. 11 6). The deposits
t<>nii as a rule when the circulation is irregular or weak, and

appear as small yellowish or reddish-yellow nodes, or as rough
warty masses. They are generally found on the valves, both
about the ostial attachment and on the free surface. If these

thrombi are not washed off by the blood-current, proliferation
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takes places in the underlying endocardium (Fig. 11 c) ; this

penetrates the thrombus and gives rise to a more or less complete
substitution of cellular connective tissue for its substance. Many
gradually increasing thickenings of the valves are no doubt the

result of repeated thromboses of this kind. Larger thrombi may
undergo more or less complete calcareous infiltration, and cases

occur in which the valvular sinuses of the aorta are beset with a

number of calcined thrombi in the form of irregular serrated ex-

crescences, firmly adherent to the surface of the valves.

Slight amyloid degeneration of the connective tissue of the

heart-wall is not infrequently observed
;

it occurs under the same
conditions as amyloid degenerations of other organs. Degenera-
tion so marked as to be recognisable without the aid of the iodine

or methyl-violet reaction is rare, though cases have been recorded

(HESCHL, ZIEGLER, WILD) in which hyaline patches and streaks,

as well as circumscribed hyaline nodules, had formed in the con-

nective tissue of the endocardium and in that of the myocardium
and epicardium.

FIG. 11. PROLIFEROUS GROWTH OK THE ENDOCARDIUM WITH A THROMBUS.

(From the slightly-thickened and vascular aortic valve of a male patient, aged 49 : prepa-
ration hardened in Matter's fluid, stained with alum-carmine and eosi.n, and
mounted in Canada bal-tam: x 60)

a hyperplastic connective tissue of 6 granular thrombi
valve, with blood-vessels c fibre-cellular excrescences

In rare cases, a combination of amyloid change with a peculiar hyaline
degeneration of the connective tissue is observed. The tissue thickens and
becomes completely hyaline, and then breaks up into translucent fragments,
some portions yielding the characteristic iodine or methyl-violet reaction, while
other portions do not. By continuous extension of the degeneration through
the intermuscular connective tissue, during which the muscle-cells in the
affected area disappear, a large portion of the muscular substance of the heart

may be destroyed. The heart-wall is thus converted into a rigid semi-trans-
lucent mass, resembling the fat or rind of boiled bacon, and the endocardium
may at the same time be thickly studded with hyaline granules.

References on Degeneration of the Endocardium and on the

Structure of the Valves.

COEN : Vessels of the valves A.f. mikrosk Anal, xxvn 1886
DARIER: Vessels of the valves A. <le phi/sinl. n 1888
HESCHL: Amyloid heart-muscle Wien. ined. Woch. 1870
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8. By endocarditis is meant an inflammatory disease of the

endocardium, due to the influence of an irritant which has gained
access to the blood. The valves are the structures most fre-

quently affected, although the condition may be limited to other

portions of the endocardium.
Endocarditis is frequently a secondary affection, dependent

upon inflammatory disorders in other organs, such as suppurating
wounds, purulent peritonitis, and pneumonia. Not infrequently
however the endocarditis forms the first local manifestation of an

infection, the exciting agent of which has left no recognisable traces

at the seat of its entrance into the body. Embolic occlusion of

certain vessels, and metastatic inflammations in other organs, in

particular the kidneys, spleen, brain, and skin, are not infrequently
associated with endocarditis.

According to the researches of WEICHSELBAUM, WYSSOKO-
WITSCH, FRANKEL, SANGER, BONOME, KLEBS, HIRSCHBERG,
STERN, NETTER, and others, the causation of endocarditis is not

always the same. Various micro-organisms may act as the exciting
cause, and among them we find certain that are known to be asso-

ciated with other organic diseases, such as traumatic infections,

osteomyelitis, and pneumonia, while some have not yet been
correlated with any other infective disorder. Of the former the

most important are the Staphylococcus pyogenes aureus, the Strep-
tococcus pyogenes, and the Diplococcus pneumoniae ; while the

Staphylococcus pyogenes albas, and the Bacillus pyogenes foetidus

(PASSET), seem to play only a subordinate part. LEYDEN and
others consider that endocarditis may be caused by the Gono-
c?ccu8. The organisms found iri connexion with endocarditis, but
not as yet associated with other organic diseases, include both
micrococci and bacilli. Thus WEICHSELBAUM has described, as

met with in some cases of endocarditis, Micrococcus endocarditidis

rugatus, Micrococcus endocarditidis capsulatus, Bacillus endocar-

ditidis griseus, Bacillus endocarditidis capsulatus, and a bacillus

which he failed to cultivate
;
and FRANKEL and SANGER have

met with a non-motile foetid bacillus.

According to these authors, the experiments they have car-

ried out render it very probable that all of these bacteria are

pathogenic in their nature, and that the first-named organisms
are, certainly so. The aetiological significance of the others is

not as yet established, and it may well be that their occurrence in

cases of endocarditis is either a post-mortem phenomenon, or is
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due to secondary settlements of the microbes in the diseased

tissues during life. Thus, for example, the presence of tuber-

cle-bacilli in the endocarditic deposits of tuberculous patients

(CoiiNiL, KUNDRAT, HELLER, BiRCH-HiRSCHFELD) is very proba-

bly due to a secondary invasion, though it should be noted in this

connexion that tubercles are occasionally found on the valves, and
that these may be overlaid with thrombi. Not infrequently the

areas affected with endocarditis contain at the same time two, or

even three, different forms of bacteria.

The action of the bacilli at their place of settlement leads in

all cases to a more or less marked degeneration of the affected

tissue. If the bacteria (Fig. 12 i) extend from the surface deep

FIG. 12. MYCOTIC ENDOCARDITIS OF AN AORTIC VALVE.

(Staphylococcus pyoyenes aureus: preparation hardened in alcohol, embedded in cel-

loidin, stained with gentian-violet and vesuvin, and mounted in Canada balsam : X40)
a normal valve tissue d granular lamellar thrombi
6 colonies of micrococci e fibrillar fibrin, with leucocytes
c necrotic tissue containing no nuclei / red blood-corpuscles

into the tissue, the result is in many cases a somewhat widely
extended necrosis, so that the tissue beset with bacteria appears
to have lost its nuclei (Fig. 12 c). In consequence of the

changes which the chemico-physical constitution of the tissue

undergoes through the growth and spread of the bacteria, thrombi

very soon form on the surface of the affected areas. The thrombi

mostly take the form of finely-granular flakes or films which con-

tain no cellular elements. At times leucocytes and red blood-

corpuscles may be found attached to the flakes (Fig. 12/), and
fibrillar fibrin is simultaneously deposited on them (e). The
thrombi are thus composed of different elements, and belong to

the * mixed '

variety.
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On the semilunar valves of the aorta and pulmonary artery,
which are free from blood-vessels, inflammatory exudations

appear, but only at a later stage (Fig. 12). If, however, the

bacterial colonies are situated on the vascular portions of the

mitral and tricuspid valves, an inflammatory exudation quickly
follows, and is accompanied by more or less extensive cellular

infiltration of the affected valve-tissue (Fig. 13 e/).

*-^

Fi. 13. MYCOTIC ENDOCARDITIS (PUSTULOSA) OF THE TRICUSPID VALVE.

(Following an infected wound of the left font, accompanied by 'haemorrhayic septic
pneumonia: preparation hardened in alcohol, and treated with gentian-violet,
iodine 'and vetsuvin : X 60)

a tissue of the posterior segment of the
valve

6 chorda tendinea
c pustular elevation on the valve
</ Staphylococciui pyogenes aureus

e pus-cells and staphylococci
/ pus-cells unaccompanied by micro-

cocci

V small abscess

The first change visible to the naked eye consists of a barely-

perceptible cloudi-

ness of the aft'ected

part. r'
~

YThe course and
issue of endocardi-
tis is chiefly de-

pendent upon the

extent of the de-

generation and ne-

crosis to which the

bacteria give rise ;

but the intensity
of the inflamma-

tory process which
has thus been

started, as well as

the'magnitude and
character of the re-

sulting thrombosis, must also be taken into consideration.

FIG. 14. WARTY ENDOCARDITIS (VERRUCOSA) OF THE
AORTIC VALVE.
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r

t
FlO. 15. VlLLOUS ENDOCARDITIS (POLYPOSA).
Mitral valve, with recent endocarditic thrombi,

seen from the auricle ; natural size)

a auricular wall
6 posterior segment of the valve
c thrombus
e aurieulo-ventricular opening

When the extent of the

degeneration and necrosis

is small, and the affected

area remains covered with
thrombi projecting above
the surface in the form of

small wart-like yellowish
or reddish masses, single,
or in groups or rows, we
have the variety known as

warty endocarditis (ver-

rucoiscT) (Fig. 14). When
the deposits are extensive,
and polypoid or shaggy in

appearance, the condition

is called polypous or vil-

lous endocarditis (Fig.
15 <? and Fig. 176). When
the necrosis is more ex-

Fir,. 16. ULCERATIVE ENDOCARDITIS OF THE AORTA, SHOWING ULCERS, VALVULAB,
PERFORATIONS. AND VALVULAR THROMBI.

(Natural size)

e ulcers on the ventricular septuma aorta
6 pulmonary artery
c valvular segment covered with

thrombi
d perforated segment covered with thrombi

ulcers on the ventricular surface of

the larger mitral segment
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tensive and the necrotic tissue and the thrombi formed on it have
been separated, so that ulcerous excavations are visible, we have
an ulcerous or diphtheritic endocarditis. Sometimes the in-

fri-tc.d thrombi are east off, and passing into the circulation lodge
elsewhere in the tissues as foci of suppuration : the process may
then be described as pyaemic or suppurative endocarditis (pux-
tulosa) (Fig. 13).

Ulceration may be combined with the formation of warty
thrombi in the most various ways. On the margins of an endo-
carditic ulcer (Fig. 1C c d and Fig. 17 6), new thrombi are apt
to form, but they are usually larger and looser than in endocar-
ditis verrucosa, and often possess rather a villous than a warty
appearance.

As already stated, endocarditis most frequently affects the val-

vular apparatus, more rarely the parietal endocardium of the left

heart, still more rarely the endocardium of the right heart ; it is

most frequently observed in the latter situation when the endo-
carditis is due to traumatic infection. In the course of left-sided

valvular endocarditis, warty deposits may also be formed on the

valves of the right side of the heart.

FIG. 17. ENDOCARDITIS (VILLOSA), WITH VALVULAR THROMBI, AND ACUTH
VALVULAR ANEURYSM.

a aorta

(Xatural size)

b valvular thrombus c aneurysm

Warty endocarditis affects chiefly the free margins of the val-

vular segments ; the ulcerative forms are less frequently confined
to this situation. The ulceration attacks different portions of the

valyes, and very frequently spreads to the chordae tendineae, and
to the walls of the aorta and of the heart. When the tissue of a

valvular segment is gradually destroyed on one side, the diseased
a n-a sometimes yields under the pressure of the blood, and thus may
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be formed an acute valvular aneurysm (Fig. 17 e). Later on
the segment may be broken through (Fig. 16 c d), and valvular

perforations and ruptures are then produced. Not infrequently
the diseased chordae tendineae are broken. The bacterial inva-

sion may penetrate deeply into the heart-muscle and into the wall

of the aorta, and lead to myocarditis and arteritis, with more or

less extensive ulceration. The ulceration often causes much loss

of substance, leading to aneurysmal bulging of the wall, and under
certain conditions to rupture. If at any time the thrombi or

shreds of disintegrated tissue become detached from the affected

areas, they are carried away as emboli by the circulating blood,
and are arrested in various organs, notably in the brain, spleen,
and kidney. Endocarditis is often associated with myocarditis;
the latter being caused by direct or indirect infection from the

blood (Art. 12).

The warty thombotic deposits are often referred to as endocarditic vege-
tations or efflorescences, though this term, at least in so far as it is applied to

the early stages of the process, is not strictly accurate
;
for at first there is no

true outgrowth from the endocardium (Art. 9). The term represents an opin-
ion formerly held and still maintained by some, that the warty elevations begin
as inflammatory swellings of the endocardium, that they consist chiefly of the

.swollen endocardial tissue, and that the thrombi which cover them are secondary
deposits.

As micro-organisms are found only in some of the so-called endocarditic

vegetations, it is still a subject of discussion whether all cases of endocarditis
are of bacterial origin. If we regard every thrombotic deposit and the associ-

ated proliferation of the underlying tissue (Arts. 7 and 9) as manifestations of

endocarditis, the question must be answered in the negative, for some of the
thrombi described as vegetations are not primarily due to the presence of bac-

teria, but are found in association with other changes of the endocardium.
In the present state of knowledge, it is better to reckon as cases of primary
acute endocarditis those affections of the endocardium only which are referable
to bacterial invasion.

Valvular perforations due to inflammation are not to be confounded with
fenestration of the valves. This latter condition is found not infrequently as
a congenital malformation, or as a consequence of loss of tissue in the neigh-
bourhood of the free margins of the semilunar valves. To distinguish between
the two conditions the difference in situation should be noted. Moreover signs
of inflammatory infiltration, or of fibrous thickening, appear around the open-
ings in the case of valvular perforations, but are absent in cases of fenestration.

9. When the lesion caused by the presence of the bacteria
has reached a certain stage, along with inflammatory infiltration

certain reparative processes are set up in the adjacent tissue.

These are chiefly indicated by the formation of germinal tissue

(Fig. 18 d), and afterwards of connective tissue. In the rela-

tively benign warty forms of endocarditis, the degenerative pro-
cesses extend over a small area only, and it seems that the bacteria
do not in this instance penetrate deeply. Very soon, beneath the
nodular or loosely fimbriated thrombotic deposit, the infiltrated and
growing endocardial connective tissue (Fig. 18 a 6) rises above
the surface, and by continued proliferation extends (^) into the
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substance of the thrombus (c e). Cases are occasionally met with
in which the fibrin of the thrombus has thus to a large extent given

place to connective tissue growing from below, or is traversed from
base to surface by strings of cells and fibrous strands. In this way
the original thrombotic deposit is displaced by an inflammatory

gramilomatous growth, and this is fittingly described as an endo
carditic vegetation.

In ulcerative endocarditis, in which the bacteria extend deeply
into the tissue and cause necrosis, the reparative process begins

only after loss of substance has taken place, and then starts in

the walls and floor of the ulcer. In other respects, however, the

FIG. 18. SECTION THROUGH AN ENDOCARDITIC VEGETATION.

(From the auricle : preparation hardened in alcohol, stained with haematoxylin : X 150)

a 6 endocardia! and subendocardial connec-
tive tissue, infiltrated with leucocytes

c the vegetation
d inflammatory growth rising above the

endocardial surface
e granular coagula

/ colourless denucleated protoplasmic
masses

g finely-granular masses ( ? micrpcocci)
h zone of transition between the inflam-

matory growth and the fibrinous
thrombus

process follows the same course as that just described, the only
points of difference being that the thrombotic deposits are larger,
the inflammatory infiltration more diffuse and more marked, and
the proliferation more abundant, than in warty endocarditis.

Small thrombotic deposits, provided they are not broken off

and carried away by the blood-stream, are as a rule entirely

replaced by connective tissue. Of the larger valvular thrombi

(Fig, 15 c), such as occur chiefly in ulcerative endocarditis, a con-

siderable portion often remains. This becomes shrunken and cal-

cified, and the affected valve is thereafter covered with an adherent
hard calcified and chalk-like deposit (Fig. 19 c, Fig. 20 6).
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These ulcerative processes, as well as the thrombotic deposits
and new connective-tissue growths (provided they remain attached

to the valve and attain an appreciable size), lead to deformities

of the valvular segments which interfere with their function, and

so give rise to the conditions known as stenosis (Fig. 21 e and

Fig. 20) and insufficiency or incompetence (Fig. 19 e, Fig. 20,

and Fig. 21 c e).

Stenosis of a valvular orifice is due mainly to thickening and

rigidity of the valves, from adherent and calcined thrombi (Fig.
19 c and Fig. 20 6), or to coherence of adjacent valvular seg-
ments (Fig. 21 cT). The thickened chordae tendineae (/) often

become adherent to the free margins of the mitral and tricuspid

FIG. 19. POSTERIOR SEGMENT OF THE MITRAL VALVE, WITH THICKENED AND CALCI-
FIED THROMBI, AND STENOSIS OF THE AURICULO-VENTRICULAR OPENING.

(Seen from the auricle : natural size)

a auricular wall c thrombus, partly calcified, partly organised
b thickened posterior segment e auriculo-ventricular opening

FIG. 20. THICKENED AND DISTORTED AORTIC VALVES.

(Seen from above, showing thickened segments, with extensive partly organised and
partly calcified thrombi : aortic stenosis: natural size)

transverse section of the aorta above the
valves

calcified thrombi in the sinuses of
Valsalva

valves, as well as to each other ; so that finally the valvular

apparatus is reduced to a rigid funnel, compressed from before

backward, and with only a narrow slit-like opening (Fig. 21 e*).

From the mutual coherence of the segments guarding the aorta or

pulmonary artery, and the presence thereon of calcified thrombi,
the orifice of the vessel becomes a mere inextensible slit, which

may be so narrow that a goose-quill can hardly be pushed
through it.
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Insufficiency arises chiefly from the shortening and deformity
of the valves (Fig. 21 c), and from the gradually increasing rigid-

ity of their tissue,' which prevents the close apposition of the

segments. Ulcerative destruction and rupture of the valvular

curtains and chordae tendineae may of course give rise in acute
I'ushion to insufficiency of the valve.

If the seat of the endocarditis be the parietal lining of the

FIG. 21. AORTIC INSUFFICIENCY AND MITRAL STENOSIS.

(Natural size)

a aorta
b pulmonary artery
c shortened and shrunken valves with

thickened walls
d mitral valve

e stenosed opening of the mitral valve

/ thickened, shortened, and coherent
chordae tendineae

g papillary muscle

heart, it leaves upon the affected area lustrous white indurated

thickenings, which usually lie on the surface, but in certain cases

radiate into the neighbouring muscular tissue. Diffuse or circum-
scribed thickenings may form upon the chordae tendineae.

In rare cases, the newly-formed connective tissue may undergo
cicatricial contraction, which leads to stenosis of the heart, or
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rather of the conus arteriosus of a ventricle. This condition is

apt to occur after foetal endocarditis, and affects most frequently
the right heart ; but it may supervene during extra-uterine life,

and is then found to involve the left ventricle.

With the replacement of a thrombus by connective tissue, and
its subsequent calcification, the progressive process in general
comes to an end, though in the interior of the thickened valves

changes which modify the structure of the new connective tissue

may for a long time continue to take place. Usually the tissue-

cells and the new blood-vessels diminish in number, the texture

becomes more dense, and hyaline degeneration, fatty changes, and
calcification often follow.

How long the virulent bacteria retain their vitality is not known,
but probably they are quickly destroyed. The appearance of new
deposits upon old thickenings of the valves is not always dependent
upon fresh settlements of bacteria. Very frequently these de-

posits are merely thrombi due to roughnesses or other superficial
alterations of the endothelium, or to some irregularity of the circu-

lation. Such formations are however of considerable importance,
inasmuch as they may lead to fresh proliferation, and this may
still further impair the efficiency of the valves.

The consequence of these affections of the valves is that the

circulation of the blood is impeded (Art. 6). The difficulty of

emptying the ventricles, and the regurgitation of the blood into

them, causes the vessels lying behind the diseased valve to be
overfilled and distended. In order to overcome the resulting
hindrance to the circulation hypertrophy of the heart-muscle

developes, beginning in that part of the organ which has to drive
the blood through the diseased valve.

References on Endocarditis.

BABES : Endocarditis Ann. de Vlnst. de Path, i Bucharest 1890
BIOXDI : Endocarditis in tuberculosis Cent./, path. Anat. vi (p. 105)
BiHCH-HiRSCHFELD : Tuberculosis of the heart Cent. f. allg. Path, n (p. 807)
vox BUHL : Perforation of the cardiac septa Z.f. Biol. xvi
CHARCOT and VULPIAN : Ulcerative endocarditis Gaz. med. de Paris 1865
vox DUSCH : Gerhardfa Handb. d. Kinderkr. iv
EBERTH: Diphtheritic endocarditis V. 4.571873; Mycotic endocarditis V. A.

72 1878; Bakteritische Mykosen Leipzig 1872
E. FRANKEL and SANGER : Aetiology of endocarditis V. A. 108 1887
HANOT : Tuberculous endocarditis A. gen. de med. 1893
HAUSHALTER : Endocarditis from pneumococci Rev. de med. vin 1888
HEIBERG : Ulcerat. endocard. with fungus-growth in the heart V. A. 56 1872

;

Der puerperale pyamische Process Leipzig 1873
HELLER : Bacterial (tuberculous) endocarditis V. A . 62 1874
HOWARD : Ulcerat. endocard. from Bacill. diphtheriae Johns Hopkins Hosp. Bullet.

1893
HUCHARD : Maladies d. coeur et d. vaisseaux Paris 1893
KOSTER: Embolic endocarditis V. A. 72 1878
KUNDRAT: Ulcerat. endocard. in cancer and tuberculosis Wien. med. Blatter

1885



ART. 9] REFERENCES ON ENDOCARDITIS 43

KUSNEZOW : Cardiac ganglia in endocarditis V. A. 132 1893
LANCEREAUX : Ulcerat. endocard. Gaz. med. de Paris 1862, A. gen. de me'd. 1873
VON LANDER: Vessels of the valves in valvular endocarditis V. A. 109 1887
LEDOUX and LEBAUD : Ulcerat. endocard. A. gen. de med. 1886
LKYDEN: Gonorrhoeal endocarditis D. med. jrock, 1893
LION % Essai sur les endocard. infectieuses Paris 1890
LITTEN: Z.f. klin. Med. 1881
MACKENZIE : Ulcerat. endocard. Trans. Path. Soc. xxxm London 1882
M.\ IKK. R. : Primary diphtheritic endocarditis V. A. (i'2 1874
MALVOZ : Parasitic tricuspid endocard. Rev. de med. vm 1888
MAYEK: Pulmonary endocarditis D. A.f. klin. Med. xxiv
MEIKK, R. : Ueb. Endocarditis ulcerosa Ziirich 1870
NAUWERCK : Parietal endocarditis D. A.f. klin. Med. 1883
NETTER and MARTHA : Vegetative ulcerat. endocard. in biliary affections A. de

physiol. xvin 1886
NETTER : Pneumonic ulcerat. endocard. A. de physiol. xvin 1886
OSLER : Malignant endocard. />. M. J. 1885
PONFICK : Cardiac ulcers V. A. 08 1873
RIHDERT: Experim. myo- and endo-carditis Fortschr. d. Med. 1886
ROLLET : Cardiac stenosis Wien. med. Jahrb. 1881
ROSNBACH : Theory of endocarditis D. med. Woch. 1887
SANSOM : Valvular diseases London 1886
TAFEL : Structure of endocard. vegetations Inaug. Diss. Tubingen 1888
TRIPIER: Tuberculous endocarditis A. de med. exp. n 1890
VERAOUTH : Normal and inflamed cardiac valves V. A . 139 1895
VIRCHOW : Puerperal endocard. Monatsschr. f. Geburtsk. 1858 ;

Ueb. die Chlorose

Berlin 1871
WEICHSELBAUM : Pathol. anat. of endocarditis Ziegler's Beitrage iv 1888

;

Aetiology of endocard. Cent. f. Bakteriologie n 1887
WILMS: Gonorrhoeal endocard. Munch, med. Woch. 1893
WYSSOKOWITSCH : Acute endocard. Cent. f. med. Wiss. no. 33 1885
WYSSOKOWITSCH and ORTH : Theory of endocarditis V. A. 103 1886
ZIEGLER : Structure of endocarditic vegetations Verh. Congr. inn. Med. vn 1888
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CHAPTER VI

MORBID CHANGES IX THE MYOCARDIUM

10. The myocardium is composed chiefly of cylindrical

muscle-cells, whose protoplasm is to a great extent differenti-

ated into transversely-striated fibrils; these fibrils are firmly
united together at their ends or by lateral branches, and are

surrounded by a connective tissue containing blood-vessels.

Pathological changes may take place both in the muscle-cells

and in the connective tissue, but they are more commonly met
with in the former structures than in the latter.

Atrophic and degenerative changes of the muscle-cells are

those that most frequently occur, and they are often the cause
of death. In such a case death takes place through paralysis
of the heart.

Simple atrophy of the heart-muscle is a frequent accompani-
ment of senile decay, and of premature marasmus due to malig-
nant disease, pulmonary tuberculosis, and other affections. It

is indicated by a decrease in the size of the muscle-cells, and
often also by a simultaneous increase of yellow pigment-granules
within them (Fig. 22), so that the atrophied heart-muscle acquires
a brownish colour, the condition being spoken of as

atrophy.
Fatty degeneration of the heart-muscle is apt to occur

course of various forms of poisoning, of infective

diseases, and of long-continued
fever ; also, and very frequently,
as a consequence of chronic gen-
eral and local anaemia, as in steno-
sis of the coronary arteries, and
of general disorders of the circula-

tion, as in valvular disease with

imperfect compensation and in

pulmonary emphysema, in which
the gaseous interchanges neces^

sary for the functional activity of
the blood are interfered with.

Histologically, fatty degeneration
is characterised by the appearance of small oil-globules in the
muscle-cells (Fig. 23); these are mostly arranged in rows, and

FIG. 22. BROWN
ATROPHY OF THE
CARDIAC MUSCLE.

( Teased prepara-
tion: X 3oO)

FIG. 23. FATTY
DEGENERATION OF
THE CARDIAC
CLE. (X350)



ART. 10] CARDIAC POLYPI 45

in extreme cases may pervade the entire cell. Marked fatty

change is indicated to the eye by the yellowish colour imparted
to the heart-muscle.

In chronic fatty degeneration of the heart, the change often

appears in patches, and gives rise to a yellowish mottling of the

tissue, which is generally most marked on the inner surface of

the heart-wall, the trabeculae, and the papillary muscles. The

mottling often recalls the grain of some fine cabinet wood or the

pattern of a delicately striated feather. When pigmentation
accompanies the fatty change the tint becomes yellowish-brown.

Granular and hyaline degeneration of the cardiac muscle,
often combined with cloudy swelling or fatty degeneration of the

muscular fibres, occur in the course of toxic affections and of the.

infective fevers (diphtheria, typhoid fever). They are also met
with in connexion with traumatic injuries, inflammations, and
local ischaemias (Art. 11). These forms of degeneration may,
under certain conditions, reach such an intensity that the muscle

presents a dull non-lustrous appearance and its section is of a

grey or yellowish tint. Hyaline or waxy degeneration may be
combined with segmentation or rather fragmentation of the con-

tractile substance of the muscle (as in diphtheria) ;
in such cases

the lines of rupture do not always seem to correspond with the

cell-boundaries.

In dilated hearts, whose substance is soft, flabby, and friable,

the muscle-cells are often loosened from each other, the indi-

vidual cells being then easily torn apart or actually separated by
transverse clefts (RENAUT); this change has been described as

segmentary myocarditis (myocardite seymentaire). The segmen-
tation or dissociation of the fibres is not the manifestation of any
definite form of heart-disease, but may occur under the most
varied conditions. It is found, for example, in persons who have
died from ischaemic softening or myomalacia (Art. 11), from cer-

tain forms of poisoning, and from infections, such as typhoid
fever, diphtheria, small-pox, pyaemia, and nephritis ; and in per-
sons who have died suddenly from violence. It is therefore

probable that the dissociation of the muscle-cells may take

place partly by reason of morbid changes in the muscles (hyaline

degeneration), partly from excessive stimulation of their fibres

leading to some perverted mode of contraction (VON RECK-
LINGHAUSEN). Thus in most cases the actual segmentation
probably takes place in articulo mortis, the degenerative change
not leading directly to the separation of the fibres, but only pre-

disposing them to rupture. According to DUNIN, when decom-

position sets in soon after death (owing to the spread of the

Bacillus coli within the body), the cementing substance of the

muscle-cells may speedily give way.
In hearts whose muscle is degenerate large thrombi are often

found, particularly in the auricular appendices and in the recesses
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between the trabeculae, whence, by continued deposition, they

grow forward into the cavity of the heart, and give rise to the

so-called cardiac polypi. In rare cases they form ball-like masses

detached from the surface of the heart.

HESCHL (Oente.rr. Z. f. prakt. Heilkunde I860") and ROTH (Corresp. f.

Schweizer Aerzte 1884) have described cases of partial calcification of the heart-

muscle, taking the form of whitish points and streaks. ROBIN and JUHEL-
REXOY (A. gen. de med. 1885) have described large calcareous deposits in

fibroid patches or cicatrices of the heart-wall.

According to LANCEREAUX, IWANOWSKY, PUT.IATIN (Morbid changes in

the cardiac ganglia in chronic diseases of the heart V. A. 74 1878), OTT (Nor-
mal and pathological relations of the cardiac ganglia Prag. Z. f. Heilk. ix

1888), and others, in persons who have suffered from chronic heart-disease,

degenerative changes and fibrous hyperplasia may be observed about the car-

diac ganglia in the septum, in the wall of the auricles, and at the orifices of the

aorta and pulmonary artery.

References on Atrophy and Degeneration of the Heart-muscle,

BROWICZ : Changes in the cement-substance of the muscle-fibrils V. A. 134 1893
ZUM BUSCH : The composition of cardiac thrombi and their relation to the ves-

sel-wall Inaug. Diss. Freiburg 1891
COMBA : Cardiac changes in experimental diphtheria Lo Sperimentale 1894

(with references)
CURSCHMAXX : Fatty degeneration from overstrain D. A. f. klin. Med. xn 1874
DUNIN : Causes of fragmentation of the cardiac muscle Ziegler's Beitrage xvi

1894
EICHHORST : Die trophischen Bezieh. d. N. vagi zum Herzmuskel Berlin 1879
EISEXLOHR : Changes in cardiac nerves and ganglia Munch, path. Arbeiten 1876
FAXTIXO : Myocardial changes after section of the extracardiac nerves Cent./.

med. Wiits. 1888
FRIEDREICH : Virchow's Handb. d. spec. Path, v 1867
GOEBEL : Fatty degeneration of the heart Cent. f. allg. Path, iv 1893 (with

references)
HAMILTON : Waxy degeneration Journ. of Anat. xvn 1883-84
HESSE : The heart in diphtheria Jahrb.f. Kinderheilk. xxxvi 1893
His and ROMHERG : Cardiac innervation Fortschr. d. Med. vm 1890
ISRAEL: Fragmentation of the myocardium V. A. 133 1893
KREHL : Idiopathic disease of cardiac muscle D. A.f. klin. Med. XLVIII 1891;

Fatty degeneration ibid. LI 1893
LEYDEX and MUNK : Die acute Phottphorvergiftung Berlin 1865
LIEBERMEISTER : Fatty degeneration in fever D. A.f. klin. Med. 1866
OESTREICH : Fragmentation of the myocardium V. A. 135 1894
PERLS : Fatty degeneration in oligaemia V. A . 59 1873
PONKICK: Fatty degeneration in oligaemia Berl. klin. Woch. 1873
RABOT and PHILIPPE : Acute diphtherial myocarditis A. de med. exp. in 1891
vox RECKLIXGHAUSEX and ZKNKER : Disorders of the myocardium Trans.

internal, med. Congr. n Berlin 1891
REXAUT : Chronic segmentary myocarditis Gaz. med. de Paris 1890
ROMBERG : The cardiac muscle m typhoid, scarlatina, and diphtheria D. A.f.

klin. Med. XLVIII 1891
SCHEMKN: The cardiac muscle in pharyngeal diphtheria V. A. 121 1890
TEDESCHI : Fragmentation of the myocardium- V. A. 128 1892
UNRUII: Myocarditis in diphtheria Jahrb.f. Kinderheilk. 1883
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11. Myomalacia cordis is the name given to softening of

the cardiac muscle consequent on arterial anaemia or ischaemia, the
commonest causes of the ischaemia being sclerosis, atheroma, calci-

tication, and thrombosis of the coronary arteries and their branches ;

more rarely it may be due to embolism of these arteries.

The appearance of the areas of softening differs according to

their age and the amount of blood contained in them. Shortly
after the occurrence of the ischaemia the patches are still firm, and

appear only as dull yellowish discolorations of the heart-muscle.
After a time they become softened and friable, and assume a yel-
lowish-white tint ; sometimes, if the substance has already soft-

ened, the cut surface of a cross-section sinks in so as to become
concave.

If, in consequence of the obliteration or occlusion of the

arteries, an extravasation of blood takes place from the capillaries,
a haemorrhagic infarct is

pro'duced. The inlarcted

area is at first either uni-

formly dark-red, or mottled
with dark-red, brown, and

yellow. It may be yellow
in the middle and red at the

border. After a time it

may become greyish-yellow,

greyish-brown, or even of a

rusty tint. Later on both
the anaemic and the haemor-

rhagic areas take on a grey-
ish translucent appearance,
and the surface retracts

when cut.

The areas of softening
are found most frequently
in the left ventricle, espe-

cially near the apex on the

anterior or posterior wall.

Occasionally they are found
in other places, such as the
wall of the right ventricle

or of one of the auricles,

though they are very seldom
found in the latter situa-

tion. In rare instances the

papillary muscles may be
the seat of softening ; under
certain conditions indeed an entire papillary muscle may be con-
verted into a friable yellowish mass, more or less infiltrated with
extravasated blood. If the softening extends to the endocardium,

FIG. 24. RUPTURE OF THE HEART ix ARTERIO-
SCLEROTIC MYOMALACIA.

branch of the left coronary artery, the lumen
of which has been closed by sclerotic and
thrombotic changes

point of rupture
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thrombi are usually formed over the spot, in the shape of flattened

superficial deposits or of polypoid coagula.
If the area of softening is extensive, and involves the whole

or nearly the whole thickness of the heart-wall, rupture of the

heart may result (Fig. 24 6), and blood escapes into the pericar-

dial sac. The rent is usually jagged and irregular,
The tissue-changes underly-

ing the varying appearances of

the softened patches are partly

retrogressive and partly con-

structive in their character. The
~T~jt'* SB B9BB3r?v,

original ischaemia brings about

the destruction of numbers of

muscle-cells, and consequently
in the yellowish-coloured areas

can be detected muscle-fibres in

different stages of degeneration
and disintegration (Fig. 25 6),

whose fragments ultimately break

down into granular detritus (<?).

In the case of small lesions, after

the disintegration of the muscle-

cells the process may come to an
end ;

in other cases further

changes take place in the con-

nective-tissue elements. These

changes are indicated by the fact

that the cell-nuclei here and
there no longer stain well with

reagents (^), while granular de-

posits appear on the pale and lus-

treless connective-tissue fibrils.

In those cases in which

haemorrhage is associated with
the destruction of the muscular

tissue, we find blood-corpuscles
both in the meshes of the connective tissue and taking the place of

the disintegrated muscular elements. These corpuscles are partly
intact, and partly degenerate. Later on pigment-granules are

found in the tissues. In cases of rupture of the heart the cardiac

wall in the neighbourhood of the rent is infiltrated with blood.

Inflammatory exudations very soon supervene upon the tissue-

necrosis and haemorrhagic extravasation, and regenerative pro-
cesses start from the connective tissue of the neighbouring parts.
The proliferation leads to the formation of granulation-tissue,
with the production of new vessels, while the products of disin-

tegration of the tissue and of the blood are partly dissolved and

partly taken up by the cells themselves. Presently the inflam-

FKI. 25. MYOMALACIA CORDIS.

(Section through a degenerating muscu-
lar bundle : preparation hardened in
Miiller's fluid : stained with haema-
toxijlin and carmine, and mounted in

glycerine : X 250)

a transverse section of a normal
muscle-cell

b disintegrating muscle-cell
c muscle-cell resolved into granular

detritus
d connective tissue devoid of nuclei

e nucleus of normal muscle-cell

e\ swollen nucleus



ART. 11] sc U:UOS1S OF THE HEART 49

mation, whose presence is indicated chiefly by the infiltrated

leucocytes, subsides ;
the granulations are converted into con-

nective tissue, which in the course of time contracts and becomes

denser, and a fibroid cicatrix is produced (Fig. 20 c and Fig.
27 a 6). This may be recognised by the naked eye as a dense
whitish scar-like patch, and is termed a fibroid induration or

sclerosis. No regeneration of the disintegrated muscle takes

place within the region occupied by the scar. The muscular
fibres sometimes found within the cicatricial tissue are merely
pre-existing fibres that have escaped destruction.

SA^?j^Ww6aMy

FIG. 26. FIBROID INDURATION OF THE HEART.

(Section through a fibroid trahecula ; haeinatoxylin staining : X 40)

a endocardium
6 transverse section of a normal mus-

cle-cell

c hyperplastic connective tissue rich
in cells

d atrophied muscle-cells amid hyper-
plastic connective tissue

e dense connective tissue with few nu-
clei and no muscle-cells

/ vein surrounded by a few intact mus-
cle-cells

>:

small blood-vessels
cellular infiltration

Small areas of softening naturally leave behind them small

patches of sclerosis, which lie hidden in the muscle, giving rise to

no perceptible thinning of the wall, and causing no important
disturbance of the function of the heart. They are therefore of

importance only when, through the successive closure of many
small arteries, their number is so increased that the cardiac muscle
is at length studded with innumerable small patches of fibroid

degeneration.
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It not infrequently happens, however, that the area of ischaemic

softening, and of the resulting sclerosis, reaches considerable dimen-

sions (Fig. 27 a 6). This most commonly occurs in the neigh-
bourhood of the apex on the anterior wall, less frequently in the

posterior wall, of the left ventricle, and on the interventricular

septum, where the cicatrices sometimes involve the greater por-
tion of the wall of the ventricle (a A). That the process chiefly

a 1)

. FIG. 27. THROMBOSIS WITHIN THE HEART.

(Resulting from fibroid induration and aneurysmal bulging of the cardiac wall: two-
thirds natural size)

a sclerotic patch with thickened endocardium
b libroid induration of the myocardium
c thrombus

affects this region is due to the fact that the descending branches
of the coronary arteries (Fig. 28 a) are here especially apt to be
constricted and occluded.

If a large portion of the heart-muscle is converted into cica-

tricial connective tissue, a partial bulging of the cardiac wall may
occur, due to the blood-pressure upon the sclerotic area (Fig. 27 b

and Fig. 28 6) ; in this way is formed a partial cardiac aneurysm,
corresponding to the area of the fibroid induration. These aneur-
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ysms are most frequently found in the anterior wall of the left

ventricle above the apex ; they may also be found in the posterior
wall of the ventricle, or in the septum ventriculorum. In the
latter situation they project toward the right side of the heart.

As a rule these aneurysmal pouches are small, reaching about the
size of a walnut ; but in some cases they attain a considerable

magnitude, and lead to incomplete emptying of the blood from the
ventricle and to the formation of thrombi upon the internal surface
of the depression (Fig. 27 <?).

In certain conditions the tis-

sue of the sclerotic area may
become calcified (ROBIN).

Haemorrhages not de-

pendent upon the obstruc-

tion of arteries rarely occur
in the cardiac muscles.

Thy are however met with
in patients who have suffered

from extreme venous en-

gorgement (as in suffoca-

tion), and associated with
various infective diseases,
with leukaemia and anaemia,
with haemorrhagic purpura
(morbus maculosus Werlhofii),
and with poisoning by phos-
phorus, arsenic, morphine,
etc. Much more frequently,
in the last-named condi-

tions, small ecchymoses and

large suggillations are to be
found in the endocardial and
sub-endocardial as well as in

the epicardial and sub-epi-
cardial tissues. If the patient
does not die, the blood ef-

fused is absorbed.

In rare cases, partial cardiac aneurysms fall under observation which
have not been preceded by fibroid degeneration of the cardiac wall. They are
found most frequently in the membranous portion of the septum ventricu-

lorum, which bulges in the direction of the right heart and occasionally even

ruptures. Writers on the subject attribute the abnormal stretching of the pars
membranacea to increased pressure in the left ventricle, to traction exerted by
the tricuspid valve, or to atheromatous and inflammatory changes in the sep-
tum. More rarely aneurysms of the right and posterior sinuses of Valsalva are

observed; these bulge toward the right heart, and occasionally rupture. In

vey rare cases cardiac aneurysms are met with elsewhere, which are caused

by congenital local thinning of the heart-wall. Hernial protrusions of the
endocardium between the muscular fascicles of the cardiac wall are of the
nature of congenital malformations.

FIG. 28. PARTIAL CARDIAC ANEURYSM.

(Resulting from arterio-sclerotic myomalacia
andfibroid induration)

a coronary artery, with thickened intima
and contracted lumen

6 aneurysm
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References on Myomalacia, Fibroid Induration, and Aneurysms of

the Heart (see also Art. 12).

BKCK : Rupture of the heart and chronic cardiac aneurysm Ziegler's Beitrage

n 1888
BOTTGKK : Spontaneous rupture of the heart .4. d. Heilk. iv 1863

BUDOR : Obliteration d. arteres cardiarjues et lesions du myocarde Paris 1888

HniKK : Effect of coronary disease on the heart V. A. HJ) 1882

HUCIIARD: Maladies du coeur et des vaisseaux Paris 1893

KOLSTER: Myomalacia cordis Skandinaviskt Arkiv iv 1892

LKYDKN: Coronary sclerosis and its effects Z. f. klin. Med. in 1884; D. med.

Woch. 1885
MKYEU, G.: Spontaneous rupture of the heart D. A.f. klin. Med. XLIII 1888

XICOLLE : Les (/ramies scleroses cardiaques Paris 1390

PERXICE: Aortic atheronia and myocardial sclerosis A. p. le scienze med.yii

1887

QUAIX: Fatt if
disease of the heart London 1885

ROIHN and JuHEL-RKNOY : Calcareous degeneration of the heart A. gen. de

med. 1885
STEVEN: Fibroid degeneration Journ. of Path, n 1893

VITI : Sclerosis of the myocardium .1. ital. di din. med. n 1890

"\VKIGKKT: Pathological coagulative processes V. .1. 79 1880

WILKS and Moxox: Pathol. Anatomy London 1875
ZIEULER: Causes of contracted kidney D. A. f. klin. Med. xxv 1879; Myo-

malacia cordis V. A. 90 1882

12. Inflammation of the cardiac muscle, or myocarditis,
other than the secondary myocarditis due to ischaemic necrosis

(Art. 11), is caused chiefly by infective or toxic agencies. In

these cases the irritant, having reached the endocardium or the

pericardium, penetrates into the underlying tissue, or is brought
to the muscle through the blood-vessels. Traumatic injury of

the heart-wall may also result in inflammation.

Purulent myocarditis occurs in connexion with pyaemic
infection, and is caused by micro-organisms, which eithec attack

the myocardium directly from the endocardium, or are brought to

it by the blood-channels (Fig. 29 a). Even in the latter case,

however, an ulcerative endocarditis is frequently the starting-point
of the bacterial invasion, though the condition may occur as the

result of a general infection of the blood. So far as is known, the

micro-organisms that are brought to the heart-muscle in the blood

are the same as those found in endocarditis, and as a rule they
also find their way to other organs, such as the kidneys. These

micro-organisms usually come from suppurating wounds or from
other seats of bacterial invasion, though in some instances they
gain access to the body without leaving any recognisable traces at

their point of entrance. When in some such manner multitudes
of bacteria (chiefly micrococci) reach the heart-muscle, the affected

person may succumb speedily, and at the autopsy the cardiac wall
is seen to be beset with numerous small opaque greyish-yellow
spots, which represent bacterial colonies. Within these the muscle
is degenerate or completely destroyed, and in general some degree
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of inflatnmatory infiltration of the tissue has already taken place

(Fig. 29 a b). If death does not occur for some time yellowish-
white accumulations of pus may be found in the affected areas

;

and when the patient has survived for a longer period abscesses

may be formed. Small deposits of pus may be re-absorbed, and
leave scars or calcareous residues. Larger abscess-like accumu-
lations generally burst into the heart or the pericardium, if the

patient survive so long, or the whole wall may give way and
cause rupture of the heart.

FIG. 2J. MYCOTIC MYOCARDITIS.

(From a cas of puerperal parametritis : preparation hardened in alcohol, stained with

gentian-violet and vesuvin, and mounted in Canada balsam : X 300)

a intravascular colonies of Staphylococcuft
b cellular infiltration

transverse section of muscles
intermuscular connective tissue

Indurative myocarditis, leading to the formation of scleroses,
when it is not a consequence of ischaemic softening (Art. 11), is

likewise caused by specific infections and intoxications (often by
those of diphtheria, scarlet fever, typhoid fever, small-pox, and

pneumonia) ; it may also be the terminal stage of an infection

due to pyogenic micrococci, as these microbes do not invariably
set up suppuration. The bacterial poison acts partly by causing
degeneration of the muscle-cells (Art. 10) and partly by inducing
alterations in the vessel-walls, leading to the formation of inflam-

matory infiltrations, in which connective-tissue proliferation may
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later on take place. If a considerable portion of the muscle per-
ishes in this way, cardiac scleroses are ultimately formed wftich

are similar to those found after ischaemic softening (Art. 11).

They are usually however of small size, and form mere specks
or streaks of scar-tissue. Should they attain any considerable ex-

tent, they are commonly combined with fibroid thickenings of the

endocardium. They rarely give rise to the formation of cardiac

aneurysms.
In hearts that have undergone morbid changes as the result of

antecedent endocarditis, scattered areas of sclerosis may often be

found in large numbers. These are situated in the subendo-

cardial tissue, or in the cardiac muscle itself. Consequently it

may be assumed that the injurious agencies which induce endo-

carditis affect also the myocardium, giving rise in it to inflam-

mation, muscular degeneration, and fibrous hyperplasia. Slight

degrees of inflammation, from infection or poisoning, may be re-

covered from without giving rise to loss of muscular substance or

to indurative changes.
Wounds of the myocardium, if they remain aseptic, heal by

proliferation of connective tissue, and cicatrices are thus formed
in the muscle. No regeneration of muscular tissue, or at most a

very slight regeneration, takes place. The first results of trau-

matic injury here, as elsewhere, are haemorrhage and inflammatory
reaction.

References on Myocarditis and Wounds of the Heart (see also

Arts. 10, 11).

BARD and PHILIPPE: Chronic interstitial myocarditis Rev. de med. xi 1891
BEKEXT: Healing of cardiac wounds Inaug. Diss. Kb'nigsberg 1892
BOXOME : Healing of aseptic cai'diac wounds Ziec/ler'.-* Beitrage v 1889
HKSSE: The heart in diphtheria Jahrb.f. Kinderheilk; xxxvi 1893
His: Insufficiency of the heart-muscle Corresp.f. Schweizer Aerzle 1892; The

heart in gonorrhoea Arbeiten <l. med. Klinik Leipzig 1893
HUGUEXIN: Diphtherial myocarditis Rev. de med. vin 1888; La myocardite

infectieuse diphtherique Paris 1890
KELLE: Primary chronic myocarditis D. A.f. klin. Med. XLIX 1892
KOCH : Mlttheil. a. d. Gesundheitmnnte Berlin 1881
KOSTKR: Ueber Myocarditis Bonn 1888
KKEHL : Pathology of valvular defects D. A.f. kiln. Med. XLVI 1890
LEYDKX : Diphtherial myocarditis Z.f. klin. Med. iv and D. med. Woch. 1882
MAKTIX: Pathogeny of cardiac scleroses Rev. de med. 1883
MARTIXOTTI : Leferite del cunre (wounds of the heart) 1888
RABOT and PHILIPPE: Diphtherial myocarditis A. de med. exp. 1891
ROM BERG : Myocardial affections in typhoid, scarlatina, and diphtheria D. A.f.

klin. Med. XLVIII, XLIX 1891-92
ROTH : Cardiac abscess V. A. ;}8 1867
ROTHSCHILD : The origin of cardiac scleroses lna,uq. Dins. Freiburg 1890
WAGXER, E. : Myocarditis A. d. Heilk. 1861
WUNDERLICH and WAGNER : Inflammation of the left auricle ibid: 1864
ZEMP : Wounds of heart and aorta Inaug. Z)m. Zurich 1894
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CHAPTER VJI

INFECTIVE GRANULOMATA, TUMOURS, AND PARASITES OF
THE HEART

13. Tubercle is the commonest of the infective granulomata
affecting the heart. In acute miliary tuberculosis the heart does
not always escape the general invasion, the tubercles being usu-

ally found beneath the endocardium of the right ventricle. Large
caseous nodes, and diffuse fibroid and caseous inflammatory areas,
are not of frequent occurrence, and when present are usually
associated with chronic tuberculous pericarditis ; it is but rarely
that they are limited to the myocardium or the endocardium.

Syphilitic gummata are very rare. They lie in the heart-

wall embedded in dense hyperplastic fibrous tissue, and according
to their stage of development appear as soft grey or greyish-red
patches or as dry caseous yellowish nodes, which may break
into the cavities of the heart. Simple inflammatory indurations
of the cardiac muscle occur somewhat more frequently, as a con-

sequence of inherited or acquired syphilis; though some of the
lesions which are described as syphilitic inflammations should
rather be classed with the arterio-sclerotic indurations (Art. 11).

Syphilitic inflammation of the valves is very rare. In hereditary
syphilis gummatous masses are very rarely found in the heart,

fatty degeneration of the muscles being a more frequent lesion.

In actinomycosis of the lungs and of the mediastinum the

specific infection may attack the pericardium first and then the

myocardium. It leads to the formation of greyish granulations,
which afterwards become fatty and yellowish-white in colour and
sometimes suppurate.

Among the primary tumours met with in the heart are sar-

coma, lympho'sarcoma, fibroma, lipoma, myxoma, and rhabdomy-
oma. These form nodular or polypoid growths that extend into
the cavities of the heart. They are all rare. Some of the cardiac
tumours described are of congenital origin.

Secondary tumours, especially carcinomatous growths, are
found somewhat more frequently. The cancer-germs, other than
those which penetrate to the heart-wall from the pericardium,
reach the muscle by way of the circulation. The growths may be
found in the midst of the cardiac muscle, or near its inner or
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outer surface. In the latter case they are apt to protrude into

the cardiac or the pericardial cavity.
Tumours also attack the heart by extension from neighbouring

parts, such as the mediastinum, the oesophagus, the stomach, and

the lungs.
The effect of such tumours on the heart naturally varies with

their size and situation. Large growths may lead ultimately to

inefficiency of the heart's action. Thrombi readily form upon
tumours which project into the internal cavities. Softening and
ulceration of new growths may lead to rupture of the heart.

Of parasites Cysticercus and Echinococcus are met with in the

heart. Echitiococcus (hydatids) may lead to rupture of the heart,
and by bursting into its cavities give rise to embolism of the sys-
temic or pulmonary arteries.

References on Tuberculosis and Syphilis of the Heart.

CURSCHMAXX : Cardiac syphilis Arbeit, d. med. Klinik Leipzig 1893
DKMME : Cardiac tubercle Ber. Jenner'schen Kinderspitals Berne 1887
EHRLICH: Syphilis Z.f. klin. Med. i 1880
GRAFFXER: Valvular gumma D. A. f. klin. Med. xx 1877
GRENVOULLER : Cardiac syphilis These Paris 1878
KOCKEL: Cardiac syphilis Arbeit, d. med. Klinik Leipzig 1893
LAXCEREAUX: Traile de la syphilis 1873
LANG: Path. u. Therap. d. Syphilis i Wiesbaden 1885; Syphilis d. Herzens

Vienna 1889
LEYDEX : Tuberculosis D. med. Woch. 1895-96
MRACEK: Cardiac syphilis A.f. Dermal, suppl. 1893 (with references)
OPPOLZER : Rupture of a guinma into the heart Wien. med. Woch. 1860
POLLAK: Tuberculosis of the myocardium Z.f. klin. Med. 21 1892 (with ref-

erences)
vox RECKLIXGHAUSEX: Myocardial tubercle V.A. 16 1859
SAXGER: Myocardial tuberculosis A. d. Heilk. xix 1878
TEISSIER: Syph. endocarditis and myocarditis Ann. de dermal, et de syph. 1882
TRIPIER: Tuberculous endocarditis A. de med. exp. 1890
VIRCHOW: Krankh. Geschwiilste n; V.A. 35 1866
WALDEYER: Myocardial tuberculosis V. A. 35 1866

References on Tumours of the Heart.

ALBERS: Lipoma V. A. 10 1856
BAXTI : Lipoma Lo Sperimentale 1886
BERXET: Lipoma V. A. 41 1867
BERTHEXSOX: Primary tumours of the heart A. de med. exp. v 1893, and

V. A. 132 1893 (with references)
CZAPEK : Primary cardiac tumours Prag. med. Woch. 1891 (with references)
FRAXKEL, E. : Primary sarcoma Festschrift 2. Eroffh. alia. Krankenhaus. Ham-

burg 1889
JURGEXS: Priinary cardiac tumours Berl. klin. Woch. 1890
KAXTZOW : Myoma V. A . 35 1866
KOLISKO: Congenital myoma Wien. med. Jahrb. II 1887
MARTIXOTTI: Tumours of the heart Gaz. delle Clin. 23 Turin 1886
vox RECKLIXGHAUSEN: Myoma Monatsschr. f. Geburtsk. xx 1862
RIEDER: Rhabdomyoma Jahrb. Hamburg. Staatskrankenhauses i Leipzig 1890
SALVIOLI: Myxoma Rivista din. di Bologna 1878
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SKRZECZKA: Anjjfioma V. A. 11 1857
TEDESCHI: Cardiac tumours Prag. med. Woch. 1893 (with references)
VIRCHOW: Myxoma Charite-Ann. vi; Myoma V. A. 301864
WAGNER: Sarcoma A. d. Heillc. vi 1865
WALDVOGEL : Fibrom d. Herzens Gbttingen 1885
WiEtiAND: Myxoma Oesterr. med. Woch. 1876
ZANDER : Fibroma V. A . 80 1880

References on Parasites of the Heart.

BUDD : Hydatid Med. Times and Gaz. xvn London 1858
DAVAINE : Entozoaires Paris 1877
GOODHART : Hydatid Trans. Path. Soc. xxvn London 1876
GRIESINGER: Echinococcus A.f.physiol. Heilk. v 1846
MOSLER: Echinococcus Z.f. klin. Med. vi 1883
MOXON : Hydatid Trans. Path. Soc. xxi London 1870
OESTERLEN : Echinococcus in the heart V. A . 42 1868
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CHAPTER VIII

MORBID CHANGES IN THE PERICARDIUM

14. The pericardium is one of the serous membranes, that line

the body-cavities and mark them off from the contiguous organs
and tissues. On its inner surface it is covered with flattened

endothelial cells, resting upon a stratum of connective tissue.

Normally it is a closed sac, in which the heart is as it were invag-

inated, and contains within its cavity from 5 to 20 cubic centi-

metres or more of a clear liquid.

Occasionally it is found that the pericardium is more or less

defective. The defects occur most frequently in cases of ectopia ;

it is only in rare cases that they are unaccompanied by other mal-

formations. Cases are recorded in which the pericardium was

entirely wanting, or reduced to a mere fringe at the base of the

heart. Sometimes there may be a hole on the left side, which
allows the apex of the heart to project into the left pleural cavity.
Diverticula of the pericardium are very rare.

In cases of venous engorgement the superficial veins of the heart

are often markedly overfilled, and after long-continued venous ob-

struction they may become abnormally distended and varicose.

In extreme venous hyperaemia, such as occurs in suffocation,

haemorrhages are often observed in the neighbourhood of the

minor epicardial vessels, in the form of small dark-red ecchymoses.
These are often present in large numbers, especially over the base

of the heart. Similar ecchymoses also occur in phosphorus-poison-

ing and in certain infective disorders, as well as in scurvy, purpura,
leukaemia, and anaemia. They may under certain conditions

reach a large size.

In cases of rupture of the heart, of the first part of the aorta or

pulmonary artery, or of the branches of the coronary arteries, large

quantities of blood may accumulate in the pericardial sac, producing
the condition which is known as haemo-pericardium. Haemor-

rhages often occur in the pericardial cavity from the rupture of the

new blood-vessels formed in the course of inflammatory processes ;

in this case the blood is usually mixed with liquid exudations.
In chronic venous engorgement the pericardial sac is sometimes

the seat of passive dropsy, and may then contain a very large

quantity of liquid, which markedly distends the sac and pro-
duces a condition referred to as hydro-pericardium.
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References on Malformations of the Pericardium.

BRISTOWE : Pericardial diverticulum Trans. Path. Soc. xx London 1869
CHIARI : Absence of parietal layer Wien. med. Woch. 1880
C-OK.V: Pericardial hernia and diverticula Boll. <l. scienze med. xv Bologna 1886
FAHER : Absence of the pericardium V. A. 74 1878

15. The most important affection of the pericardial sac is the

inflammatory lesion known as pericarditis. This manifests itself

in different ways. In the majority of cases it is of haematogenous
origin, in other words the

exciting agent is brought
to the pericardium by the

blood, as in pericarditis

accompanying acute artic-

ular rheumatism, small-

pox, scarlatina, nephritis,
etc. In other cases the in-

flammation begins in the

mediastinum, in the lungs,
in the pleura, in the me-
diastinal or peribronchial

lymph-glands, in the

oesophagus, in one of the

neighbouring organs of

the abdominal cavity, or

in the heart itself, and
from these extends to the

pericardium. Among the

micro-organisms which
cause pericarditis are the

pyogenic micrococci, the

diplococcus of pneumonia,
and the tubercle-bacillus ;

but the presence of micro-

organisms cannot be de-

monstrated in all cases of

pericarditis.
In the less severe forms

of inflammation the peri-
cardial liquid increases

somewhat in quantity, and
becomes slightly turbid.

The turbidity is due to extravasated leucocytes and desquamated
endothelium. These changes are, however, rarely the only ones

observed, as the pericardium is specially liable to the formation
of fibrinous exudations. Minute fibrinous coagula usually make
their appearance, and when the inflammation is slight cohere into

FIG. 30. CUR VILLOSUM.
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small granules. These granules are deposited upon the peri-

cardium, and give rise to a cloudiness of its surface, which is

rendered very obvious by scraping the heart with the blade of a

knife. The fibrinous masses are partly granular and partly hya-

line, the underlying endothelium being usually converted into

denucleated flakes or plates. The deposits are found chiefly on

the epicardium, and generally upon the posterior wall of the ven-

tricles ;
in other cases they are spread over the entire surface of

the heart. Even in these slighter forms, therefore, the peri-

carditis is a sero-fibrinous inflammation.

If the inflammation be somewhat more severe, a large amount
of fibrin is deposited upon the surface of the pericardium.
Here and there occur large and protuberant tenacious masses of

fibrin, of a whitish
f ..d&L -. .<!>. colour, the super-

ficial strata of

which are shaggy,
reticulate, or cor-

rugated, a condi-

tion known as cor
villosum (Fig.

30). Frequently,
from the presence
in them of extrav-

asated red blood-

corpuscles, these

deposits of fibrin

are reddish in

colour.

The amount of

exuded liquid
found in the peri-
cardial sac varies

at different pe-
riods in the course

and sometimes in-

it often happens

FIG. 31. ADHESIVE PERICARDITIS.

(Preparation hardened in Mailer's fluid, stained with haema-
toxylin and neutral carmine, and mounted in Canada
balsam : X 150)

the epicardium
fibrinous membrane overlying it

dilated and congested blood-vessels

leucocytes infiltrating the tissues

lymph-vessels filled with cells and coagula
formative cells within the deposit

of the inflammation, being sometimes large
considerable. If the quantity is not- great,
that the deposits of fibrin upon the two contiguous surfaces of

the pericardium cohere, and thus give rise to more or less firm

adhesions.
In the first stages of the inflammatory process the pericardial

connective tissue (Fig. 31 a) is more or less infiltrated with leuco-

cytes (cT), the lymph-vessels (e) are filled with exudations, and
the blood-vessels (c) are distended with blood. From the third

to the fourth day numerous vascular buds and loops appear upon
the surface of the pericardium ; these penetrate into the deeper
layers of the fibrin, and are quickly converted into blood-vessels

containing blood. At the same time large formative cells appear
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in the deeper layers of the fibrinous deposit, together with nume-
rous leucocytes (/). The formative cells are round, club-shaped,

spindle-shaped, or branched, and are disposed in layers. By the

mutual apposition and cohesion of these cells a germinal cellular

tissue is formed (plastic or adhesive pericarditis).
In the course of the next few weeks a highly vascular granu-

lation-tissue (Fig. 32 d) is formed, which encroaches on and

penetrates the deposited fibrin (c), ultimately causing it to dis-

appear. In this

way the fibrin is

at length replaced

by new-formed cel-

lular tissue, and
this in turn is con-

verted into cica-

trioial connective

tissue.

If the exuda-
tion be scanty, and
the newly-formed
tissue be confined

to definite areas,

the process results

in the formation
of lustrous whitish

fibroid patches up-
on the surface of

the heart. Such
areas are usually
described as milk-

spots, or maculae
tendineae. At times

only a single spot
is formed ;

in other
cases the entire

surface of the ven-

tricles, of the auri-

cles, and of the

large blood-vessels

is covered with

spots of various sizes,

tween the visceral and
often formed here and

Fio. 32. GRANULATIOR-TISSUE FORMED WITHIN A FIBRI-
NOUS PERICARDITIC DEPOSIT OF SOME WEEKS* DURATION.

(Preparation hardened in Mailer's fluid, stained with hae-

matoxylin and eosin, and mounted in Canada bal-

sam: X 45)

a epicardium b deposit upon the epicardium, composed
of granulation-tissue d and fibrin c

Filamentous or stringy adhesions be-

parietal layers of the pericardium are

there, and thread-like processes are

sometimes found attached to the milk-spots. These are to be

regarded as the ruptured remains of former adhesions to the

opposite pericardial wall.

If the amount of fibrinous exudation thrown out in the course

of the pericarditis be very considerable, and if the inflammatory
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process and the associated formation of new tissue continue for

any length of time (Fig. 32 5), the superficial deposits and the

fibrous adhesions between the layers of the pericardium become

very numerous, and the process is then usually referred to as adhe-
sive pericarditis, a term that is of course also applicable to the

more circumscribed adhesions just described. With the increase

in the number and density of these fibrous adhesions, the peri-
cardial sac grows smaller and smaller, until at length complete
coherence, or concretio pericardii, leads to entire obliteration

of the pericardia! cavity.
In the majority of cases the whole of the liquid and solid

exudation is re-absorbed, though here 'and there remnants of

fibrin may remain behind as dry caseous deposits, which later

on undergo calcification. The newly-formed connective tissue

may also become more or less infiltrated with calcareous salts,

forming hard plates and scales, which in certain cases surround
the heart as with a coat of mail.

In mild cases of pericardial inflammation, the neighbouring
parts remain unaffected, provided they themselves have not been
the starting-point of the inflammation. In severe inflammations
the pleura and the tissues of the mediastinum may be involved

in the process, and thus adhesive pleurisy, with indurative medi-

astinitis, is set up. These lead to the formation of pleural adhe-

sions, and to fibroid thickening of the mediastinal tissue.

The pericardial inflammatory process may, in certain circum-

stances, assume from the outset a purulent or sero-purulent char-

acter ; and we have thus a purulent or a sero-purulent pericar-
ditis. This occurs as a rule in connexion with pyaemic infection,

or by extension from pleural and mediastinal suppurations or
from ulcerative processes affecting the bronchial lymph-glands,
the oesophagus, the stomach, etc. Under similar conditions, and
in cases of rheumatism, nephritis, etc., fibrino-purulent pericar-
ditis is occasionally met with, the exudation being turbid with

pus-cells and yellowish-white flakes composed of pus and fibrin.

If the patient does not die, the process terminates by the re-

absorption of the exuded matters. This is accompanied by the
formation of new connective tissue, which issues in thickening
and adhesion of the pericardium. Purulent exudations may in

like circumstances become inspissated and then undergo calcifica-

tion. Very extensive suppuration of the pericardial tissue itself

is rare ; but on the other hand the suppurative process often

spreads by continuity to neighbouring tissues.

By the rupture of ulcers of the oesophagus and of the stomach,
as well as by traumatic laceration of the pericardium, air may
enter its cavity, a condition described as pneumo-pericardium.
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Reference* on Pericarditis.

BAMBERGER: Wlen.med. TVoch. 1872
BANTI : Aetiology of pericarditis D. med. Woch. 1888

;
Uraemic pericarditis

Cent./, ally. "Path, v 1894
BAUER : Diseases of the pericardium Ziemssen's Cyclop, vi 1876
CERF : Pericardial adhesions Inaug. Digs. Zurich 1875
FEIERABEND: Calcification Wien.med. Woch. 1866
(lot LD : Calcification Trans. J'ath. Soc. xxvin London 1877
GUTTMAXX: Berl. kiln. Woch. 1880
MULLER: D. A.f. klin. Med. xxiv
NEUMAXX : A.f. mikrosk. Anat. xvm
RIEOEL: Gerhardfs Handh. d. Kinderkr. iv
ZAIIX : Purulent pericarditis V. A. 7'2 1878

16. Among the infective granulomata of the pericardium
tuberculosis is the most common. This condition is usually due
to tuberculous infection of the neighbouring organs, the lungs,
the* pleurae, or the peribronchial and mediastinal lymph-glands.
Tubercle-bacilli may however reach the pericardium by way of

the circulation also.

Slight degrees of infection are indicated by the formation of

grey tubercles, which are usually to be found on a part only of

the inner surface of the pericardium. The area around the

tubercle is generally hyperaemic ; and not infrequently a delicate

gelatinous cellular tissue, traversed by newly-formed vessels, is

there produced. The pericardial liquid is usually more or less

increased in quantity and is at times blood-stained. From rup-
ture into the pericardium of neighbouring caseous nodes, the ex-

udation sometimes becomes purulent in character.

In cases of advanced tuberculosis the tubercles are more
abundant, and usually extend over the entire surface of the

heart. At the same time agglomerations of tubercles and cheesy
nodes of different sizes are formed, and these usually lie in a mass
of greyish-red vascular granulation-tissue. The cavity of the

pericardium contains an abundant sero-sanguineous exudation,

generally accompanied by fibrinous deposits by which the tuber-

cles may be to some extent covered over, so that the course of the

disease is that of a fibrinous pericarditis. The pericardial layers
are more or less extensively, at times entirely, coherent, being
united by a continuous greyish semi-translucent film of granula-
tions and connective tissue, which contains grey and cheesy
tubercles, and larger caseous agglomerations of these.

In actinomycosis of the lungs and mediastinum the peri-
cardium may be permeated by granulations undergoing fatty

degeneration, while its cavity is filled with a purulent or fibrino-

purulent exudation.

Syphilitic inflammation of the pericardium is very rare, and
is usually associated with syphilis of the myocardium ; it leads to

the formation of pericardial adhesions.
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Primary tumours of the pericardium are extremely rare.

Secondary growths are somewhat more common, and invade
the pericardium either from the lungs and mediastinum, or the

oesophagus and stomach, or by metastasis from more distant

organs. Among those most frequently found invading the mem-
brane are lympho-sarcoma of the mediastinum and carcinoma of

the oesophagus and of the stomach.
Of the animal parasites occurring in the pericardium, Cysti-

cercus, Echinococcus, and Trichina are those most frequently re-

corded.

References on Tuberculosis and Syphilis of the Pericardium.

EICHHORST: Tuberculous pericarditis Charity-Ann, n 1875
HAYEM and TISSIER : Tuberculous pericarditis Rev. de med. ix 1889
KAST : Purulent pericarditis in tuberculosis of mediastinal glands V. A. 96

1884
LEUDET : A . gen. de med. ir 1862
MKA&EK : Syphilis of the heart A . f. Dermal, suppl. 1893 (with references)
PROUST : Gaz. med. de Paris 1865
RIEGEL : Gerhardfs Handb. d. Kinderkf. iv
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CHAPTER IX

MORBID CHANGES IN THE ARTERIES

17. Atrophy of the arterial walls, which may be wide-spread,
occurs in association with chronic anaemia and general marasmus,
as well as with atrophy of individual organs. Thus after the

amputation of a limb the arterial trunks of the stump become

of smaller size. Partial disappearance of some of the component

parts of the vessel-wall, of the muscular fibres for example, takes

place as a consequence of inflammatory or degenerative conditions

affecting it, and also of abnormal distension of the vessel.

Fatty degeneration of the intixna of the arteries is mani-

fested by the appearance of opaque
whitish or yellowish-white spots on its

surface, and is very frequently found

post mortem in the larger vessels (Fig.

33), as well as in the small arteries and

capillaries (Fig. 34).

Fio. 33. FATTY DEGENERATION OF THE CELLS OF THE INTIMA OF THE AORTA,
VIEWED FROM THE FLAT SURFACE.

FIG. 34. FATTY DEGENERATION OF A CEREBRAL CAPILLARY.

(Perosmic acid preparation : X 350)

The process begins with a fatty degeneration of the endo-

thelial cells, which become (Figs. 33 and 34) filled with globules
of oil. The endothelium sometimes becomes detached, and is

carried off into the circulation. In extreme fatty degeneration of

the deeper layers of the intima, small areas of disintegration are

formed, and these may become a nucleus for the accumulation

of cells, which take up into their substance some of the oil-

globules. Proliferation may also take place around such areas.
*

The causes of the fatty change are to be sought in disturbances

of the circulation, changes in the composition of the blood, and
the presence of poisonous substances in the circulation.
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Fatty degeneration of the media attacks chiefly the muscle-

cells. From the resulting diminution of the strength of the

media rupture of the artery may occur. Calcareous infiltration is

often associated with fatty degeneration, the blood-vessel thereby

losing its elasticity and becoming rigid.

Amyloid degeneration is of common occurrence in the arter-

ies, the vascular system being especially prone to be affected by
this change. The degeneration is particularly noticeable in the

intima of the large blood-vessels, and in the media and sometimes
in the adventitia of the smaller vessels.

Hyaline degeneration of the arteries first appears in the

intima of the vessels of large calibre, the connective tissue being
rendered homogeneous and losing its nuclei. A second variety
of homogeneous degeneration of the vessels is well seen in the

smallest arteries and capillaries (Fig. 35 a 5), and occurs with

6

FIG. 35. HYALINE DEGENERATION OF THE BLOOD-VESSELS OF AN ATROPHIC
LYMPH-GLAND.

(Preparation hardened in alcohol, stained with alum-carmine and picric acid, and
mounted in Canada balsam : X 200)

a hyaline vessel, lumen still patent 6 hyaline vessel, completely occluded

FIG. 3fi. COMMENCING CALCIFICATION OF THE MIDDLE COAT OF THE AORTA.

(The deposit lies between the elastic lamellae : X 250)

special frequency in the glomeruli of the kidneys, in the choroid,
in the brain, and in the lymph-glands.

The degenerate vessels have a homogeneous appearance, and
their walls are markedly thickened (Fig. 35). The endothelium
is at first unaffected, and the lumen of the vessel unaltered (a),

though in later stages the lumen becomes contracted and finally
occluded by the hyaline deposit (i).
A form of granular degeneration of the arterial muscle-fibres

is described by LOWENFELD. In this form the muscle-cells swell

up, assume a granular appearance, lose their nuclei, and finally

disintegrate. The change may take place in isolated cells, or in

groups of cells, and causes a marked diminution of the strength
of the media to resist pressure.

Calcification of the arteries (Fig. 36) occurs chiefly in cases

where the nutrition of the vessel-wall is impaired, or its tissue is

otherwise morbidly altered. It is usually associated with fatty
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degeneration, hyaline degeneration, sclerosis, and atheroma (Art.

18). The intima or the media is the seat of deposit of the cal-

careous salts. In the former situation it is the sclerotic and
atlirromatous patches themselves which become calcified, so that

frequently actual calcareous plates are formed, which are capable
of being entirely separated from the surrounding tissue. If the

media be the seat of the calcareous deposit, the process may go so

far that the whole vessel is converted into a hard and rigid tube.

Large and middle-sized arteries so affected often show upon their

inner surface a ribbed or corrugated appearance, the calcification

of the degenerate media taking place in bands or stripes.
The calcareous salts are deposited in small glistening granules

(Fig. 36), which finally coalesce into compact masses. Haema-

toxylin imparts a deep bluish-violet coloration to tissues affected

with calcification.

In extreme cases the calcified arteries may actually become

ossified, portions of the calcified areas appearing to be permeated
by vessels and medullary spaces, from which a bone-like substance

is ultimately built up.
Necrosis of the vessel-walls results most frequently from

inflammations which occur in the neighbourhood of the vessels,

and which themselves end in tissue-necrosis and disintegration.
Of this nature are in particular the diphtheritic inflammations,
and caseous tuberculosis. Necrosis affecting the vessels exhibits

the same characters as that in the contiguous parts.

References on. Hyaline Degeneration and Calcification.

ARXDT : Morbid anatomy of the central organs V. A. 49 1870
COHX : Ossification of arteries V. A . 106 1886
GULL and SUTTON : Arterio-capillary fibrosis Med.-chir. Trans. London 1872
HOLSCHEWXIKOFF: Hyaline degeneration of cerebral vessels V. A. 112 1888
Jt'XGE : Hyaline degeneration A. f. Ophthalm. v
KHOMAYER: Miliary aneurysms and colloid degeneration in the brain Inaug.

Dis*. Bonn 1885
LEYDEX: Z.f. klin. Med. in
LOWEXFELP : Spontane Hirnblutunqen Wiesbaden 1886
LUBIMOFF: V. A. 57, A.f. Psych. 1874
MALLORY: Calcareous concretions in the brain Journ. of Path, in 1894
M \HCHAXD: Art. Arteries Eulenburg's Rralencyklop. 1894 (with references)
XKKI.SF.X : Degeneration of cerebral capillaries A. d. Heilk. xvn 1876
OKI. i.EH : Hyaline degeneration of vessels in lead amblyopia V. A. 86 1881
JBCHWBIOOBB : A.f. Ophthalm. v
TIIOMA : Disorders of the renal circulation in chronic nephritis V. A. 71 1879
WIKCKK : Hyaline degeneration of lymph-glands V. A. 78 1879
XIIX;LER: Causes of contracted kidney D. A.f. klin. Med. xxv 1879

18. The term sclerosis is used to designate a condition of the

arteries in which the intima presents a greater or less degree of

indnrative thickening. If this condition is general, the process

may be called diffuse arterio-sclerosis ;
if it is local, so that

larger or smaller prominences of a flattened or rounded form
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appear on the inner coat of the vessel, we speak of it as circum-
scribed or nodose avterio-sclerosis. A certain degree of thick-

ening of the intima of the peripheral arteries is a physiological
condition in old age, and the change often begins to be appar-
ent even in middle life. Circumscribed thickenings are however

always of a pathological nature. Diffuse sclerosis may be com-
bined with local thickenings. The affected parts sometimes ap-

pear translucent and almost gelatinous in texture, and sometimes

cartilaginous, or densely fibrous.

The local thickenings of the intima (Fig. 37 efg}, known as

sclerotic plates or atheromatous plaques, occur in arteries of

every size, from the ascending
aorta to the finest arterioles.

They may be few in number
or very numerous ; and they
are especially frequent in the

aorta, where often it is difficult

to find even a small area of

the intima that remains en-

tirely unaffected. When few
in number, the sclerotic patches
are usually situated near the

point of origin of arterial

branches.

If the sclerosis is at all

marked, plaques or tablets of

an opaque yellowish-white or

clear-white colour will always
be found near the translu-

cent, cartilaginous, or fibrous

patches. These plates may be
smooth or rough ; and not in-

frequently ulcers are formed
beneath them by necrotic de-

struction of the subjacent tis-

sue, at the bottom of which
lie masses of white detritus.

Not infrequently the rough
and ulcerated spots are cov-

ered with thrombi, which may

FIG. ATHEROMATOUS CEREBRAL
ARTERY.

(Preparation stained with haematoxylin, and
mounted in Canada balsam : X 50)

a intima considerably thickened
6 bounding elastic lamella of intima
c media
d adventitia
e necrotic denucleated tissue with masses

of fatty detritus

/and fi detritus with cholesterin-plates
g infiltrated leucocytes in the intima
h infiltrated leucocytes in the adventitia

be soft and translucent, thick

and whitish, or mixed in character. The yellowish-white plaques
are known as atheromatous patches, and the eroded spots as

atheromatous ulcers, the process as a whole being described as

atheroma of the arteries.

Calcareous infiltration is often associated with these condi-

tions, and affects especially the diseased spots, so that actual

plates or scales of chalk form in the sclerotic patches. The
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media may appear unchanged, or it may contain scar-like tissue,
either alone or in combination with calcareous deposits.

The firm yellowish-white plates are composed of new-formed
connective tissue, which presents evidence of premature degenera-
tion, -generally of the nature of hyaline change. In consequence
of this degenerative process, the substance of the connective tissue

becomes homogeneous, and loses first its fibrillation and ultimately
its cells. Sometimes the hyaline degeneration is combined with
extensive fatty degeneration, which primarily affects the cells.

Highly granular fibrous tissue may be found side by side with the

hyaline patches. In those patches which appear gelatinous, the
tissue presents the characteristics of mucous tissue, its cells being
sometimes preserved unchanged, sometimes fatty, and sometimes

already broken down.
The degenerate and necrotic connective tissue not infrequently

becomes calcified, and indeed the calcareous plates above described
are ^practically always produced in tissue that is already morbidly
altered. More frequently the degenerate tissue undergoes disin-

tegration, its place being taken (Fig. 37 e~) by a mass of granular
detritus (/) more or less intermingled with oil-drops, and often

containing plates of cholesterin (/j). This detritus constitutes
the so-called atheromatous pulp.

The necrotic processes usually begin in the outer layers of the
sclerotic thickening. (Fig. 37 /), but they may spread towards
the interior, and ultimately extend so far that the layer of con-
nective tissue towards the lumen of the vessel gives way, where-

upon the atheromatous patch becomes an ulcer.

Cellular infiltrations (#) are often found near the seat of

atheromatous degeneration, due to the fact that the destruction of
tissue leads to immigration of leucocytes and proliferation of the

surrounding tissue-elements,. The media may remain unchanged,
but usually it also presents evidence of cellular infiltration round its

capillaries, and fibro-cellular strands run through those parts of it

whose structure is altered or destroyed. Further, it not infre-

quently happens that the media shows areas of hyaline and fatty
degeneration and calcareous infiltration. The adventitia may be

unchanged ; or it may present diffuse or patchy fibroid induration,
as well as foci of cellular infiltration.

In certain cases the adventitia, as well as the media, possesses

very numerous vasa vasorum (Fig. 38), which may run as far as
the innermost layers of the media, and sometimes even of the
intima (Fig. 38 f). The vessels in the latter case are usually
accompanied by clusters of leucocytes (f? d1

c?
2).

Sclerosis and atheroma differ in their mode of development,
and their aetiology differs accordingly.

*In many cases the condition developes very gradually as
a manifestation of senile decay, sometimes affecting the aorta

chiefly or alone, sometimes isolated arteries in single organs or in
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several simultaneously, sometimes nearly all the arteries in the

body. When no special injurious influence can be discovered as

a probable cause, we must assume that the changes which age
brings with it are them-
selves sufficient, in

many cases, to give rise

to this condition of the

vascular system.

Injurious agents of

many kinds have by
various authorities been
credited with the power
of exerting, through
the medium of the

blood, a noxious action

on the arterial intima.

Chronic alcoholism,

lead-poisoning, and

gout are thus deemed
to be of special impor-
tance. In recent years
particular attention has
been directed to the

infective processes in

this connexion, and
articular rheumatism,
endocarditis, typhoid
fever, scarlatina, and

syphilis are given as

among the causes of

arterial sclerosis.

So far as the scle-

rotic process is at pres-
ent understood, it is

probable that it may
start from degenera-
tive changes of various
kinds. Some of these

antecedent changes are

associated with old age,
others with premature
decay or marasmus,
others with infective or

toxic agencies, or again with mechanical injuries such as strain
or rupture of some of the coats of the vessel. The primary alter-

ation or damage is then followed by inflammatory action, and this

by proliferation of the vessel-walls.

Sclerosis and atheroma are therefore sequences of a prolifer-

FIG. 38. SECTIUX OF THE AORTA IN ACUTE PROLIF-
EROUS AORTITIS.

(Thrombo-arfaritis prolifera : specimen hardened in
Miiller's fluid and alcohol, stained with Bismarck
brown, and mounted in Canada balsam : X 25)

a intima thickened by previous inflammation with
cellular infiltration '/

6 media with infiltrated leucocytes (7j

c adventitia with infiltrated leucocytes <72
e granular fibrin lying on the intima
e the same within the intima
/ blood-vessel within the hyperplastic intima
g small artery contracted by sclerosis of its intima
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ous or hyperplastic arteritis. whose originating causes are of

various and diverse kinds (Art. 19).
If the process which issues in arterial sclerosis be observed

while it is still in progress, foci of proliferation and often of

inflammatory infiltration will be found in the intima, and fre-

quently in the media and adventitia as well. In the walls of the

larger vessels these are generally seen surrounding the vasa vaso-

rum (Fig. 38 d
l

t7
2). Thus, according to the situation in which

the disease is most marked, we distinguish the varieties known as

endarteritis, mes arteritis. and peri arteritis. The intima may
suffer such extensive changes, through the development of scle-

rosis and atheroma, that the condition may be specifically described

by the term chronic endarteritis deformans.
If the changes occur chiefly in the intima, the process of new

tissue-formation takes place upon its inner free surface, and

chiefly beneath the thrombi which are there deposited in the

manner already described in treating of proliferation of the

endocardium (Art. 7, Fig. 11). Occasionally some of these

thrombi still persist at the time of death. The thrombi are

sometimes soft in consistence, grey, translucent, and almost gelati-
nous ; again they may be yellowish, reddish, or mottled in colour,
and warty, matted, or- villous in form, resembling the so-called

endocarditic vegetations (arteritis verrucosa). Cases occur in

which the aorta presents, along with sclerotic thickenings and
atheromatous patches, a great number of the above-mentioned
thrombotic deposits (aortitis verrucosa). The microscope then
shows that the wall of the aorta contains not only the older

fibroid indurations and hyperplasias (Fig. 38 a), but also numer-
ous foci of proliferation and inflammation (d d

1
c?
2), and that the

thrombotic deposits are already partly penetrated by ingrowths of

connective tissue from the underlying intima (e e^). The whole

process thus assumes the character of a proliferous thrombo-
arteritis (Art. 19).

Arterial sclerosis may terminate in the narrowing and oblitera-

tion of the vessels (endarteritis obliterans), or in their gradual
dilatation and rupture. Occlusion may arise from the coales-

cence of the thickenings of the intima, or from thrombosis behind
the contracted and roughened segments. Thrombosis takes place
not only in the small arteries, but also in the large ones ; even the

common carotid and subclavian may be obliterated in this manner.
The most frequent seat, however, of such occlusion is in the arter-

ies of the brain, heart, and kidneys ; in these situations it may
affect both the larger and the smaller vessels. Dilatation and

rupture of the arterial wall occur when the media is the coat

chiefly affected, as the resisting power of the vessel is thereby
greatly diminished.

The results of arterial stenosis and obliteration are necrosis,

degeneration, and atrophy of the tissues deriving their nutrition
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from the affected vessels. If the vasa vasorum are occluded by
sclerosis (Fig. 38 <?), atheromatous degeneration of the vessel-

wall is liable to result.

Hypertrophy of the arteries, in which the connective tissue

as well as the muscle-fibres undergo multiplication and increase,
occurs in vessels that serve for the establishment of a collateral

circulation, or that are called upon to supply large masses of new
tissue with blood. The arteries in such cases increase in length
and in thickness, and often become tortuous. When, in connexion
with the formation of new tissue, fresh vessels are formed by
budding, some of the new-formed capillaries must, through the

complete development of their walls, be converted into arteries.

In cases of increased arterial pressure, such as occurs in

chronic renal disease, hypertrophy of the arterial walls may take

place throughout the greater part of the vascular system.

References on Sclerosis and Atheroma of the Arteries

(see also Art. 19).
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19. Inflammation of the arteries, or arteritis, may be in-

duced by morbid changes in the blood, by traumatic injuries, and

by the extension of inflammatory processes from the neighbour-
hood of the vessel-wall. Mechanical violence may lead to arter-

itis by tearing or wounding the vessel, or by crushing its coats, as

in surgical ligation. Non-traumatic inflammations are for the
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most part due to infection or poisoning; mere disorders of nutri-

tion may, however, lead ultimately to processes of an inflamma-

tory character. Among the infective agencies the most common
are the pyogenic micrococci, the tubercle-bacillus, and the virus of

syphilis. These irritants lead to arterial inflammation by acting

upon the arterial wall from the lumen of the artery, from the vasa

vasorum, or from the adjacent tissues.

Very frequently arteritis is connected with the presence of

foreign bodies in the blood-current, more particularly with throm-

bosis, the thrombosis itself often in its turn starting from an ante-

cedent arteritis elsewhere.

Fio. 39. EMBOLIC SUPPURATIVE ARTERITIS.

(From the submucosu of the intestine ; preparation hardened in alcohol, stained u-ith

fuchsin, and mounted in Canada balsam : X 30)

a ai b c d e layers of the intestine

/ transverse section of a remnant of the
arterial wall

h thrombus adherent to the arterial wall
i periarterial purulent infiltration of the

submucosa
g embolus surrounded by pus-cells within k veins engorged with blood

the dilated and suppurating artery

Corresponding to its manifold causation, the character and
course of arteritis present many differences, and it is accordingly
impracticable to describe all its varieties. We may, however, give
prominence to certain main types, with which the remainder may
easily be connected. Among these types we may distinguish
thrombo-arteritis, haematogenous arteritis without thrombosis,.
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arteritis extending from the surrounding tissues, the specific arte-

ritis caused by the tubercle-bacillus, that caused by the virus of

syphilis, and finally the disease known as periarteritis nodosa.

Thrombo-arteritis may manifest itself in connexion with spon-
taneous thrombosis, or with embolism. In the first class we place
the thrombosis which follows ligation, injury, or disease of the

vessel-wall. The particular variety of arteritis occurring in con-

nexion with thrombosis is determined by the nature of the throm-

bus, and may be purulent or proliferous in character.

Purulent thrombo-arteritis results from spontaneous throm-

bosis or embolism when the coagulum contains pyogenic micro-

organisms. The vessel-wall may undergo either necrosis or

purulent infiltration (Fig. 39 i) as a result of the action of the

bacteria, and this may lead to suppurative softening of the arte-

FIG. 40. OCCLUSION OF A PULMONARY VESSEL BY CONNECTIVE TISSUE AFTER
EMBOLISM.

(Preparation hardened in Miiller's fluid, stained with haematoxylin and eosin, and
mounted in Canada balsam: X 45)

a arterial wall b connective tissue within the lumen of the vessel
c d -new-formed blood-vessels

rial coats. The larjaer arteries, in process of purulent infiltration,

appear yellowish-white in colour, swollen, and brittle. Under the

pressure of the blood the vessel-wall may yield, producing an
infective or pyaemic aneurysm (Fig. 39), or the artery may
rupture. Periarterial abscesses (i) may result from the accumu-
lation of pus and suppuration of tissue around the vessel. This
condition is very apt to be brought about in the smaller arteries

when they are occluded by infective emboli (Fig. 39 g~).

Proliferous or plastic thrombo-arteritis occurs in cases

where the primary thrombus or embolus is not infective, and leads,

according to the amount of proliferation induced, to occlusion of
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the vessel (Fig. 40) or to circumscribed thickenings of the wall.

The thickenings may consist of flattened prominences, of firmly
adherent ridges, or of bands and strings which cross the lumen of

the vessel (Fig. 41 6). When the contracting thrombus or em-
bolus is only in part replaced by connective tissue, while another

part becomes calcified, warty or knotty prominences are formed
on the wall of the artery. These we might call arterial calculi,
or arterioliths.

The new connective tissue which developes in the substance of

and so replaces a thrombus owes its existence to proliferation of

the cells of the vessel-wall.

When the process leads to com-

plete occlusion of the artery, it

is called endarteritis obliterans.
While the formation of new

tissue is progressing the arterial

waft is in a condition of prolif-
eration and inflammation, and.
we accordingly find it infiltrated

with connective-tissue cells and

leucocytes. Sooner or later, in

the inner coats of the vessel, the

leucocytes are accompanied by
large fibroblasts, and these ex-

tend out from the intima into

the thrombotic mass (Fig. 42 A).
In the course of time these cells

form germinal tissue, which
takes the place of the thrombus,
and finally becomes converted
into connective tissue (Fig.
406). If the endothelium of the
intima be still preserved, it takes part in the proliferation ; if it

be destroyed the new-formation of connective-tissue cells proceeds

solely from like cells in the coats of the vessel.

The blood-vessels (Fig. 40 d) which supply the connective

tissue that takes the place of the thrombus come in the first

instance from the vasa vasorum, but they ultimately communicate
with the part of the arterial channel that is still open. In thrombi
due to ligation, the new-formation of connective tissue and the

new vessels generally start from the point at which the ligature
was applied (Fig. 43 c?

x), but the part of the wall of the vessel in

the neighbourhood of the thrombus also furnishes new tissue. In
wounds of the vessels it is the region covered by the thrombus
that is principally concerned in the reparative process.

Haematogenous arteritis. not associated with thrombosis,

originates from the non-vascular intima on the one hand, and
from the vasa vasorum on the other hand (Fig. 38); according

FIG. 41. REMAINS OF EMBOLI IN A BRANCH
OF THE PULMONARY ARTERY.

a shrunken embolus permeated by con-
nective tissue

b fibrous bands running across branches
of the artery
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to the primary seat of the lesion, we distinguish it as endarteritis,

mesarteritis, or periarteritis.
The aetiology of this form of arteritis, when it is not due to

purulent infection, tuberculosis, or syphilis, is still uncertain : we

may however say that certain specific infections and poisons, as

well as simple disorders of nutrition, may give rise to it (Art. 18).
The arteritis is almost always of a plastic nature ; it leads to the

formation of new connective tissue, and consequently to thicken-

ing of the intima. It is often the cause of indurative fibroid

degeneration of the media and adventitia, and indeed of all those

conditions that are characteristic of arterial sclerosis (Art. 18).

FIG. 42. SECTION OF A THROMBUS IN PROCESS OF ORGANISATION.

(From the femoral artery of an aged man, three weeks after ligation: haematoxylin
staining : X 300)

a tunica media e

b fenestrated elastic membrane /
c intima thickened by previous inflam- g

ination
d coagulated blood h

cells infiltrating the media
cells infiltrating the intima

leucocytes, partly within the thrombus
and partly between it and the intima

various kinds of formative cells

Consecutive or secondary arteritis, due to inflammation of the

tissues in which the arteries lie embedded, may be suppurative,

gangrenous, or hyperplastic, according to the nature of the affec-

tion of the surrounding tissues. The forms leading to suppura-
tion and gangrene occur chiefly within infected wounds and

ulcers, such as those of the stomach, intestine, and lungs ; they
are a common cause of the rupture of blood-vessels in these situa-

tions. If the artery contains a thrombus, as for example after

ligation, this also may undergo suppurative softening.

Secondary arteritis leading to the formation of new connective
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tissue is usually the result of chronic inflammation in an organ
containing the vessel. The fibrous hyperplasia affects chiefly the

adventitia, but it may spread also to the media and intima.

FIG. 43. DIAGRAMMATIC SECTION OF A LIGATED VESSEL.

(The thrombus is supposed to be entirely replaced by vascular fibrous tissue)

adventitia dl new-formed fibrous tissue outside the
media
intima

d new-formed fibrous tissue within the lumen

lumen
new blood-vessels
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20. Syphilitic arteritis is found either as an independent
disorder or as part of a local syphilitic affection. In the first

variety the affected vessel shows white or grey thickening of the

intima and of the adventitia. The vessel, such as a cerebral

artery, may be beset with greyish translucent or whitish patches ;

or a certain length of it may be transformed into a white or grey-
ish-white cord. This form is not to be distinguished, either by
the eye or with the microscope, from arterial thickening due to

non-syphilitic fibrous hyperplasia. The second form of syphilitic
arteritis occurs in the midst of foci of syphilitic inflammation, the
vessels being surrounded either with diffuse cellular infiltrations

(the so-called gummatous granulations) or with dense cicatricial

tissue.

If the process is still recent, and in the stage of granulation,
the thickening of the intima (Fig. 44 a) consists of cellular tissue.

The cells are in part small and round, in part larger and spindle-

shaped or stellate, corresponding to the various forms of fibro-

blasts. The adventitia is similarly altered (d). The media (c)
is generally infiltrated only to a moderate extent with cells. If the

syphilitic affection is of longer standing, and connective tissue has

already been formed in the inflamed areas, the thickened arterial

coats are more fibrous and contain fewer cells. The media is
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either in good condition or is in places atrophic and fibroid.

There is nothing specific in the histological character of the pro-
cess ; but it may be remarked that in ordinary arteritis leading
to sclerosis the cellular infiltration is not usually so abundant
as it is in syphilitic inflammation, and that the adventitia in

particular is not so subject to marked alteration.

The thickening of the arterial coats in syphilis is often very
considerable ; it may indeed become so extreme that the lumen
of the affected artery is partially or entirely occluded (arteritis

syphilitica obliterans} .

Tuberculous arteritis arises from the infection of arteries by
way of the blood, and from the extension of a periarterial focus

of tuberculosis into the

vessel-wall ; the latter

mode of invasion is much
more common than the

former.

When infection has
taken place, either discrete

tubercles or diffuse in-

flammatory infiltration

and hyperplasia may be

developed (Fig. 45 a a,

c d) ;
the latter may lead

to very considerable thick-

ening of the vessel-wall,
and often causes throm-
bosis. If the granulations
become caseous, the vessel-

walls undergo the same
transformation (e). If

the diseased vessel be not
closed by thrombosis be-

fore the caseation sets in,

it often ruptures and so

gives rise to haemorrhage.
When no rupture takes

place bacilli may pass
from the vessel-wall into

the lumen, and thus be disseminated by the blood-stream.

Fibrous hyperplasia of the vessel-wall may also be set up as

a consequence of tuberculous inflammation. Most commonly it

is the adventitia which becomes thickened, though at times a

like thickening affects the intima as well. It may become so

considerable that the lumen of the affected vessel is greatly con-
t parted, or even occluded. The same result follows when throm-
bosis takes place in a vessel whose wall is the seat of caseating
tuberculous granulations.

Fio. 44. SYPHILITIC ARTHRITIS.

(From the sylvian artery of a young man aged 20 :

preparation hardened in alcohol, stained with

carmine, and mounted in Canada balsam: X 150)

a greatly thickened intima
6 fenestrated membrane, broken through on the

left

c muscular coat
d adventitia
e fibro-cellular tissue

/ new-formed cellular tissue
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Feriarteritis nodosa is a peculiar disease of the arterial sys-
tem described by KUSSMAUL, R. MAIER, and P. MEYER, whose
nature is not yet clear ; it is characterised by the occurrence on
the arterial wall of great numbers of whitish nodules (Fig. 46 a).

They are found not only on the vessels that can readily be dissected

out with scalpel and scissors, in the muscles, the serous membranes,
and so on, but also on the arteries of the parenchyma of the spleen,
the abdominal glands, the uterus, and the mucous membranes.

The nodes on arteries of somewhat larger size are situated on
one side of the vessel-wall ;

in the case of the smaller ones they
entirely surround the

^^Yj/iC^'^v^.., lumen. The thickening

^f5j^^^^^?^%j is due to cellular infiltra-

~^'^^?.,: li|iM^ ^on allt^ proliferation of

a11 the coats of the vessel
'".''.

'

//v t "/>,!'.x-' -M 'i,,^ 1* ' Vu -.-

FIG. 45. TUBERCULOUS ARTERITIS.

(Preparation stained with fuchsin and methylene-blue, and mounted in Canada bal-

sam : X 100, but the bacilli have been sketched in under a higher magnifying
power)

intima aj proliferous intima infiltrated
with cells and containing tubercle-
bacilli

inner elastic lamella

c media
d proliferous adventitia infiltrated with

cells and containing tubercle-bacilli

e caseous portion of the vessel-wall

FIG. 46. PERIARTERITIS NODOSA.

( Vessels takenfrom the mesentery of the small intestine: natural size)

a node-like swelling

(Fig. 47), the hyperplastic intima projecting into the lumen of the

artery (), while the media (c (?) is transformed into cellular tissue

of considerable thickness, and the adventitia and the surrounding
tissue (e) are thickly studded with cells. The affection might
thus be fitly described as arteritis proliferans nodosa. Thrombosis

may accompany the process, which sometimes also leads to aneu-

rysmal dilatation of the weakened and yielding arterial wall. When
the inflammation and proliferation are excessive the tissues sur-

rounding the artery are apt to be affected in the same way. The
thrombosis leads to ischaemic necrosis of the parts lying behind
the occlusion. The most likely explanation of the disease is that
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it is an infective one. The sudden onset of the affection, its rapid
course, and the marked wasting that accompanies it, are in favour

of this theory (VON KAHLDEN).

FIG. 47. PERIARTERITIS NODOSA.

(Longitudinal section of node shown in Fig. 46 a: preparation hardened in Muller's

fluid, and stained with haematozylin and eosin: X 30)

a ai normal vessel-wall c diffuse overgrowth of the media
6 circumscribed swelling of the intima d projection of intima and media into

growing into the lumen of the the lumen of the vessel

vessel e periarterial cellular infiltration
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FIG. 48. ANEURYSMS OF THE AORTA.

(From a woman aged 30 : half natural size)

a spindle-shaped dilatation or ectasis d rib adherent to the wall of the aneu-
of the ascending aorta rysmal sac showing marked atro-

c aneurysm due to rupture communi- phy from pressure
eating by the opening b with the e shrunken aortic valve
lumen of the dilated aorta
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21. Arteries whose walls have lost their elasticity and power
of resistance may dilate to an abnormal extent or even rupture
under the pressure of the blood, whether this be normal or for

any reason exceptionally increased. In this manner more or less

seve*re and sometimes fatal haemorrhages frequently occur. The
dilatation and rupture may be acute, and if death does not take

place the vessel may return to its normal condition by contraction

and ultimate repair of the rent. In other cases the result is per-
manent sacculation or dilatation of the vessel, or an external

sac containing blood may remain in communication with its

channel. All these results are usually comprehended under

the name of aneurysm. If the wall of the aneurysm consists of

the coats of the artery, we speak of it as an aneurysm proper, or

true aneurysm. If the arterial channel remains in communica-
tion with a sac consisting of new-formed tissue, we speak of it as

a false aneurysm.

FIG. 49. AXEURYSMS (a) OF THE HYPOGASTRIC ARTERY.

(Reduced by one-sixth)

If we classify aneurysms according to their external form

and their local relations to the affected vessel, we may first con-

sider a group of pathological conditions which are described as

arterial ectases. An ectasis is a spindle-shaped, sometimes almost

cylindrical (Fig. 48 a), or in other cases somewhat pouched dila-

tation of an artery, over a greater or less extent of the vessel's

course. Such a widening occurs with special frequency in the

aorta, and may extend over its whole length, or affect a limited

portion only, such as the ascending aorta or the arch. Some-

times in the course of a vessel there are several fusiform enlarge-

ments, or in addition to the dilatation the artery is tortuous and

convoluted, a condition which is termed cirsoid aneurysm: it

occurs most frequently in the great vessels lying within the pelvis.

The second group is formed by the saccular aneurysms which

p'roject from one side of the affected artery (Fig. 48 <?, Fig. 49 a),

and are more or less sharply marked off from the lumen of the

vessel.
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By many authorities the saccular forms alone are described as

aneurysms. The several varieties can however hardly be sepa-
rated, inasmuch as transitional and combined forms exist (Fig.

48), and they have to some extent the same aetiology and mode
of development.

The production of an aneurysm is probably in all cases refera-

ble to some morbid weakening of the arterial coats. In certain

instances it is perhaps dependent on a local imperfection of de-

velopment in the coats ; but as a rule it is due to some of the

injurious influences incidental to post-embryonic life. Fusiform,

cylindrical, and pouched dilatations, and tortuous or cirsoid

elongations of arteries, which we have classed together as arterial

ectases, are caused by stretching of the weakened arterial walls,
and may be called aneurysms by distension. The formation of

large saccular aneurysms is probably always preceded by rupture
of one or more of the arterial coats, and we may therefore de-

scribe them, in contradistinction to the former class, as aneurysms
by rupture.

Aneurysms by distension are due as a rule to the changes com-

prehended under the term arteriosclerosis
; they may, however,

be caused by acute inflammation of the vessel-wall, and in certain

cases are probably the result of imperfect development. Conical

aneurysms, occurring at the origin of arterial branches, may be
caused by excessive traction upon the vessels (THOMA).

Aneurysms by rupture also occur with great frequency in asso-

ciation with arteriosclerosis : accordingly the class of aneurysms,
which from their mode of origin we may call arteriosclerotic,

forms the largest and for the physician the most important group.

They are most commonly met with in the aorta, particularly in its

thoracic portion, but they often occur in the arteries of the brain,
and are not very rare elsewhere, as for example in the carotids, the

abdominal arteries, the femorals, and their branches.

Rupture of the arterial coats takes place both in arteries of

normal calibre, and in vessels already dilated. It usually occurs dur-

ing the early stages of arteriosclerosis, and in the case of the aorta

in persons who are between 35 and 40 years of age. Occasionally
at the time of rupture little or no sclerotic thickening of the coats

can be recognised (Fig. 50) ; but as a rule the intima shows some
such change (Fig. 51 a). The rupture sometimes affects only the

innermost coat of the vessel, sometimes also the middle, and at

times the outermost coat as well. Various forms of arteriosclerotic

aneurysms by rupture may be distinguished accordingly. If all

the coats are broken through, haemorrhage into the surrounding
tissues naturally results, and if the effused blood cannot find an
outlet this gives rise to the formation of. a blood-tumour or

haematoma, which afterwards may undergo further changes.
If the intima and media are torn through (Fig. 50 c), a

dissecting aneurysm (c? (T) may be formed, whose outer wall is
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constituted chiefly by the adventitia (e), which has been loosened
from the media by the pressure of the escaping blood, or by the
adventitia and the outer strata of the media together. This result

is most commonly observed in the ascending aorta (Fig. 50) and
in the small arteries of the brain, which are surrounded by a loosely-

adhering adventitia. If the adventitia of the aorta does not give

Fio. 60. RUPTURE OF THE INTIMA AND MEDIA OF THE AORTA, WITH THE FORMA-
TION OF A DISSECTING ANKURYSM.

aorta
aortic valve

(From a man aged 50)

c transverse rent through the intima and
media

coagulated blood under the adventitia e

way at the time of the rupture of the intima and media it may be

stripped loose over a large extent of surface, so that the under-

lying accumulation of blood may reach as far as the points of exit

of the branches of the thoracic and abdominal aorta.

As a rule death takes place very soon after rupture ; but life is
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sometimes prolonged for a while, particularly in those cases in

which the blood forces its way from the subadventitial sac back

again to the blood-stream, at some point farther on in the course

of the vessel (BosTROM). The new blood-channel formed by the

adventitia is then strengthened by the formation of connective

tissue around it, and it may even acquire an endothelial lining.

FIG. 51. ANEURYSMAL DILATATION AND PARTIAL RUPTURE OF THE ASCENDING
AORTA.

(From a man aged 36 : natural size)

a dilated aorta with sclerotic plates in the b rent in the intima through which the
intima media is visible

c rent in the media

Since in cases of complete rupture and of dissecting aneurysm
we cannot always detect morbid changes in the coats of the*

vessels, it is very probable that in the absence of these changes
traumatic injury to, or defective development of, the vessel-wall

is the primary cause of the lesion. When a portion of the intima
of a vessel such as the aorta gives way, with or without accom-

panying rupture of the media, and without dissection of the
other coats, a locus minoris resistentiae is formed at that part.
A local dilatation of the remaining layers of the arterial wall

thereupon takes place, and a saccular aneurysm is* produced.
This result is not however inevitable, for we frequently see rents
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in the large vessels that have actually healed by means of newly-
formed connective tissue, and show no signs 01 yielding. When
the process results in lateral dilatation of the vessel-wall, a very
large, blood-sac (Fig. 48 c) may ultimately be formed at the
affected spot. These sacs communicate with the lumen of the
vessel by a more or less wide,opening (Fig. 48 ), which is com-

monly narrow compared with the size of the artery or of the sac

itself. Frequently several such aneurysms co-exist in sclerotic

and dilated vessels, so that for example an ectatic ascending or
transverse aorta may present three, four, or even more saccu-

lations.

Arteriosclerotic aneurysms of the aorta and other great vessels

often attain considerable size, and cause distortion and displace-
ment of the contiguous viscera. Aneurysins of the thoracic aorta

frequently extend to the sternum and ribs, or to the spinal column,
and^then exert pressure on these bones. Under these conditions
the bony substance becomes eroded and atrophic, and large por-
tions of the vertebral bodies, the sternum, or the ribs may be
thus absorbed (Fig. 48 d). The nerve-trunks, the trachea, and
the walls of adjacent blood-vessels such as the pulmonary artery,
are in like manner pressed on and atrophied.

In the wall of the sac itself, which is subjected to steadily in-

creasing distension, inflammatory infiltration and proliferation
are set up, and these result in fibrous hyperplasia. Within the
sac laminated thrombi may form, which fill it up to a greater or
less extent, and cause proliferation of the underlying wall, but do
not necessarily lead to the healing of the aneurysm by obliteration
of its cavity.

Sooner or later the aneurysm ruptures, and blood is effused
into the surrounding tissues. The haemorrhages that occur so

frequently in the brain come very often from the rupture of

aneurysmal dilatations in atheromatous arteries. Large thoracic

aneurysms frequently project into the lumen of the trachea, the

bronchi, or the oesophagus, after causing the absorption of the
walls of these structures by pressure ; then the aneurysmal sac

ruptures, and massive haemorrhage takes place into the respiratory
tract, or into^ the oesophagus. In other cases the aneurysms rupt-
ure externally through the intercostal spaces, and instances are
Recorded in which they have ruptured into the pulmonary artery
or into the veins. In the latter instance the aneurysmal sac
has previously become adherent to the wall of the vein, and when
rupture into the latter ensues the condition is known as true
varicose aneurysm.

Embolic aneurysm is another special variety, of which we
may distinguish two forms. The first owes its existence to the
fact that sharp-cornered particles of calcified material are swept
from ulcerated valves or other parts of the vascular system to a

peripheral artery, into whose walls they penetrate. This may
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cause rupture and fatal haemorrhage (cerebral apoplexy), or if

the walls of the vessel do not at once give way entirely, an aneu-

rysm by rupture may be formed. In the latter case the walls of

the sac are composed either of tissue derived entirely from the

surrounding structures, or in part at least of the outer walls of the

vessel. These aneurysms are thus essentially due to mechanical

erosion, and accordingly are really traumatic in origin.
The second form of embolic aneurysm is that known as the

mycotic or infective aneurysm (Fig. 39). This form is due to

emboli infected with bacteria (</), which set up at their point of

lodgment suppurative inflammation and degeneration of the ves-

sel-wall and its surroundings. The emboli usually come from
infective endocarditic thrombi. The walls of the vessel (/),

becoming friable and softened by ulceration, either wholly or

partially give way. If the outer coats do not rupture, a saccu-

lar or fusiform aneurysm may form by their dilatation. In horses

embolic aneurysms are often produced by the Strongylus armatus,
which lives in the blood-vessels (notably in the mesenteric artery),
and causes at its point of lodgment thrombosis and degenerative

changes in the vessel-wall. Laceration of the inner and dilata-

tion of the outer coats are the ultimate result. We might call

these parasitic aneurysms.
Aneurysms by erosion are usually found in suppurating

wounds and in tuberculous foci, especially in cavities of the

lungs. The suppuration or the tuberculous inflammation involves

the outside of the vessel (Fig. 45), softens it, and so renders it

more liable to laceration. In favourable cases the portion of the

vessel thus affected may protect itself by the formation of thrombi,
followed by proliferation, with the result that its lumen is ulti-

mately obliterated. Frequently, however, the vessel-wall ruptures
and haemorrhage takes place ; or as a result of the destruction of

the outer coats, the inner ones protrude, producing hernial aneu-

rysms. The protruding inner walls may be already covered by
thrombi ; or the vessel-wall may be thickened by the formation of

connective tissue. Hernial aneurysms either rupture, or induce
the formation of new connective tissue about them, and in this

way their walls are strengthened.
Traumatic aneurysms are produced by the action of mechani-

cal violence of any kind upon the vessel, in consequence of which
the inner, the outer, or all of the arterial coats may be torn through.
What happens in the first instance will be understood from what
has already been said. When the vessel-walls are entirely torn

through, and the blood cannot escape to the exterior or into some

cavity of the body, a blood-tumour is formed, bounded by the

surrounding tissues: this is an arterial haematoma. In the

course of time a connective-tissue sac may be developed round
the coagulated mass of blood, and its contents undergo con-

traction. If through the original point of rupture in the vessel-
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wall blood again gains access to the sac, a spurious aneurysm is

formed.
When an artery and a vein are wounded simultaneously, and a

communication between the two is established by the formation of

an intermediate haematoma, a traumatic spurious varicose aneu-

rysm is the result. This accident may happen in the operation
of blood-letting from the median vein of the arm, in which the

brachial artery is sometimes cut. When by a wound direct com-
munication is opened between an artery and a vein, so that the

arterial blood flows into the vein without the intervention of a

sac, and the vein is distended under the arterial blood-pressure,
we have a condition that is termed an aneurysmal varix.

The formation known as racemose or anastomotic aneuryam, or vascular

arterial tumour, has nothing in common with true aneurysms. It is rather a

pathological multiplication of the vessels over a whole arterial region, and is

probably always dependent upon some local congenital anomaly of develop-
ment. Convoluted coils and plexuses of hypertrophic and dilated arteries are

thus formed, and the condition might appropriately be described as a racemose
arterial angioma.

Aneurysms are sometimes congenital (PHANOMKNOW : Aneurysm of the

abdominal aorta Arch.f. Gynak. xvn 1881), and in infants may be due to the

presence of septic thrombi or to the fact that the ductus arteriosus exerts an
excessive traction on the wall of the aorta or pulmonary artery (THOMA).

Out of 159 cases of arterio-venous aneurysm collected by BRAMANN, wounds

by stabbing, hacking, or cutting were given as the cause in 108, gunshot injuries
in 29, and contusions in 5. In 9 cases the condition arose spontaneously.
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CHAPTER X

MORBID CHANGES IN THE VEINS

22. It may be stated that in general the veins are subject to

the same morbid changes as the arteries, though many pathological

processes affecting them are less markedly characteristic and in-

volve less important consequences than the corresponding lesions

of -the arteries.

Fatty degeneration of the intima and media follows a similar

course to that of the arteries, and gives rise to the appearance of

whitish spots on the venous coats.

Calcification occurs upon the whole but rarely, and is seldom
marked. The most complete examples of calcification may be
found in veins whose walls have undergone fibroid degeneration.

Fibroid thickening of the intima, a process analogous to arte-

riosclerosis, and described as phlebosclerosis, appears both in

diffuse and in circumscribed forms, particularly in the veins of

the lower extremities. The affection is however less pronounced
than in the arteries, and its effects are in general of minor im-

portance.
An inflammatory condition of the veins leading to the forma-

tion of new connective tissue, proliferous or hyperplastic phle-
bitis, is met with chiefly after venous thrombosis, or as a consequence
of inflammatory proliferation of neighbouring parts: it begins in

the first case as a thrombo-phlebitis ;
in the second, as a peri-

phlebitis. As thrombosis is one of the commonest plastic affec-

tions of the veins, thrombo-phlebitis is a comparatively frequent
disorder. It occurs often in the veins of the lower extremities
and of the pelvis, and not rarely in the large veins of the trunk
and in the sinuses of the dura mater. The cellular infiltration and

proliferation of the vessel-walls, and the gradual replacement of
the thrombus by fibrous tissue, take place in the same manner as
in proliferous thrombo-arteritis.

After an interval of some months, the site of the former
thrombus is sometimes indicated only by thickening of the intima

and by a few fibrous bands traversing the lumen of the vessel

(Fig. 52 b c); but sometimes the vein at the affected spot is cica-

tricially contracted (Fig. 52 a) and obliterated, so that the process
might be described as phlebitis obliterans. Obliteration takes

place not only in small but also in large veins, such as the femoral
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vein and the inferior vena cava
;
and the vessel may thus, for a

distance of several centimetres, be converted into a solid fibrous

cord.

If a contracting venous thrombus is only partially replaced by
connective tissue, the rest of it becoming calcified, vein-stones or

phleboliths are formed.
Proliferous periphlebitis developes when proliferation takes

place in the tissues contiguous to the veins, and leads in the first

instance to a thickening of the adventitia

only, though it may ultimately extend also

to the inner coats.

Wounds of the veins heal in the same
manner as those of the arteries.

Suppurative phlebitis is most fre-

quently associated with suppurative and

septic inflammation of the adjacent tissues,

and is thus at the outset a periphlebitis.
Purulent infiltration of the vessel-wall may
however extend to the inner coats, and is

then indicated by their yellowish-white ap-

pearance, or in putrid inflammations by
their dirty-grey or greyish-green discolora-

tion. Under certain conditions infective

inflammations spread for a considerable dis-

tance within the adventitia of the veins,
so that the vessels appear as if sheathed in

reddened and infiltrated tissue.

If pyogenic bacteria reach a venous

thrombus, septic softening is set up within

it, and at the same time degenerative

changes, necrosis, and inflammation affect

the vessel-wall ; the result is thus suppu-
rative thrombo-phlebitis. When the

veins are infected in this manner, the path-

ogenic bacteria very readily reach the

blood.

Tuberculous periphlebitis and phle-
bitis arise in the same way as tuberculous

arteritis (Art. 20), and lead to cellular infil-

tration and hyperplasia of the venous walls,

which afterwards become indurated or un-

dergo caseous degeneration. The process

may finally extend to the intima, enabling
the tubercle-bacilli to enter the blood-cur-

rent and to disseminate the tuberculosis by metastasis.

Syphilitic periphlebitis and phlebitis are observed most fre-

quently in the branches of the portal vein, and in the umbilical

vein of new-born children affected with syphilis.

FIG. 52. OBLITERATION OF
THE RIGHT FEMORAL
VEIN.

(Remains of a thrombosis
which occurred three

years before death ; nat-
ural size)

a obliterated portion of
the vein (the right iliac

vein was also obliterated)
bed fibrous bands with-

in the vein and its branches
e recent thrombus
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References on Phlebitis and Phlebosclerosis (see also Art. 19).
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'1879, and Schmidt's Jahrb. 1884
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Diss. Dorpat 1887
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SCHURHOFF: Pathogenesis of miliary tuberculosis Cent.f. allg. Path, iv 1893

23. Fhlebectases or

varices (Fig. 53) are dila-

tations of the veins, which
are caused chiefly by me-
chanical interference with
thfe outflow of blood from
them : the impediment may
be local or general venous

engorgement, compression
of the veins, thrombosis,
failure of the heart, or the

like. Their formation is

favoured by the presence of

morbid changes in the ve-

nous walls and the tissues

surrounding them.
In many cases the veins

are uniformly dilated .in a

cylindrical form, or show

spindle
- shaped bulging*.

In other cases the dilated

veins are coiled in a tor-

tuous or serpentine fashion

(Fig. 53), with numerous
lateral pouches, so that the

several convolutions ulti-

mately lie close one to an-

other.

Simple stretching of the

vessel-walls under the inter-

nal pressure of the blood

may suffice to explain the

first variety, while the second

implies rather some abnor-
mal local weakness of the

venous wall, for such varices

are occasionally found in

FIG. 53. VARICES OF LEG.

(Injected preparation : one-half natural
size)
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places where engorgement does not apparently exist. When the

veins are markedly pouched and tortuous, without any perceptible

thinning of their coats, some hyperplasia of the venous walls must
of course have taken place.

If the walls of tortuous veins touch each other, fusion may
occur at the point of contact, and in this way anastomosing venous
sinuses are formed. The result is a kind of cavernous tissue, with
wide blood-spaces.

Varices occur very frequently in the lower extremities, and
form beneath the skin tangled convolutions consisting of serpen-
tine and saccular blood-sinuses (Fig. 53). They may be produced
in persons obliged to sit or stand for a long time together, but

they arise with special frequency in cases of long-continued
interference with the venous circulation, such as results from
the pressure of the pregnant uterus or of tumours in the pelvis.

They are also frequent in the pelvic veins, the veins of the

broad uterine ligament, the spermatic cord (varicocele), the

prostate, the bladder, the scrotum, the labium pudendi, and
the lower portion of the rectum. The veins which form a

plexus around the rectum, by their dilatation, frequently give
rise to the tuberous or grape-like varicose prominences known
as haemorrhoids or piles.-

The circulation through the liver is sometimes obstructed by
reason of morbid processes affecting the interlobular connective

tissue (cirrhosis of the liver). As a result we find engorgement
and dilatation of the portal veins, and of the oesophageal and

spermatic veins which anastomose with them. The like dilatation

has been observed in the persistent channel of the umbilical vein

in the round ligament of the liver (BAUMGARTEN), and in the

parumbilical veins ;
in this case the communicating veins of the

round and suspensory ligaments, and the veins of the anterior

abdominal wall, may also be dilated and tortuous, leading to the

formation of the so-called caput medusae.
Varices not infrequently rupture and so give rise to haemor-

rhage ; this is especially apt to happen in the case of haemorrhoids,
which are torn and bruised by the passage of the faeces. Veins

may also rupture subcutaneously. In the neighbourhood of the

varices oedema and inflammation are often set up, and lead either

to suppuration with the formation of abscesses or ulcers, or to

overgrowth of connective tissue. The former is most common
in the neighbourhood of haemorrhoids, where infection is apt to

occur ; the latter in the lower extremities, where from oedema
and fibrous hyperplasia thickening and induration of the tissues

is a frequent result, giving rise to the condition described as

phlebectatic elephantiasis or pachyderm! a. In the affected

parts traumatic injury readily induces ulceration, and the so-called

varicose ulcers have but little tendency to heal. They often

extend over a considerable area, and the floor and margins tend
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to become callous and indurated from the formation in them of

dense cicatricial tissue.

Thrombosis in dilated veins is not infrequently associated with

proliferous or purulent thrombo-phlebitis. Calcification of the

remains of the coagulum leads to the formation of phleboliths.

References on Varices.

BAUMGARTEN: The umbilical vein in hepatic cirrhosis Arbeiten path. Inst. i

Tubingen 1891
COHNHEIM : Death from rupture of splenic varices V. A. 37 1866
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JACOBS : Pathological anatomy of haemorrhoids Inaug. Diss. Bonn 1890
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CHAPTER XI

MORBID CHANGES IX THE LYMPH-VESSELS

24. The morbid changes occurring in the lymphatic system
do not admit of complete treatment apart from the pathologi-
cal anatomy of the parenchyma of the various organs. The
lymphatics have their ultimate radicles in the substance of the

tissues, and the first part of their course is formed by the meshes
and clefts into which the lymph derived from the blood is poured.
The efferent channels, in other words the smallest lymph-vessels,
are canals devoid of special walls, and marked off from the sur-

rounding connective tissue only by a layer of flat endothelial cells.

Not until we come to the larger lymphatics do we find, outside

the endothelium, any special connective-tissue wall.

It must be very rare for demonstrable changes to take place
in these minute lymph-channels without simultaneous disease of

the tissues that enclose them
; they and the tissues are in too

intimate relation for one to suffer without the other. The same
holds good even of the larger lymphatics, though they have walls

of their own in addition to their endothelial lining. It is indeed

only the largest lymphatics of all that we can regard, from a

pathological point of view, as independent structures.

Inflammation frequently affects the lymph-vessels, giving rise

to the affections known as lymphangitis and perilymphangitis.
It is generally secondary to some inflammation of the tissues,

the lymph from the inflamed area acting as an irritant to the

vessels through which it flows and to the tissues that imme-

diately surround them. But rarely does an irritant capable of

setting up inflammation reach the lymphatics from any other
source than from a previously inflamed part. The secondary
inflammation may extend far beyond the seat of the primary
affection ; thus it may spread from a wound in the hand up into

the lymphatics and glands of the axilla. During life the affection

is indicated by the presence of red and painful streaks extending
from the initial wound to the nearest lymph-glands.

In minor degrees of lymphangitis the lymphatic endothelium
is swollen, its nuclei are increased, and- its cells in part undergo
multiplication. In the more severe inflammations the endothelial

cells are cast off and perish ;
while at the same time the lymph-

vessels contain an abnormal number of lymphoid elements, and
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not infrequently the lymph is fibrinous and coagulable. In puru-
lent lymphangitis the lymph-vessels may be distended with small

collections of pus, and sometimes assume a sacculated or monili-

form appearance. The tissue surrounding the lymphatics, as

veil as the vessel-walls themselves, is more or less infiltrated

with leucocytes, and its capillaries are markedly distended with

blood. In long-continued lymphangitis the lymph-vessels contain

epithelioid and multinuclear cells derived from the endothelium.

The issue of lymphangitis is either complete restoration ad

integrum by re-absorption of the exudation and regeneration of

the lost endothelium, necrosis and abscess of the vessel and the

tissue surrounding it, or lastly fibrous hyperplasia and induration

of both. The latter occurs in chronic inflammatory conditions,
and may lead to the obliteration of the lymphatic vessel.

Like the non-specific inflammations, the specific inflammations

set up by the infective granulomata may invade the lymphatic

system. The lymphangitis thus induced often exhibits no special

peculiarities ; but in other cases the specific granulomatous pro-
liferation is induced. In this respect tuberculosis is the best

example, as the affection leads to the formation of characteristic

nodes within the lymph-channels.

References on Lymphangitis.
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25. Inflammatory processes affecting>the wall of a lymphatic
and the surrounding tissue, pressure from without, the ,irruption
of tumours or parasites into the lymph-channel, and other like

causes, often bring about occlusion of the vessel. If the number
of lymphatics thus obliterated is not great, while other vessels

remain open so that the lymph of the part can find an exit, no
further change is usually induced. Even the thoracic duct may
be occluded without serious danger, for other collateral paths are

opened up. But if the efflux of lymph is entirely prevented, as

in filarial disease, lymphatic engorgement ensues and the vessels

bivome gradually dilated, forming what is called lymphangiec-
tasis. Tliis affection may also develope without demonstrable
ii ui n linn -MI to the outflow of lymph, generally as a result of
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repeated attacks of local hyperaemia or inflammation, but at times
also without any such cause being apparent.

Lymphangiectasis following inflammation is observed chiefly
in connexion with the form of cutaneous and subcutaneous hyper-
plasia known as elephantiasis. The skin is thickened, and on
section allows an abundance of clear lymph to escape from the

dilated lymphatics. Sometimes the epidermis is raised in blisters

by the accumulated lymph.
Dilated chyliferous lymphatics are very often met with in the

mesentery : the usual cause is obstruction due to inflammatory
or neoplastic growths seated in the mesentery or thoracic duct.

Sometimes the obstruction is due to lymphatic thrombosis. The
dilated vessels look like straight cylindrical ridges or convoluted
saccular or moniliform cords ; their contents are either white and

limpid or pulpy and caseous.

Lymphangiectasis, not associated with engorgement or inflam-

mation, is generally congenital or depends upon congenital de-

fects. The affection known as lymphangiectatic macroglossia
and macrocheilia, a peculiar overgrowth of tongue and lips, is

due essentially to dilatation of the lymphatics of the parts. Lym-
pliangiectases of the skin, such as are often met with in the

inguinal region, scrotum, labia pudendi, lower limbs, and thorax,
are of the same nature. They sometimes take the form of diffuse

thickenings which are termed lymphangiectatic elephantiasis,
or of circumscribed tumour-like swellings, and are hence classed

with the tumours as lymphangiomata. It is not possible to draw
a sharp line between the swellings of this nature which we might
fitly call tumours and the others.

In addition to the lymphatic tumours described as lymphangio-
mata we have a class of new-growths specially affecting the lym-
phatic vessels, and known as endotheliomata. They have been
described chiefly as tumours of the serous membranes, of the pia
and dura mater, and of the skin ; and are either flattened and
diffuse or rounded and circumscribed swellings. They are classed

with the sarcomata, and are characterised by endothelial prolif-
eration and by the formation of peculiar nests and clusters of cells

lying in a kind of.fibrous stroma. Their structure thus resembles
in many points that of carcinoma.

When tumours break into the lymphatic channels the endo-
thelial cells may take part in the neoplastic proliferation, and

produce connective tissue. It is doubtful whether they have the

power of producing cancer-cells. According to the prevailing

opinion, cancer-cells are produced only by multiplication of cells

of a similar nature that have reached the lymph-channels.
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CHAPTER XII

26. The spleen is an organ which plays a peculiar and impor-
tant part in the metabolism of the blood ; and its relation to the
vital functions of the blood accounts in some measure for its

anatomical structure and for its special relation to the vascular
mechanism. The characteristic tissue of the organ is the red

spleen-pulp, which is com-

posed of blood-vessels and
adenoid tissue.

The spleen-pulp (Fig.
54) consists of cellular tis-

sue, having a delicate mem-
branous reticular stroma,
which is strengthened by
stouter fibrous strands or

septa originating in the

capsule or in the connective
tissue about the hilum, and
traversed by delicate arte-

rioles (c) and by wide thin-

walled venous capillaries,
or venules (a a^). The
mode of communication be-

tween the arteries and the
veins is not yet finally de-

termined. BANNWARTH
is of opinion that the arte-

rial capillaries empty their

blood into the pulp, and
that the venous capillaries
take up their blood from it.

Others maintain that there

FIG. 51. SECTION OF THE DAKK-RED SFLKEN-
PULP.

(From a child dead of acute pyaemia : prppara-
tion hardened in Mutter's fluid and alcohol,
and stained with gentian-violet: X 200)

a transverse section and
Oj longitudinal section of the venous capilla-

ries or venules of the pulp
b endothelium of venule
c arterial capillary
d pulp-trabeculae with colourless cells and red

blooblood-corpuscles
disintegrated red blood-corpuscles and cells

containing corpuscles
colonies of micrococci ill a vein
necrotic tissue

is direct communication be-
tween the arterioles and the venules, but the walls of the vessels
are said to be not continuous but perforated. The walls of the
small veins (a a

x) and arterial capillaries (c) consist of a some-
what closer stratum of the reticulum of the pulp, and of an endo-
thelial lining of flattened spindle-cells (6), the nuclei of which
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project into the lumen of the vessel. The pulp-tissue lying
between the vessels contains lymphoid cells and larger rounded
colourless cells with one or more nuclei (c?), ordinary, red cor-

puscles, together with corpuscle-carrying cells (e), pigment-
granule cells, and free yellowish or brownish or rust-coloured

pigment.
In addition to the pulp, the spleen contains lymphadenoid

structures known as malpighian follicles ( or corpuscles). They
form whitish granules within the red pulp, and are developed by
a partial transformation of the fibre-Cellular sheaths of the arteries

into reticular connective tissue. They either are situated at the

side of the arteries or surround them, and have a diameter of from
0.2 to 0.8mm. They contain only small capillary vessels which
enter into the substance of the pulp.

The external form of the spleen is somewhat variable, but it

is generally more or less flattened or tongue-shaped. It is often

remarkably lobulated, or at least deeply indented. One or more

supernumerary spleens or spleniculi, from the size of a bean to

that of a hazel-nut, are occasionally found near the spleen. Mis-

placements of the spleen are common. The weight of the normal

organ in an adult varies between 130 and 250 grammes.
Complete absence of the spleen is very rare, but does

occur in persons who are otherwise perfectly well-formed. The
malpighian follicles are often so small as to be unrecognisable by
the naked eye, or seen only with difficulty.

The functions of the spleen are as yet imperfectly ascertained,

though it is perhaps now established that the red corpuscles are

broken up within it. The corpuscles pass into the spleen-pulp
and are disintegrated within its cells, haemosiderin being thus
formed. New red blood-corpuscles are probably not produced in

the spleen, but colourless cells are supplied to the blood from the

malpighian follicles.

When elsewhere in the body an increased destruction of red and
colourless blood-corpuscles takes place, the products of disintegra-
tion are in large part brought to the spleen, and are there destroyed
and re-absorbed. The increased afflux of matters in process of

disintegration is usually accompanied by congestive hyperaemia
of the spleen, and is apt to produce a swelling of the organ, which
has been described as a spodogenous splenic tumour (o-TroSo?

ashes). When the material so brought is chiefly composed of

dead red corpuscles and their debris, the number of splenic cells

containing corpuscles and pigment is increased ; this may lead to

a rust-coloured pigmentation of the organ, from an increase in the

number of cells containing granules of -haemosiderin. If dying
or dead leucocytes reach the spleen, they also are taken up by the

cells of the pulp and destroyed.
Foreign matters, such as coal-dust, circulating in the blood,

are especially apt to be deposited in the spleen-pulp, where they
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lodge chiefly in the adventiti.il sheaths of the arteries. If a folli-

cle be situated at the side of a vessel, the coal-dust seems to be

deposited with preference on the opposite side (ARNOLD), but

the deposit may completely surround the arteriole. When an

arteriole traverses the centre of a follicle, the pigment is gener-

ally found in its immediate vicinity, spreading thence into the

substance of the follicle.

References on the Structure and Functions of the Spleen.
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27. Simple atrophy of the spleen occurs chiefly in aged or

marasmic patients. The organ is small, the capsule wrinkled and
sometimes thickened ; the pulp seems loose, pale, and tough, its

cells are scanty, the vessels are imperfectly filled with blood, and
the trabeculae appear relatively prominent.

Amyloid degeneration appears most frequently in the form
of the so-called sago spleen, in which the amyloid deposits are

found chiefly in the reticular tissue of the periarterial malpighian
follicles, and thence extend to the pulp (Fig. 55 6). The spleen
is usually somewhat enlarged, and of a much firmer consistence

than normal. In the brownish-red or greyish-red pulp, instead

of the normal whitish follicles, are found light-brown hyaline
translucent masses, resembling grains of boiled sago, and in size

considerably larger than the normal follicles. These bodies are

composed of a hyaline substance (Fig. 55 6), within which usu-

ally only the nuclei of the connective tissue and scattered leu-

cocytes are still to be seen. When the degeneration affects the

pulp by extension, or when it begins therein, the resulting degen-
ewition is more diffuse, and the spleen becomes firmer and is more

uniformly hyaline. Its resemblance to the rind of boiled bacon has
led to the name of lardaceous or bacon spleen which is generally

applied to it.
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The arteries are sometimes free from the amyloid change (a),
but sometimes they also have undergone degeneration. In amy-
loid degeneration of the pulp the walls of the capillaries and of

the veins are markedly degenerate and thickened.

According to STILLING, an amyloid spleen may contain, in the

media of the arteries and in the tissue immediately surrounding
them, as well as in the trabeculae of the reticulum, hyaline
masses that do riot give the characteristic amyloid reaction with
iodine. Under like conditions to those which cause amyloid
degeneration a hyaline degeneration, affecting the vessels and
the reticulum of the follicles, is sometimes observed.

Rupture of the spleen may take place spontaneously when the

organ becomes abnormally enlarged. Traumatic rupture is more

FIG. 55. AMYLOID DEGENERATION IN AND ABOUT THE SPLKNIC FOLLICLES.

(Preparation hardened in Mutter's fluid, stained with haematoxylin and eosin, and
mounted in Canada balsam: x 30)

a transverse section of branches of the splenic artery
6 amyloid patches c pulp d trabeculae

common, and may occur in a healthy spleen or in one which has

already undergone morbid changes. Ruptures of any considerable
size are followed by very grave haemorrhage. If the haemorrhage
be stayed by the formation of a coagulum filling the rent, the
wound may heal as in other organs, the clot being gradually
absorbed and finally replaced by a scar. The same process takes

place in other wounds of the spleen.
28. Passive hyperaemia or engorgement of the spleen, with
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its attendant consequences, follows upon such disorders of the cir-

culation as interfere with the emptying of the splenic veins. When
the hyperaemia is recent, the spleen is increased in size, filled

with blood, and of a dark blackish-red colour. Its veins are dis-

terfded, and the pulp contains more than the normal proportion of

red blood-corpuscles. When engorgement of the spleen has per-
sisted for some time, the organ is usually found to be either

normal in size or somewhat enlarged : it is rarely smaller. It is

commonly more cup-shaped than in health, and its edges are more
rounded. Its firmness and toughness are always increased, and
sometimes it is almost hard (cyanotic induration), owing to the

greater density of the pulp. The trabeculae stand out sharply ;

and the capsule is often thickened. The chief textural alteration

in such a spleen consists in the increased amount of fibrous tissue

it contains, the increase showing itself in the trabeculae and in

the walls and sheaths of the vessels. Occasionally the septal
strands of the reticulum of the pulp are found to be slightly
thickened.

Thrombosis of the splenic veins leads to notable swelling
of the spleen. Through the calcification of thrombi in dilated

branches of the splenic veins, concretions resembling calcified

parasites (such as Pentastoma) are formed.
Anaemia of the spleen, such as follows from great haemor-

rhage or from pressure exerted by the adjacent organs, manifests
itself by the very pale colour of the pulp.

Embolic infarction of the spleen is usually consequent upon
the loosening of portions of cardiac or aortic thrombi : the in-

farcts are generally from the first pale and anaemic ; they are less

frequently haemorrhagic. They are of various dimensions
;
small

ones may be of the size of a cherry, larger ones may extend over
as much as half or more or even over the whole of the spleen.

The infarcts that are usually seen at post-mortem examina-
tions are either of a dirty-yellow colour throughout, or the centre
is of a dull or greyish-yellow or reddish-brown tint, while the

margin remains dark.

In the red or haemorrhagic infarct the veins and capillaries, as
well as the splenic pulp, are fully distended with blood. The
follicles are infiltrated with extravasated blood only at their mar-

gins, the centres being usually unaffected. In anaemic infarcts

the red corpuscles are in part disintegrated into granular masses,
and in part deformed and decolorised. The nuclei of the trabe-
culae are no longer visible, the trabeculae themselves being swollen
and beset with oil-globules. The lymphoid follicles are either

necrotic,
4 or in process of breaking up into granular and fatty

detritus, few nuclei being visible. At a later stage the reticulum
and cells are alike transformed into a granular mass in other
words the entire tissue perishes by necrosis. Traces of the
normal structure remain only in the marginal zone of the infarct,
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in which staining-reagents still bring out the nuclei of the cells

and the trabeculae.

Inflammation and hyperplasia of the surrounding splenic tissue

follow the necrosis, and the necrotic mass is thus by degrees
re-absorbed. After a time a dense shrunken radiating cicatrix is

formed in the site of the infarct ; it is often pigmented, or flecked

with shining white spots. Large infarcts are sometimes imper-
fectly re-absorbed, so that the cicatrix encloses a necrotic caseous

patch.
If bacteria reach the seat of infarction, purulent or gangrenous

inflammation may be set up instead of the changes just described.

References on Engorgement and Infarction of the Spleen.
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HAMILTON: Infarction Liverpool med.-chir. Journ. 5 1883
LITTEN : Infarcts Z.f. klin. med. i

NIKOLAIDES: Histology of the engorged spleen F. A. 82 1880
PILLIET : Senile changes in the spleen A. de med. exp. v 1893
SOKOLOFF: Venous hyperaemia V. A. 112 1888
WEIGERT: Morbid coagulative processes (infarction) V. A. 79 1880

29. Congestive hyperaemia occurs most frequently as a

morbid condition in those infective diseases which are accom-

panied by contamination of the blood with parasites or poisons.
An acute enlargement of the spleen is thus produced, the

organ often reaching a considerable size. The capillaries and the

veins undergo a marked widening of their lumen, and the mass
of the spleen-pulp contains more blood-corpuscles than in its nor-

mal condition. The pulp is stained an intense red, and is so soft

that on section it may be easily scraped away. The malpighian
follicles sometimes stand out distinctly as white nodules ; some-
times they are scarcely recognisable amid the swollen pulp.

The congestive Jiyperaemia may pass away rapidly, but it

often persists for some time, and further changes are set up in

consequence. This is especially the case with the enlargement
accompanying typhoid fever, pyaemia, relapsing fever, ague,
acute nephritis, scarlatina, and anthrax. When the enlargement
has existed for a time the pulp appears no longer red, but greyish,
or pale reddish-grey, and is excessively soft, so that if the body
be not entirely fresh the pulp will be almost diffluent. With the

paling of the colour the volume usually increases, reaching some-
times the double or quadruple of its normal size. In extreme
cases the swelling may lead to bursting of the capsule, and thus

to rupture of the splenic tissue.

Enlargements of the spleen which are characterised by a grey-
ish-red or greyish-white colour of the pulp, are to be regarded as

due to inflammation, and the process is called splenitis. In red
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spleens also histological changes are often found that show the

process to be an inflammatory one, hyperaemia having passed into

intlammation. In severe cases the splenic capsule is sometimes
involved and becomes covered with fibrinous or fibrino-purulent
or purulent exudations, so that we may speak of the condition
as perisplenitis.

The hyperaemia and inflammation of the spleen accompanying
infective diseases are caused partly by the micro-parasites inter-

cepted and retained within the splenic tissue, partly by the toxic

products elaborated by them. Accordingly in many of the infec-

v*^*?*V*
FIG. 56. LYMPHOID FOLLICLE OF THE SPLEEN WITH CENTRAL NECROSIS.

(From a case of diphtheria : preparation hardened in Flemming's acid solution, stained

with^saffranin, and mounted in Canada balsam: x 300)

a central portion of the follicle, with numerous small masses of cellular detritus and
a protoplasmic network containing feebly-stained nuclei

6 peripheral zone containing leucocytes

tions (pyaemia, typhoid fever, relapsing fever, anthrax, diphthe-
ria, malaria), the presence of such parasites is demonstrable in

the blood-vessels (Fig. 54), in the pulp (Fig. 57), or in the folli-

cles. When excessive destruction of the blood from any cause
takes place, the pro^uots of disintegration thus formed may also

be deposited in the spleen, and produce
'

spodogenous
'

enlarge-
ment.

The micro-organisms brought to the spleen and the special

poisons they elaborate not rarely give rise to more or less exten-
sive necrosis of its tissue, aifecting the follicles or the pulp. In

pyaemic infection necroses occur in the neighbourhood of the



110 MORBID CHANGES IN THE SPLEEN [CHAP. XII

colonies of bacteria developing within the spleen (Fig. 54#). In

diphtheria, on the other hand, in which the pulp is usually only
slightly swollen and fairly firm, the follicles appear prominent
by reason of their size and their dull white colour. Necrosis
of numerous lymphoid cells within the follicles is often observed,
their nuclei breaking down and their protoplasm becoming lique-
fied to such an extent that the follicles (Fig. 56) consist only
of nuclear detritus (a), while at the same time the adenoid reticu-

lum is reduced to a network of swollen cells with pale nuclei.

In relapsing fever the swollen and red or reddish-brown

spleen contains areas resembling ischaemic infarcts (Art. 28),

pale-yellow necrotic patches, and also small spots of necrosis

limited to the follicles, within which (NiKiFOROFF) the cells are

dead and devoid of nuclei. In patients who have died during an
acute exacerbation of relapsing fever, the spleen shows, near the

patches of necrosis, areas in which some only of the cells have
lost their nuclei (Fig. 57 c), and in these areas can be seen more
or less numerous groups of the specific spirilla lying free (a) or

enclosed within nucleated or denucleated cells.

In typhoid fever also the swollen spleen contains large pale-

yellow necrotic masses, resembling anaemic infarcts, due proba-

bly not to any direct action of the specific bacteria, but to disorder

of the circulation from coagulative changes within the blood-

vessels. It is very probable that the extensive necrosis met with
in the spleen in relapsing fever is also due to the same cause.

Besides the above-named degenerations and necroses, which
occur only in certain of the infections, acutely-swollen spleens
show a more or less marked increase of the cellular elements con-

tained in the pulp in red spleens chiefly of the red blood-cor-

puscles, in pale spleens of the colourless elements. Among the

latter occur numerous multinuclear leucocytes. At times fibrin-

ous coagulation takes place, especially in cases associated with
necrosis. Moreover, according to the nature of the infection and
the stage the disorder has reached, we may find disintegrated and

fatty leucocytes and large pulp-cells containing bacteria or other

parasites (such as the Plasmodium malariae), or large uninuclear
cells (Fig. 57 /) containing red corpuscles (sometimes as many as

ten) or haemosiderin derived from them, together with leuco-

cytes, whole or disintegrated. All these cells may be found
within the dilated blood-vessels, or in the pulp. The endothelium
of the veins may also be swollen or in part desquamated, and so

likewise the cells of the pulp-reticulum. Karyokinetic figures are

seen more or less frequently in the living cells both of the follicles

and of the pulp.
The further course and the consequences of congestive hyper-

aemia and inflammation of the spleen differ in different cases.

As the general disease passes away the infiltration and swelling
of the spleen-pulp usually diminish. The red and white blood-
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cells accumulated in the pulp are gradually passed on or destroyed,
and the spleen recovers its normal size and appearance.

In other cases it happens that after inflammation the spleen
remains permanently altered. In the first place diffuse or circum-
scribed thickenings appear on the capsule, and take the form of

flattened lenticular nodules or large cicatricial patches. These

appear as a rule when the spleen has been covered over with
a tibrinous exudation, the absorption of which has taken place
but slowly, while part of it is replaced by granulation-tissue.
Adhesions of the spleen to the surrounding structures are a
common result of the process.

The inflammatory changes sometimes result in more or less

extensive atrophy of the spleen, the pulp-tissue decreasing per-

Fio. 57. PORTION OF TISSUE AND ISOLATED CELLS FROM A SPLENIC FOLLICLE
UNDERGOING PARTIAL NECROSIS.

(After NIKIFOROFF: from a case of relapsingfever : preparation fixed in bichromate of
potassium and corrosive sublimate, and stained with methylene-blue : x about 600)

a free spirilla
6 lymphocytes with spirilla
c lymphocytes without nuclei
d large uninuclear pulp-cells

e small uninuclear pulp-cells
/ phagocytes containing leucocytes and red

corpuscles with their detritus

g free red blood-corpuscles

ceptibly in bulk. This happens chiefly in cases accompanied by
indurative thickening of the capsule, which hinders the expansion
of the organ. The trabeculae are sometimes unchanged, but

occasionally they too are thickened.

Enlargement with induration of the splenic tissue is especially

apt to follow repeated attacks of hyperaemia and inflammation, as

in malarial fever, and is dependent either upon an actual increase

of the pulp-tissue or upon the formation of new connective tissue

within the reticular framework. Deposits of haemosiderin or of

malarial pigment may lead to a simultaneous pigmentation of the

spleen. The pigment lies in the free cells of the pulp, in the con-

nective-tissue cells of the trabeculae, or in the vessel-walls.
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Inflammation may also end in suppuration, which is usually
circumscribed, and leads to the formation of a splenic abscess.
In some cases however, the foci of suppuration are scattered so

closely throughout the entire substance of the organ that we
might fitly describe it as universal. Small abscesses may heal, and
be replaced by connective tissue ; large ones may diminish in size

by the absorption of the pus, their cavities being closed up by
granulations and cicatricial tissue, which afterwards undergo cal-

cification. The splenic abscess often breaks through the capsule ;

and should the spleen be free from old adhesions the pus entering
the peritoneal cavity gives rise to fatal peritonitis. If adhesions
to contiguous organs have been previously formed the abscess may
break into the stomach, intestine, pleura, or lungs.

References on Acute Enlargement of the Spleen in Infective Diseases,
and on Purulent Splenitis.

BARDACH: The spleen in infective diseases Ann. de Vlnst. Pasteur 1889
BESNIER : Art. Rate in Diet, encyclop. des sciences me'd.

BIGNAMI : Chronic malaria Cent.f. ally. Path. v. (p. 356)
BILLKOTH: Normal and morbid anatomy of the spleen V.A. 23 1862
BiRCH-HiRSCHFELD : Acute splenic tumour A. d. Heilk. xm 1872
EH.RLICH : idem Charite'-Ann. ix Berlin 1884
FRANKEL: Splenic abscess in typhoid Jahrb. Hamburg. Staatskrankenanstalt i

Leipzig 1891
FRIKDREICH : Acute splenic tumour Volkmanrfs klin. Vortrdge 75 1874
GERHARDT: Enlargement of the spleen in pneumonia Charite'-Ann. xm 1888
HESS : .The large cells in acute splenic hyperplasia Ziegler's Beitrdge vn 1890
KLEIN : Trans. Path. Soc. xxvm London 1877
LANCEREAUX : Gangrene of the spleen Gaz. me'd. de Paris 1863
LUBIMOFF: Pathology of biliary typhoid F..4. 98 1884
MARTINOTTI and BARBACCI : Acute splenic tumour in infections Cent. f. allg.

Path, i 1890
METSCHNIKOFF : Phagocytosis in relapsing fever V.A. 109 1887
MULLER : Histology of acute enlargement of spleen Inaug. Diss. Freiburg 1890.
NIKIFOROFF : The spleen in relapsing fever Ziegler's Beitrage xn 1892
PONFICK : Studies on relapsing fever V.A. 60 1874
SOKOLOFF : Pathology of acute splenic tumour V.A. 66 1876
SOUDAKEWITSCH : Researches on relapsing fever Ann. de VInst. Pasteur 1891
WEIGERT : Beitrage z. Lehre von d. Pocken (necrosis of spleen) u 1875

30. Persistent or progressive splenic enlargement, due to

an increase of the essential tissue of the spleen, must be regarded
as a hyperplasia of the organ. It occurs, apart from inflamma-

tory conditions, as a definite disease associated with certain mor-
bid changes in the blood, which manifest themselves either by
leukaemia (Art. 2) or by simple anaemia. The former com-
bination is called leukaemic. and the latter pseudo-leukaemic,
hyperplasia of the spleen. In their histological structure these

two forms of splenic tumour are very much alike, and cannot

be distinguished by mere examination of the spleen, without
reference to the condition of the blood. The aetiology of the

disease is unknown ; its course is a chronic one, though acute cases
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are recorded in which death took place in a short time. The
change in the spleen is in some instances the only primary organic
affection present; in other cases it is combined with analogous
changes in the lymph-glands (Art. 38) and in the bone-marrow

(Art. 41). The morbid hyperplasia may start first in the spleen,
in the lymph-glands, or in the bone-marrow.

The hyperplasia as a rule extends uniformly over the entire

spleen ; it is rarely limited to isolated patches. So far as is

known the affection commences with an increase of the entire

parenchyma, the constituent elements all undergoing hyperplasia.
The tissue is bright-red and soft, the follicles being nowhere

markedly prominent. In a much rarer form of the affection

the malpighian follicles (Fig. 58 a) first become hypertrophied,
and stand out as greyish nodules or as white lobulated clusters

or beaded strings.

FIG. 58. HYPERTROPHY OF THE FOLLICLES OF THE SPLEEN.

(From a case of spleno-lymphatic leukaemia in a child: natural size)

a white lymphoid follicle b yellowish ischaemic infarct

As the parenchyma increases in size the originally soft tissue

becomes firmer, and at the same time paler. The follicles are

often at this stage but slightly enlarged, but they sometimes
become hypertrophied and form whitish nodes and clusters of con-

siderable size (Fig. 58). The capsule is generally somewhat
thickened and beset with coarse fibrous patches of various sizes,

and adhesions are often formed between it and the surrounding
organs. The enlargement thus brought about may be very con-

siderable, the weight of the spleen sometimes reaching three or

more kilogrammes.
In the earlier stages the hyperplastic enlargement of the pulp

and follicles, apart from the amount of blood that may be present,
is primarily due to an increase in the number of the constituent

cells. Later on the connective tissue increases in amount, and so
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leads to the greater consistence of the organ. When the follicles

develope into nodes of any size they compress the spleen-pulp
more or less between them, and this part of the structure often

becomes atrophied in consequence. It is then found to contain

fatty degenerate cells and pigment-granules either free or en-

closed in cells. The section thus assumes a peculiar mottled or

marbled appearance, the brown and yellow pigmented and atro-

phied pulp alternating with greyish and yellowish follicular

nodules. The disorders of circulation consequent upon these

textural alterations often lead in the later stages to the formation

of .haemorrhagic infarcts and anaemic necroses (Fig. 58 6); these,

according to their age, appear as red, brown, or yellow and clay-
coloured patches. Haemorrhagic and anaemic necroses, after re-

absorption has taken place, sometimes leave behind fibrous and

occasionally pigmented cicatrices. In hyperplastic spleens of long
standing the enlarged follicles have to a great extent lost their

original structure, and consist of fibro-cellular tissue with no trace

of the original reticulum. The pulp also becomes in places more

fibrous, and loses much of its characteristic structure.

A second form of splenic hyperplasia is met with in cases

where enlargement of the spleen accompanies hypertrophic or

atrophic cirrhosis of the liver. In this form also the spleen may
attain a very considerable size, so that its weight reaches from
500 to 1000 grammes or more. Under certain conditions it may
even exceed the weight of the liver.

The enlarged spleen in cirrhosis of the liver is similar in

appearance to the leukaemic and the pseudo-leukaemic spleen,

though the follicles are not enlarged. It is usually regarded as

due to chronic venous engorgement (Art. 28); but the appear-
ance of the pulp is against this view. It is fairly soft in consist-

ence and not so dark-red as in the hyperaemic spleen, and the

enlargement may be very considerable even when there is no

engorgement. In moderately-enlarged spleens the pulp is rich in

red and colourless corpuscles, while its structure is not materially
altered. Where the enlargement is extreme, on the contrary, the
characteristic structure of the pulp may be more or less effaced

and the reticular tissue in part replaced by large-celled connective
tissue with a fibrillated ground-substance. It is somewhat re-

markable that in these cases the spleen contains a certain number,
sometimes a very large number, of fatty degenerate leucocytes.

References on Splenic Hyperplasia.

ARNOLD: Cell-division in splenic hyperplasia V: A. 951884
BANTI : Enlarged spleen in hepatic cirrhosis Lo Sperimenlale 1894
BiRCH-HiRSCHFELD : Gerhardfs Handb. d. Kinderkr. in
GOWERS : Trans. Path. Soc. xxix London 1878
LANGHANS: Malignant lymphosarcoma V. A. 54 1872
MOSLER : Path, and Therap. der Leukamie Berlin 1872
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VIRCHOW : V. A. 5 1853, and Gesamm. Abhandl. 1856
WKSTPHAL: Pseudo-leukaemia D. A.f. klin. Med. LI 1893 (with references)

31. Tubercles are very frequently found in the spleen. In
acute general tuberculosis, miliary tubercles are nearly always
present both in the parenchyma and in the capsule. In chronic

tuberculosis the disease when it affects the spleen gives rise to

caseous nodes of various sizes (Fig. 59 a), whose centres gener-

ally soften and break down. The tubercles are situated in the

malpighian follicles, in the arterial sheaths, and in the pulp.
In leprosy, aggregations of cells containing bacilli make their

appearance in the spleen.

FIG. 59. CHRONIC TUBERCULOSIS OF THE SPLEEN.

(From a child : natural size)

a large caseous nodes

Gummata rarely develope in the spleen, though they are some-
times met with both in congenital and in acquired syphilis. They
may be single or multiple, forming grey translucent nodes, which
in later stages become yellow and opaque with a greyish-white
translucent periphery.

Syphilis may also manifest itself by a general hyperplastic

enlargement of the spleen, which is observed mainly in the con-

genital form of the disease ;
in some cases the pulp-cells, in others

the fibrous constituents, take the chief part in the overgrowth.
While the spleen of a new-born infant weighs about 9 grammes
or 0-3 per cent, of the body-weight, in syphilitic infants the

average weight of the spleen is, according to BIRCH-HIRSCHFELD,
14 grammes or 0-7 per cent, of the body-weight, and it may be as

great as 100 grammes (ZIEGLER).
Actinoniycosis of the spleen leads to purulent inflammation.
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References on Syphilis of the Spleen.

BARENSPRUNG : Die hereditdre Syphilis Berlin 1864
BAUMGARTEN : Miliary gummata in the spleen V. A. 97 1884
BEER : Die Einyeweidesyphilis Tubingen 1884
BIRCH-HIRSCHFELD: A. (1. Heilk. 1875, Gerhardfs Handb. d. Kinderkrankh. IV
GOLD: Vierteljahresschr. f. Derm. u. Syph. 1880
LAXG : Varies, uber Syphilis u Wiesbaden 1885
VIRCHOW : Die krankh. Geschwiilste

WAGNER : Syphiloma A. d. Heilk. i-v 1863
WEIL: D. A.f. klin. Med. xin 1874

32. Primary neoplasms of the spleen are very rare.

Fibroma, sarcoma, angioma, and lymphangioma have been met
with. LANGHANS has described a case of pulsating cavernous

angioma of the spleen, with metastases in the liver. The new-

growth occupied nine-tenths of the already greatly-enlarged bulk
of the spleen.

Cysts containing serous liquid may occur in the splenic cap-
sule ; they are produced by the abstraction of portions of the peri-
toneal endothelium (REXNGLI). They are however very rare.

Metastatic growths, especially of carcinoma and sarcoma,
are more common than the primary forms. They usually take

the shape of rounded nodules.

Pentastoma, Echinococcus (hydatids), and Cysticereus are met
with as animal parasites of the spleen.

References on Tumours of the Spleen.

BARBACCI : Lymphangioma Lo Sperimentale 1891
EILELT : Prag. Vierteljahrsschrift 7(J 1862
FINK : Fibroma and lymphangioma Prag. Z. f. Heilk: vi 1885
LANGHANS: Cavernous tumour V. A. 75 1879
MARTIN : Cavernous tumours and sai'coma of the spleen in the horse Jahresber.

d. K. Thierarzneischule Munich 1882-83
RENGGLI : Multiple cysts of the spleen Inaur/. piss. Zurich 1894
SCHEFFER: Jahrb. f. Kinderheilk. xv 1880
SPILLMANN : Cystic haematoma A. de physiol. 1876
WEICHSELBAUM : Sarcoma and lymphoma V. A. 85 1884
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CHAPTER XIII

MORBID CHANGES IN THE LYMPH-GLANDS

33. The lymph-glands are structures of peculiar formation
intercalated in the course of the lymphatic vessels: they consist on
the one hand of the lymph-paths or sinuses communicating with
the lymphatics (Fig. 61 b and Fig. 62 b c), on the other of the

lymphatic follicles (Fig. 61 a and Fig. 64 a) and the inter-

folltcular septa. The supporting framework of both sets of

structures is a reticular connective tissue, whose trabeculae con-

tain nuclei at their intersections and are covered with a layer of

endothelium, and whose meshes enclose free lymphoid cells. In
the lymphatic follicles a central region can be distinguished, the

cells of which are somewhat larger and stain less readily than the

lymphocytes of the peripheral zone. Among the larger cells a

number always contain nuclei in process of division, so that this

region is to be regarded as the germinal centre (Fig. 64 a) of the

lymph-gland, from which new cells are continually being produced
and supplied to the lymph flowing through the gland. The deli-

cate reticular framework is supported by a many-layered fibrillar

capsule ; from this trabecular septa extend into the interior and
unite at the hilum of the gland, thus dividing the parenchyma
into separate segments or loculi.

Simple atrophy of the lymph-glands is to some extent a
normal accompaniment of advanced age, when the lymph-glands
and the lymphadenoid follicles of the mucous membranes tend
to become smaller. When this shrinkage takes place early in

life, or in an aged person to an unusual degree, it must be regarded
as pathological.

The lymphoid elements, especially those in the centre of the

gland, are first and most markedly affected. They may entirely

disappear, the remaining connective tissue being changed into

adipose tissue, beginning at the hilum. This change is most

frequently observed in the mesenteric glands.

Atrophied lymph-glands, when they are not pigmented, have
a light-grey tint and are usually firmer than normal ; when they
become fatty they exhibit the characteristic appearance of adi-

pose tissue.

Amyloid degeneration of the lymph-glands usually accom-

panies amyloid disease of other organs ; it is rarely met with by
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itself. When the glands alone are affected the change is nearly

always due to some chronic tuberculous suppuration within the

territory whence their lymph-supply is drawn ; at times the

glands themselves are also beset with tubercles. If the amyloid
change is at all advanced it is often distinguishable by the dull

greyish tint and firm consistence of the glands on section ; to

make certain, however, we must employ the iodine or methyl-
violet reaction, or examine the glands microscopically. At times

the lymph-sinuses are chiefly
affected ; in other cases, and
this occurs more frequently,
the follicles and the septa.

The process of degenera-
tion begins with a hyaline

thickening of the reticulaf

trabeculae (Fig. 60 a). Then
the thickened trabeculae be-

come nodulated (6) and

finally by coalescence form
continuous homogeneous
blocks or flakes. The nuclei

of the reticulum (c c?) often

remain unaltered for an as-
60. AMYLOID SWELLING OF THE ADENOID

RETICULUM.

it

(After EBERTH: methyl-violet preparation .

X350)

a normal reticulum
6 swollen reticulum
c unaltered nucleus
d degenerate nuclei
e normal lymphoid corpuscles
/ atrophied lymphoid corpuscles

tonishingly long time, but

ultimately they disappear.
The lymphoid elements di-

minish in proportion as the

reticulum thickens, and may
here and there disappear

entirely.

Hyaline degeneration
occurs within the lymph-glands, especially affecting the walls of

the blood-vessels (Fig. 35). Other portions of the gland may
also be converted into hyaline masses. The caseation of tuber-

culous lymph-glands is sometimes preceded by a homogeneous
degeneration of their cells.

References on Degeneration of the Lymph-glands.

BAUMGARTEN : Tuberculosis Z. f. kiln. Med. ix
BILLROTH : Pathol. Hi'stologie Berlin 1858
FLEMMING: On regeneration of tissues A.f. mikrosk. Anat. xxiv 1884
HOYER : Researches on lymph-glands A.f. mikrosk. Anat. xxxiv 1890
KOEPPE : The lymph in its relation to the development of cells in the lymph-

glands A.f. Anat. supplement 1890
LIONVILLE : Mediastinal adenopathy in the aged A. de physiol. 1869
RANVIER : Traite d'histologie Paris 1875-88
VALLAT : Hyaline degeneration in tubercle and gumma V. A. 89 1882
WIEGER : Hyaline degeneration in the lymph-glands V. A. 78 1879
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34. Minutely-divided foreign substances that have gained
access to the lymphatic vessels are intercepted and retained for

a longer or shorter time in the glands. Dead cells thus brought
to the lymph-glands are there disintegrated. Thus, during the

re-absorption of extravasated blood, the detritus of the red blood-

corpuscles is conveyed to the lymph-glands and there accumu-

lates, enclosed within the carrier-cells.

At first the pigment-carrying cells are met with mainly in the

lymph-sinuses (Fig. 61 6), but afterwards they enter the follicles

(a) and the reticular mesh-work. If they are numerous the lymph-
gland will present a dark brownish-red or rust-coloured appearance,
not unlike that of the reddish-brown spleen-pulp.

Other substances may in like manner be retained in the

glands, and if they have any colour of their own the gland of

course becomes pigmented. The most familiar instance of this

is the grey or black pigmentation of the bronchial glands at

FIG. 61. DEPOSIT OF PIGMENT-CARRYING CELLS IN A LYMPH-GLAND AFTER
RE8ORPTION OF AN EXTRAVASATION OF BLOOD.

(Preparation hardened in Mutter's fluid, stained with carmine, and mounted in Canada
balsam : X 100)

a follicle near the surface 6 lymph-sinus in a septum c pigmeut-granule cell

the hilum of the lung. In persons who have had their skins

tattooed the glands which receive the corresponding lymphatics
are often found after a time to contain some of the insoluble

pigment. After inflammation of the skin its pigment may be

carried to the lymph-glands.
The consequences of this deposit of inert foreign matters in

the glands depend on their amount and on their physico-chemical
nature. Many substances, such as calcium carbonate, are dis-

solved ; others, like charcoal or cinnabar, remain and lead to

permanent pigmentation. They lie enclosed in lymphoid cells

(Fig. 62 c) or lodged in the cells of the reticulum or the trabec-

ulae. If the amount present is small the changes induced are

trifling ; larger amounts lead to shrinking and induration of



120 MORBID CHANGES IN THE LYMPH-GLANDS [CHAP. XIII

the gland. The lymphoid elements dwindle and disappear, while

the meshes of the reticulum become tilled with pigment-carrying
cells (Fig. 62 c and c') and free pigment. The reticulum may be

unaltered, or in part hyper-
plastic (a), in which case it is

made up of large branching
and anastomosing cells. Dense
fibrillar connective tissue (6)
is often formed in places, and
this too contains pigment.

When insoluble dust is

carried to the gland in great
abundance, softening as well

as inflammation and hyper-
plasia of the surrounding
structures may take place.
This sometimes gives rise to

adhesions of the gland to the

parts in its immediate neigh-
bourhood, and not infre-

quently results in ulceration

of the adjacent tissues.

Chemically
- active sub-

a reticulum made up of large branched cells

6 fibrillar connective tissue

c and c' round cells containing pigment

FIG. 62. SECTION OF A SLATE-COLOURED
LYMPH-GLAND OF THE LUNG.

(Preparation hardened in alcohol, stained
with carmine, and mounted in Canada
balsam : X 250)

stances have of course a very
different effect, as also such

living micro-organisms as

may reach the glands. They usually set up more or less intense

inflammation, and not infrequently lead to active proliferation
and hyperplasia.

References on the Deposition of Foreign Substances in the Lymph-
glands.

ARNOLD : Staubinhalation und Staubmetastase Leipzig 1885
DE FILIPPI :

' Ferratin
'

Ziegler's Beitrage xvi 1894
GABBI : Normal haematolysis Ziegler's Beitrage xiv 1893
GROHE : Melanaemia V. A. 20 1861
HINDEJSLANG : Pigmentation of lymph-glands in purpura V. A. 79 1880
OEKONOMIDES : Chronic affections of the bronchial glands Inaug. Diss. Basle

1882
ORTH : The lymph-glands in resorption of extravasated blood V. A. 55 1872
RIEHL: Pigmentation of lymph-glands in Addison's disease Z.f. klin. Med. x
SCHMORL : Transport of pigment from the skin Cent.f. allg. Path, iv 1893
VIRCHOW : Cellularpathologie 4th edition (p. 224) Berlin 1871

35. Inflammation of lymph-glands or lymphadenitis is

usually of lymphogenous origin, but it may also be set up by
irritants brought to the glands by way of the blood. The most

frequent causes of the inflammation are bacteria, or the chemically-
active poisons or ' toxins

'

produced by them.
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The chief symptom of acute inflammation is swelling of the

gland (in the inguinal region the swelling is called a bubo).
This is primarily due to excessive dilatation of the blood-vessels

of tlie gland, and is afterwards increased by the accumulation of

inflammatory exudations in the gland-tissue. The appearance of

the inflamed gland varies with the intensity of the hyperaemia
and the condition of its parenchyma; its colour is sometimes grey-
ish-red to dark-red, sometimes light-grey or greyish-white : in

consistence the tissue is usually soft and moist. In severe cases of

longer duration patches of necrosis appear, which are small (as in

diphtheria) or large (as in typhoid fever), and have a turbid
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Fio. G3. INFLAMMATORY OEDEMA OF A LYMPH-GLAND, WITH CATARRHAL DESQUAM-
ATION OF THE ENDOTHELIUM OF THE LYMPH-CHANNELS.

(From a cervical gland of a child dead of scarlet fever: preparation hardened in M til-

ler's fluid, stained with haematoxylin and eosin, and mounted in Canada balsam:
X 300)

a lymphoid tissue 6 lymph-channel
c connective-tissue trabeculae d desquamated endothelium
e clear space distended with liquid

greyish-white tint. In other instances yellowish-white foci of

liquefaction and suppuration are visible (as in pyaemia or syphi-
litic chancre). The circumglandular tissue is usually also in-

flamed, oedematous, or infiltrated with purulent or fibrino-puru-
lent or haemorrhagic exudations.

The irritant which gives rise to lymphadenitis may lead to

primary necrosis or at least to degeneration of the tissue of the

gland. Thus in septic suppuration more or less extensive necrosis

occurs in the neighbourhood of the bacterial colonies. In diphthe-
ria we find in the germinal centres of the lymph-follicles necrotic
foci similar to those already figured and described in the case of
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the follicles of the spleen (Fig. 56). Within these areas the nu-
clei of the lymphocytes and of the reticulum are disintegrated or

deprived of their chromatin, the reticulum itself is replaced by
peculiar formations that appear granular or homogeneous accord-

ing to the method of preparing the tissue for examination. In

diphtheria, such changes take place chiefly in the tonsils and fol-

licular glands of the pharynx, and in the lymph-glands correspond-

ing to the area of mucous membrane inflamed ; but they are not

absent in other aggregations of lymphadenoid tissue, such as the

mesenteric glands and the agminate and solitary follicles of the

FlG. t>4. FlBKlNOUS LYMPHADENITIS.

(Red and swollen cervical gland from a child icho suffered from laryngitis and trache-
itis due to diphtherial croup : preparation hardened in Mailer's fluid, stained with
haematoxylin and eosin, and mounted in Canada balsam: X 200)

lymph-follicle with well-marked ger-
minal centre

b c lymph-channels with fibrino-haemor-

rhagic exudation
d distended blood-vessel

intestine. Similar but less pronounced changes are occasionally
met with in connexion with other varieties of acute lymphadenitis,
as for instance in the mesenteric glands after acute intestinal in-

flammation. In other cases again conditions of fatty degenera-
tion are observed, partly in the cells of the follicles and septa, and

partly in the cells of the lymph-channels.
The exudation is at the outset composed chiefly of liquid, which

is poured into the lymph-channels and often flushes them out to

such an extent (Fig. 63 6) that they become at first almost devoid
of cellular elements. This often leads to desquamation of the
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endothelium of the lymph-channels, which then contain large
cast-off cells (Fig. 63 c?), and they may thus be said to be in a
condition of desquamative catarrh.

Jn more intense inflammation the exudation assumes a fibrin-

ous, fibrino-haemorrhagic, or purely haemorrhagic character. The
admixture of a few red blood-corpuscles with the contents of the

lymph-channels is very common both in the catarrhal form and in

ordinary inflammatory swelling. The fibrinous exudation appears
most frequently in the lymph-channels (Fig. 64 b c). These may
be in parts markedly distended, and contain a loose fibrinous

mesh-work enclosing leucocytes and red blood-corpuscles. In

diphtheria the lymphadenoid follicles of the tonsils, the follicular

glands of the tongue, and the cervical lymph-glands, are the chief

seats of the fibrinous exudation ; and they are sometimes, whether

they are necrotic or other-

wi$e unaffected, permeated
by a close mesh-work of

fibrinous filaments (Fig.
64 a).

Fibrinous exudations in

the glands occur mainly in

connexion with croupous
inflammations (such as

diphtheria or pneumonia)
of the corresponding mu-
cous membranes, and witli

typhoid fever ; the necrotic

foci which in typhoid are

formed in the mesenteric

glands may be thickly beset

with fibrinous threads. The
blood-vessels in these in-

flammations often show

signs of hyaline thickening.
When inflammation leads to suppuration a large number of

multinuclear leucocytes are collected in the lymph-glands, and
abscesses are formed. These cause a larger or smaller portion
of the gland to undergo liquefaction and disintegration, and not

infrequently extend to the adjacent parts, giving rise to purulent
periadenitis.

The process of resolution after inflammation consists chiefly
in the removal of the exudation, the fibrin and cells it contains

being disintegrated and liquefied : the cells frequently show signs
of swelling and fatty degeneration before they disappear. The
debris of the exudation, and in particular ofjjthe red blood-

corpuscles, is largely taken up by the surviving proliferous
cells.

Signs of proliferation are soon visible both in the free and in

FIG. (>5. FIBRINOUS MESH-WORK IN THE LYM-
PHADENOID FOLLICLES OF THE TONSIL IN
CROUPOUS PHARYNGITIS FROM DIPHTHERIA.

(Preparation hardened in alcohol, stained with
methyl-violet, and partly decolorised with
iodine, xylol, and aniline-oil : x 150)

follicle with fibrinous mesh-work
interfollicular tissue coutainiug lymphoid cells
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the fixed cells, not only within the lymph-follicles, but also in

the gland-tissue generally. It is not known to what extent this

process is capable of replacing tissue that has perished by normal

lymphadenoid tissue. When a gland encloses large necrotic foci

or abscesses, hyperplastic inflammation goes on for a long time
in the adjacent tissue. This chronic indurative lymphadenitis
leads to the formation of ordinary granulative or cicatricial tissue,

which gradually fills the place of the abscess or necrotic patch, and
in this way repair is effected, a scar being formed in the site of

the tissue that has been lost. When the necrotic or suppurating
parts are too large to be completely absorbed, they are converted
into a dry mass which undergoes calcification, and the lymph-

FIG. 6<>. FIBROUS HYPERPLASIA OF A LYMPH-GLAND.

(Preparation hardened in alcohol, stained with haematoxylin, and mounted in Canada
balsam)

a thickened capsule b fibrous bands pervading the gland
isolated remnants of gland-tissue

glands then enclose calcareous foci surrounded by connective

tissue, or are entirely converted into aggregations of calcareous

nodules.

Chronic inflammations of the lymph-glands, other than those

due to the presence of suppurating or necrotic foci or to specific
causes such as tuberculosis and syphilis, are most frequently
induced by long-continued inhalation of dust (Art. 34, Fig. 62).
Chronic inflammation in the tissues from which the lymph-glands
derive their lymph, such as the skin or intestine, may however

give rise to persistent irritation in the glands and induce chronic

hyperplasia of their structure. In such cases the glands are usually
but little altered, if at all ; the only perceptible change consisting
in the excessive number of cells they contain (so-called hyper-
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trophy). It may however happen, as in the case of glandular

hyperplasia from the irritation of dust, that the connective-tissue

elements undergo proliferation, and this leads to fibroid induration
of the substance of the gland (Fig. 66 a H).

Reference* on Lymphadenitis.

BERTHERAxn: Traite des adenites Paris 1852
BILLROTH : Pathologische Hixtologie Berlin 1858
BULLOCH and SCHMOKL: The lymph-glands in epidemic diphtheria Ziegler's

Beitrage xvi 1894
KI.KIN : Trans. Path. Soc. xxvm London
OEKONOMIDES : Chronic affections of the bronchial glands Inaug. Diss. Basle

1882
OEKTEL : Pathogenese d. epidemischen Diphtheric Leipzig 1887
PKTKRS : Hyaline degeneration in diphtheria of the respiratory tract V. A. 87

1887
RIBBEKT: Regeneration and inflammation of the lymph-glands Ziegler's Bei-

\trage VI 1889
ROLLET : Art. Bubo Diet, encyclop. des sciences med. Paris 1870
Roux and LAXXOIS : Infective adenitis (Staphylococcus pyogenes aureus) Rev. de

med. x 1890
SPIETSCHKA : Aetiology of the venereal bubo (no microbes detected) A. f.

Derm, xxvm 1894
THOMAS : Researches on dysentery A . gen. de med. 2nd series vn 1835
VON ZEISSL: Art. Bubo Eidenburg's Realencyklop. (with references)

36. Tuberculous lymphadenitis, often called scrofulous lym-
phadenitis, is usually caused by the invasion of tubercle-bacilli car-

ried by the lymph, more rarely by infection from the blood. When
the disease is lymphogenous the organs from which the infected

lymph comes are as a rule tuberculous. The point of entry of

the bacilli may however remain free from tuberculosis, so that
the lymph-glands (bronchial or cervical) exhibit the first local

manifestation of the disease.

The tubercles usually form first in the lymphoid follicles and

septa, and their eruption is indicated by the appearance of uninu-
clear or binuclear epithelioid cells (Fig. 67 a), and later on of

giant-cells (e), some containing bacilli. They lie close to each

other, compressing the original lymphoid cells, and finally take
the form of the familiar large-celled tuberculous nodule (Fig.
67 a).

The eruption of tubercles may be accompanied by signs of more
or less intense inflammation, as a consequence of which the lymph-
glands appear swollen and reddened. The number of leucocytes
in the tissue is increased, owing in part to the migration of white

corpuscles from the blood-vessels, and probably also to an increased

production of lymphoid cells. When mature (a) and caseous (aj)
tubercles are present, the cut surface shows the characteristic light-

grey and whitish nodules.
In the later stages of the process the swollen lymph-glands,

from the continued production of caseating tubercles, appear beset
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with large yellowish-white caseous patches, which tend to become
confluent. After a time the entire lymph-gland, or at least a large

portion of it, may be converted into a cheesy mass, which later

on becomes softened or calcified.

The signs of inflammation and the accumulation of leucocytes
in the glandular parenchyma are often inconsiderable. The pro-
cess then consists essentially in the progressive new-formation of

epithelioid cells, which form small nodular masses. These become
confluent (Fig. 68 b c), and the lymphadenoid tissue (a) is accord-

ingly more and more encroached on and reduced to isolated strands,

FIG. 67. RECENT TUBERCULOSIS OF A LYMPH-GLAND.

(Preparation hardened in Mailer's fluid, stained with haematoxylin, agitated in a test-

tube, and mounted in Canada balsam : x 150)

o fresh tubercle ct giant-cell at the border of a caseous

ai caseous tubercle nodule
6 lymphadenoid tissue d large-celled lymphadenoid tissue out-
c giant-cell in the centre of a tubercle side the tubercles

e lymphoid cells

while the remainder of the structure is made up of large rounded

(6) and stellate or spindle-shaped (e) cells, that form a striking
contrast to the lymphoid cells. Caseous necrosis seems not to

supervene for a long while, though after a time the large-celled
tissue is here and there converted into a mass of homogeneous
hyaline material or of lustrous blocks and flakes devoid of nuclei.

The hyperplastic process just described, which leads to what
is anatomically a large-celled hyperplasia of the lymphoid tissue,

is always associated with an increase in the size of the gland,
which may become as large as a pigeon's egg or even a hen's egg,
and is dense and firm in texture. The section appears either uni-
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formly grey and translucent, or seems to be made up of small

greyish granules. When exposed to the air for a time, the cut

surface acquires a brownish colour. When caseation has occurred,

the .tissue contains uniform yellowish patches resembling the

surface of a cut potato.
This large-celled hyperplasia, with tardy and inconsiderable

caseation, is one of the less dangerous forms of tuberculous lym-
phadenitis, for it appears to remain for a long time limited to the

affected gland. It is chiefly met with in the cervical glands, but

is not uncommon in those at the root of the lung, where it is gen-

erally combined with pigmentary induration due to the inhalation

of carbonaceous dust.

In many cases, especially in children, the multiplication of

tubercle-bacilli within the lymph-gland, and the cellular prolifera-

Fio. fi8. LARGE-CELLED HYPERPLASIA OF A TUBERCULOUS LYMPH-GLAND.

(Preparation hardened in Alii tier's, ft aid, stained with alum-carmine, and mounted in
Canada balsam : X 150)

a remnants of lyraphadenoid tissue b large-celled tissue c spindle-celled tissue

tion and inflammation thereby induced, are quickly followed by
caseation, so that the glands have hardly begun to swell before

they show cheesy enclosures. By the time they have reached any
considerable size they are already converted into soft or even
diffluent caseous masses encapsuled only by a thin layer of indu-

rated non-caseous tissue. By continued caseation and softening,
the process may extend to the neighbouring parts, and so lead

either to an induration or to a caseous and purulent periadenitis.
Caseation of a subcutaneous gland may result in its rupture
through the skin. In deeply-seated glands rupture not infre-

quently occurs into neighbouring cavities and channels, such as

the pericardial sac, the veins, the bronchi, the oesophagus, or the

intestine. Whether these processes are in all cases due solely to

the action of the tubercle-bacilli, or whether the microbes act in

cooperation with other irritants, is not yet definitely determined.
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References on Tuberculous Lymphadenitis.

ARNOLD, J. : Tubercle of the lymph-glands and spleen V. A . 87 1882
BAUMGARTEN: Volkmann's klin. Vortrdge 218 and Z.f. kiln. Med. ix 1885
CORDUA : Tubercle and lymphoma of the glands Arbeiten path. Inttt. Gbttingen

1893
CORNIL : Journ. de I'anat. norm, et pathol. 1878

FRANKEL, A.: Prag. Z.f. Heilk. 1885
KOCH : Aetiology of tuberculosis Berl. klin. Woch. 1882
LOOMIS : Primarv tuberculosis of bronchial glands Records of Loomis Lab. n

New York 1892
NEUMANN: -Tubercle of bronchial glands in children D. med. Woch. 1893
OEKONOMIDES : Chronic bronchial gland affections Inuug. Diss. Basle 1882
SCHUCHAKUT and KRAUSE : Tubercle-bacilli in lymph-glands Fortschr. d. Med.

11883
SCHUPPEL : Lymphdrmentuberculoxe Tubingen 1871
WYSSOKOWITSCH : Ueb. die Beziehungen der Scrofulose zur Tuberculose Wies-

baden 1890

37. Syphilitic infection of the lymph-glands takes place

mainly from specific contamination of the lymph brought to them;
it is rarely conveyed to them by the blood. The syphilitic initial

sclerosis is followed by a scarcely perceptible swelling of the

nearest glands, which is referred to as indolent or hard bubo. In

the further course of the disease glandular affections may arise in

connexion with any of the various inflammatory manifestations of

secondary syphilis, and sometimes assume a gummatous character.

The infected lymph-glands are more or less swollen, and may
reach the size of a walnut. As a rule the swelling is due essentially
to an accumulation of leucocytes, though it sometimes depends on

large-celled hyperplasia. After a certain time, which usually ex-

tends considerably beyond the duration of the primary affection,

it may be months or even years afterward, the enlarged lymph-
glands generally diminish in size and recover, owing to diminution
of the number of round-cells contained within their tissue. It may,
however, happen that the process results in fibrous induration or in

gummatous caseation of the diseased gland.
In leprosy the infected glands contain numbers of large cells

enclosing multitudes of lepra-bacilli, and bacilli lying free in the

gland-tissue.

References on Syphilitic Lymphadenitis.

BAUMLER: Ziemssen's Cyclop, in 1886
CORNIL : Gaz. med. de Paris 1878, and Journ. de Vanat. et de la physiol. 1878
DOYEN: A. gen. de med. 1883
LANCEREAUX : Traite de la syphilis Paris 1873
LANG : Pathol. und Therap. d. Syphilis Wiesbaden 1885
LUSTGARTEN : Subcutaneous glandular affections in late syphilis Wien. med

Presse 1890
VAJDA : Viertelj.f. Derm. u. Syphilis n 1875
VIRCHOW : Krankhafte Geschwiilste n
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38. Under the head of progressive lymphadenoid hyper-
plasia, or lymphadenia, may be comprehended a peculiar group
of aft'ections, whose aetiology is still altogether obscure, their

common character consisting in a progressive increase of the lym-

phadenoid tissues. On the one hand individual lymph-glands
become notably augmented in bulk, forming tumours varying in

size from that of a large bean or walnut to that of a hen's egg,
while on the other hand fresh glands are continually becoming
affected by the hyperplastic process. The process may commence
in the lymph-glands proper, such as those of the axilla, or in the

lympadenoid tissue of the spleen (Art. 30) or of the mucous

membranes, such as that in the tonsils and intestinal follicles, and
thence extend continuously over an ever-widening area, in certain

cases indeed over the whole of the lymphadenoid tissues. Analo-

gous changes often appear in the bone-marrow, and lymphadenoid
growths may be found in places which normally contain no such

tissue. The similarity of the disease, in its course and progress,
to some of the infections, for example to certain forms of tubercu-

lous lymphadenitis, makes it in some measure probable that lym-

phadenia is also infective in its nature, though at the present time

there is no proof whatever that this is the case.

On macroscopic examination the enlarged lymph-glands exhibit

in section a whitish or greyish-white, less commonly a greyish-red
surface, and in rare cases contain also a few necrotic foci. Ac-

cording to their degree of consistence we may distinguish them
into soft and hard forms. Intermediate forms are, however, met
with, and in a given case the several affected glands may possess
different degrees of hardness.

Under the microscope the normal structure of the gland is in

some cases still recognisable, the follicles, septa, and sinuses being

clearly differentiated ; in such examples the increase in size is

essentially due to the overgrowth of the lymphoid follicles. The
condition is therefore fitly described as a glandular hypertrophy or

lymphadeiioma. In other cases the structure so far deviates

from the normal that recognition of the several components is no

longer possible, the entire tumour being made up of lymphadenoid
tissue of perfectly uniform texture, whose reticulum encloses an

extraordinarily large number of free cells. The tissue of the

trabeculae and capsule, and sometimes also that immediately

surrounding the capsule, is closely studded with rounded cells.

Lastly, the reticular framework may also undergo a hypertrophic
modification, becoming stouter and coarser, and in part even con-

verted into stringy fibrous tissue, which is far removed in texture

from the typical adenoid reticulum.

Its marked deviation in structure from the normal type of the

gland has caused this form of overgrowth to be classed with the

sarcomata, under the head of lyxnphosarcoma. Lymphosarco-
mata are described as soft or hard according to the extent to
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which the connective-tissue element is developed, and the .corre-

sponding degree of consistence of the tissue.

The characters of a particular glandular tumour may be so

well marked that it is easy to determine whether it should be

classed as a lymphadenoma or as a lymphosarcoma. Cases occur,

however, in which the features of the two varieties are combined,
so that along with heteroplastic tissue resembling that of a lympho-
sarcoma there are in the same gland definite and typical lymphoid
follicles and septa. As a consequence, writers often make no dis-

tinction between lymphadenoma and lymphosarcoma, but have
used the terms indifferently for both classes of growths.

By many the difficulty is evaded by describing all the pro-

gressive lymphadenoid growths as malignant lymphoma.
Progressive lymphadenia is a disease which may last for a

few weeks (as in acute leukaemia), or for several years, before it

ends in death. In some of the cases, associated with soft forms
of lymphadenoma and of lymphosarcoma, the blood contains an
increased number of colourless corpuscles. The affection, thus

allied with leukaemia, is then called leukaemic adenia, and the

glandular tumour is described as leukaemic lymphadenoma
or lymphosarcoma. In other cases this symptom is absent,
and the disease is associated only with marasmus and general
anaemia, or the blood may exhibit no demonstrable change. These
cases are met with chiefly in connexion witK4mrd lymphosarcoma,
though in some of them the soft variety is alone present. The
affection is variously referred to as Hodgkin's disease, simple
adenia (TROUSSEAU), lymphosarcoma (ViRcnow). malignant
lymphoma (BILLROTH) in the stricter sense, or pseudo-leukaemia
(COHXHEIM).

We do not yet know why the progressive hyperplasia of the

lymph-glands is sometimes associated with leukaemia and some-
times not. The cells contained in the reticular framework are

either exactly like normal lymphocytes, especially in lymphade-
noma, or some of them are distinctly larger, as in lymphosar-
coma ; but there are no invariable and characteristic differences

between the glandular tumours that are accompanied by leukaemia
and those that run their course without this symptom. In some
instances, particularly in lymphosarcoma, along with uninuclear
and binuclear cells, a few multinuclear giant-cells are observed.

According to GOLDMANN, the tumours may also contain eosino-

phile cells in somewhat large numbers. Proliferous changes, in-

dicated by karyokinesis in the nuclei, can be detected both in the

free cells and in the cells of the reticulum.
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References on Lymphadenia.
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KEL^CH and VAILLAKD: Lympliadenoid tumours with leukaemia Ann. Inst.

Pasteur iv
KUNDRAT : Lymphosarcomatosis Wien. klin. Woch. 1893
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mikrosk. Anat. xxiv 1884
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WAONEK, HARTIMJ, and HKSSE: Eulenburg's Vierteljahrsschr. xxx, xxxi
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39. Sarcoma is the only primary tumour met with in the

lymph-glands. It generally occurs in single glands, or several of

the same group are simultaneously affected and cohere into a

nodular tumour. It often overpasses the limits of the gland and
invades the adjoining tissues, forming adhesions with the skin if

the gland is subcutaneous. Secondary growths are usually devel-

oped in various organs ; but, in contrast with lymphadenoma, the

nearest lymph-glands generally escape. Soft small-round-celled

sarcoma, spindle-celled sarcoma, fibre-sarcoma, and alveolar sar-

coma (Fig. 69) or alveolar angios%rcoma, are all forms that occur.

The two latter have a ^somewhat, carcinoma-like structure, the

epithelioid cells (be) being grouped in clusters and nests within
an alveolar stroma (a).

It appears that the neoplasm may start in various parts of the

gland-tissue. According to PUTIATA, alveolar sarcoma begins in

the tissue around the vessels. In other instances, especially in

sjnndle-celled sarcoma, the connective-tissue framework is the

primary seat of the neoplastic proliferation (WINIWARTER).
Some authors, like PUTIATA, maintain that the lymphoid elements

may be transformed into tumour-cells.
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FIG. 69. ALVEOLAR SARCOMA OF A LYMPH-GLAND.

(Preparation hardened in Mutter's fluid, stained with alum-carmine, and mounted in
Canada balsam : X 100)

a stroma 6 cell-nests c alveoli with scattered cells

FIG. 70. CARCINOMA DEVELOPING IN AN ENLARGED AXILLARY LYMPH-GLAND.

(Preparation hardened in alcohol, stained icith haematoxylin, and mounted in Canada
balsam : X 60)

a germinal centre of a lymphoid follicle 6 lymph-sinus c artery d cancer-nests
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Carcinoma is the most common among the secondary or me-
tastatic growths. It leads to the conversion of the lymph-
glands into tumours of various sizes, whose general structure

accurately reproduces the characters of the primary growth.
The development of the cancer takes place within the lymph-

sinuses, and there, by multiplication of the tumour-cells brought
to them by the lymph, clusters and strings of large cancer-cells

(Fig. 70 d) are formed, which compress and encroach upon the

lymphocytes. A fibrous stroma is formed from the lymphadenoid
tissue, which encloses in its meshes the growing cancer-nests.

Sarcomatous metastases. like the carcinomatous, may de-

velope from sarcoma-cells which have gained access to the gland
by way of the lymphatics.

AFFANASIEW: Cancer-growth Cent. f. med. Wiss. 1876
BILLROTH : Pathol. Histologie Berlin 1858

; Morbid histology of the lymph-
glands V. A. 21 1861

BOZZOLO : Dissemination of cancer in the glands Cent.f. med. Wiss. 1876
GUSSENBAUER: Secondary growths in the glands Pray. Z.f. Heilk. n 1881
KKRESZTSZHKGY: Retroperitoneal sarcoma Ziegler's Beitr&ge xn 1892
NEELSEN : Endothelial cancer D. A. f. klin. Med. xxxi 1882
PUTIATA: Sarcoma of lymph-glands V. A. 69 1877
WINIWARTER : Lymphadenoma Langenbeck's Arch, xvm 1875
ZAHN : Alveolar epithelioid sarcoma A. d. Heilk. 1874
ZEHNDEU : Cancer-growth in lymph-glands V. A. 119 1890
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CHAPTER XIV

THE BOXE-MARROW

40. The bone-marrow in children is a soft tissue of a bright
red colour, which is particularly rich in cells and blood-vessels,

and is accordingly referred to as red or lymphoid marrow.
The supporting framework of this tissue is composed of deli-

cate* reticular connective tissue. The abundant capillaries and
veins are wide and thin-walled.

The majority of the cells enclosed in the reticulum are spheri-

cal, and possess either a clear vesicular nucleus with highly
refractive nucleoli and nucleolar filaments, or an apparently ho-

mogeneous nucleus which is ill-defined, and in fresh sections is

seen only with difficulty. These cells vary in size, those with
a vesicular nucleus being generally larger than those with a

homogeneous nucleus; the former have, moreover, a more gran-
ular protoplasm. The homogeneous nuclei take nuclear stains

more deeply than the vesicular nuclei.

While these cells constitute the majority, the lymphoid mar-
row always contains a number of leucocyte's with eosinophile

granules, flattened cells containing no fat, globular cells contain-

ing fat, nucleated and non-nucleated red blood-corpuscles, cells

enclosing red blood-corpuscles and pigment, and uninuclear and
multinuclear giant-cells.

According to the researches of NEUMANN, BIZZOZERO, COHN-
HK1M, TlZZONI, RlNDFLEISCH, HAYEM, GROHE, DfiNYS, H. E.

ZIEGLER, and others, the bone-marrow takes part in the process
of blood-formation, and the nucleated red corpuscles found in

it are regarded as representing a preliminary stage in the devel-

opment of these corpuscles. The presence in the bone-marrow
of cells containing blood-corpuscles and pigment tends to prove
that the red blood-corpuscles are likewise destroyed in that tissue.

The marrow is richest in cells in early life; later on, and

especially in the long bones, the number of cells decreases, and

by the imbibition of fat the greater portion of the cells of the

reticulum are at the same time transformed into fat-cells. After
the* fourteenth to the sixteenth year, the marrow of the long bones

usually consists mainly of fatty tissue; this when it contains only a

small amount of blood is of a yellow colour, with a larger amount
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of blood it is yellowish-red, and its cut surface has an oily lustre.

This is called yellow marrow, in contradistinction to the red

or lymphoid form. It should however be remarked that between
the two forms there are many intermediate stages. In the flat

bones and in the short cancellous bones the marrow remains per-

manently red, and either retains the essential characters of lym-
phoid marrow, or by the imbibition of fat changes to a transitional

form between this and yellow marrow.
In advanced age the number of free cells contained in the

bones sometimes decreases still more markedly, while at the same
time the fat tends to disappear. The resulting free space is filled

by a clear liquid containing mucin; the marrow thus acquires a

translucent gelatinous appearance, and is hence termed gelatinous
marrow.

References on Bone-marrow (see also Arts. 1 and 41).

ARNOLD : Karyokinesis in marrow-cells V. A. 93 1883 and 97 1884
BAYERL: Production of red corpuscles in epiphysial cartilage A. f. mikrosk.

Anal, xxin 1884
BIZZUZKKO: Sut. midollo der/li ossa Xaples 1869 reviewed in V. A. 52 1871;

Atrophy of fat-cells in the bone-marrow A. f. mikrosk. Anat. xxxm 1889
FLEMMING: Zellsubstanz Kern u. Zelllhellung Leipzig 1882
GEGENBAUR : Jena. Z. f. Med. u. Naturwiss. i-in

KOLLIKER : Gewbelchrc d. Menschen I Leipzig 1889
MORAT : La moelle ties os Paris 1873
NEUMANN: The bone-marrow in blood-formation Cent. f. med. Wiss. 1868:

Berl. klin. Woch. 1877, 1878, 1880 and Z.f. klin. Med. in 1881
TIZZONI and FILKTI : Atti del Lincei ser. 3 xi 1881
WERNER : Cell-division in the giant-cells of the marrow V. A . 106 1886

41. The modes in which the bone-marrow is affected by gen-
eral diseases and the primary changes other than inflammatory
that take place in it may be classified under three heads. In the

first place, as the result of various diseases conditions of atrophy
and degeneration are induced, which are characterised chiefly by
diminution of the fat and decrease in the number of cells, in a

measure also by degenerative changes in the tissue-elements. For

example, in senile decay, in chronic pulmonary emphysema, in

phthisis, in chronic diseases of the kidney, and in starvation

(NEUMANN), the adipose tissue of the marrow disappears more
or less completely. If no increase takes place in the number of

cells, and if the vacant spaces are filled by a liquid containing
mucin, the marrow assumes a gelatinous translucency and changes
into the gelatinous variety already mentioned.

Many infective diseases (such as typhoid fever, relapsing
fever, typhus fever, etc.) are attended by fatty degeneration
of the cells and capillaries of the marrow. In relapsing fever

(PONFICK) and in variola (CniARi) necrotic foci may be formed.

These and other infections of the blood often lead to inflammation

of the bone-marrow.
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Hypertrophy of the fatty tissue of the marrow occurs as a

concomitant <>!' general atrophy of the entire skeleton (Art. 43)
and of the articular cartilages, and is at times so excessive that

the bone, composed almost entirely of fat, has a lower specific

gravity than water.

In very many cases, concurrently with the decrease in fat, we
find an increase in the number of the marrow-cells, so that the

tissue assumes more and more the characters of red or lymphoid
marrow. This is observed especially in oligaemia, leukaemia,
chronic pulmonary tuberculosis, chronic suppurative ostitis, and
cancerous cachexia; but it is not a constant phenomenon in these

conditions. For example, GUOHE found in 157 patients who had
died of phthisis 119 cases with red marrow. Red marrow is also

met with, especially when death has occurred in the later stages
of the disease, in typhoid fever (GHOHE), in croupous pneumonia,

and^in septic affections (GoLGi, LITTEN), in acute endocarditis

(PONFICK), in small-pox (GoLGi), etc.

The tint of lymphoid marrow varies from greyish-red to dark-

red according to the amount of blood it contains. In severe cases

of pernicious anaemia the whole of the marrow of the long bones

may be dark-red in colour, resembling raspberry jelly. The
coloration usually begins at the epiphyses and extends thence

towards the middle of the bone. In leukaemia the marrow is

often mottled with tints varying from flesh-pink to greyish-red,

greyish, or greyish-yellow, and sometimes parts are yellow or

greenish-yellow and look like pus.
In the red marrow the colourless marrow-cells are always

abundant; and the nucleated and non-nucleated red blood-corpus-
cles are in general increased in number. Numerous cells contain-

ing blood-corpuscles and pigment are often found in the tissue,

especially in cases of pernicious anaemia, typhoid fever, typhus
fever, relapsing fever, and intermittent fever. ' Charcot-Neu-
mann crystals

'

(in the form of small colourless octahedra) are also

frequently present; they are thought by some authorities to be a

substance containing mucin (SALKOW8KY), by others (ScHREl-
NER) to be a phosphatic product of the decomposition of albumen.

The increase in the number of colourless and of coloured cells

in the bone-marrow is generally explained by the assumption that,

in the above-named diseases, the cells of the bone-marrow itself

undergo proliferous multiplication. If the anaemia and cachexia

result from repeated haemorrhages or from organic disease, this

increase may be regarded as a regenerative process.

According to NEUMANN, BIZZOZERO, HOYER, and others, how-
ever, there is a form of leukaemia in which the marrow-changes
are,primary, and are therefore the originating cause of the altera-

tion in the blood. This form is accordingly termed medullary
or myelogenous leukaemia (Art. 2).

The increase in the number of nucleated red corpuscles is



140 THE BONE-MARROW [CHAP. XIV

generally interpreted as indicating an increase in the haemato-

genic activity of the marrow. It is not improbable, however,
that it is dependent upon some retardation of the normal trans-

formation of the young blood-corpuscles into the mature form.

Increased destruction of the red blood-corpuscles, or the pres-
ence of minute foreign bodies circulating in the blood, leads to

deposition of corpuscular detritus and other foreign matters in the

marrow. The deposition of insoluble ferrated compounds, derived
from the disintegration of haemoglobin, is the commonest ex-

ample, and may be described as siderosis of the bone-marrow.
This condition may also result from jaundice, and may be experi-

mentally produced by abnormally increasing the amount of iron

ingested. The ferrated particles lie for the most part within the
marrow-cells and the blood-corpuscles.

Grave disorders of the local circulation, especially such as

impede the outflow of blood from the bone, and traumatic inju-
ries, often give rise to haemorrhage from the delicate capillaries
of the marrow. Some of the extravasated blood may be absorbed

unchanged, but the greater part is disintegrated, and numbers of

granule-carrying cells containing pigment make their appearance
during the absorption of the products of disintegration.

References on Changes in the Bone-marrow accompanying various

Diseases (see also Art. 43).

ARXSTEIN: Intermittent fever V. A. 61 1874
BLECHMANN: Pathology of the bone-marrow A. d. Heilk. xix 1878
CHIARI: Osteomyelitis in small-pox Ziegler's Beitrage xin 1893
COHNHEIM : The marrow in pernicious anaemia V. A. 68 1876
EISENLOHR: Pernicious anaemia and cancer D. A.f. klin. Med. xx 1877
E FILIPPI : Researches on 'ferratin' Ziegler^s Beitrage xvi 1894

GEELMUYDEX: The bone-marrow in disease V. A. 105 1886 (with references)
GOLGI : Small-pox Revista din. di Bologna 1873
GROHE : The marrow in various diseases Berl. klin. Woch. 1881, 1884
HEUCK: Leukaemia V. A. 78 1879
LITTEX : Corpuscle-carrying cells in the marrow Cent.f. med. Wiss. 1881
LITTEN and ORTH : The bone-marrow in various diseases Berl. klin. Woch. 1877
MUIR : The bone-marrow in pernicious anaemia Journ. of Path, n 1894
NOTHXAGEL : Lymphadenia ossium (a peculiar pernicious disease of the bones)

Virchow's Festschrift (Internationale) II Berlin 1891
POXKICK: Sympathetic affections of the marrow in internal diseases V. ^4.56,

60 1874; Leukaemia V. A. 67 1876
RIESS : Corpuscle-carrying cells Cent.f. med. Wiss. 1881
Ronix : A. d'anat. et de physiol. 1874

"

SALVIOLI : Rivisla din. di Bologna 1878
STOCKER : Marrow-changes in certain febrile affections A. f. wiss. Thierheilk.

xin 1887
WALDSTEIN: Progressive anaemia with leucocythaemia V. A. 91 1883
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CHAPTER XV

ATROPHIC AFFECTIONS OF BONE

42. The osseous tissue of the skeleton developed during foetal

life and soon after birth is for the most part a temporary structure

of limited duration. The immature bones of the new-born child

are re-absorbed and disappear in the course of years, and are

replaced by others whose texture and composition are of a dif-

ferent kind.

The researches of morbid anatomists have shown that the
dissolution and re-absorption of mature osseous tissue, under

pathological conditions, are among the commonest of morbid

d

Fio. 71. RKSORPTION OF BONE.

(Section of a bony trabecula in the neighbourhood of the resected end of thefemur : pre-
paration hardened in Mutter's fluid and alcohol, decalcified in picric acid, stained
with alum-carmine, and mounted in Canada balsam : X 200)

trabecula
fat-cells of the marrow

round-cells
osteoclasts

e Howship's lacunae

/ blood-vessel

phenomena. As a rule the morbid process follows the lines of
the normal process known as lacunar resorption.

At the point where the bone is about to be absorbed multi-

nuclear cells or myeloplaxes (Fig. 71 c?) appear in the marrow
or periosteum, and attach themselves to the surface of the bony
trabeculae. KOLLIKER has termed the multinuclear cells that are

met with in normal osseous resorption osteoclasts, a name which



142 ATROPHIC AFFECTIONS OF BONE [CHAP. XV

has also come into general use for the myeloplaxes of pathological

resorption.
After a time deep erosions, generally referred to as Howship's

lacunae or foveolae (Fig. 71 e), form at the points where the

osteoclasts are adherent. It is assumed that the osteoclasts effect

the active dissolution of the underlying osseous tissue.

FIG. 72. ECCENTRIC ATKOPHY OF THK LOWER EXDS OF THE TIBIA AND FIBULA,
WITH OSTKOPOROSIS.

(Natural size)

When a large portion of the bone is being absorbed, the osteo-

clasts appear in great numbers, and lie close together. Corre-

spondingly numerous grooves and pits are produced on the bone,
and its surface thus presents a rough and eroded appearance.

During the continuance of the process the surface is covered with

these grooves. When the resorption ceases the surface again
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becomes smooth, either from absorption of the prominent inter-

lacunar ridges, or from the deposition of new osseous tissue in the

eroded lacunae.

If the resorption proceeds chiefly from the side of the marrow,
the result is eccentric atrophy (Fig. 72); the external form of

the affected bone remains unaltered, while its cavities and nutrient

canals become wider, and its lamellae and trabeculae thinner.

\V1 ion resorption is mainly external, on the other hand, there is

concentric atrophy (Fig. 73 and Fig. 74), or local defects are

produced. If the compact osseous tissue becomes porous from
the widening of the Haversian canals (Fig. 72), the condition is

termed osteoporosis. In cases of excessive atrophy the marrow

FIG. 7.'J. SENILE ATROPHY OF THE CALVAKIUM.

(With defects of the outer table ami diploe in the middle portions of the parietal bones :

reduced to one-third natural size)

of the enlarged medullary cavities often consists of pure adipose
tissue, a condition which has led to the process being described as

a 'fatty degeneration of the bones.'

In old age lacunar resorption affects large portions or even the

whole of the skeleton, and it is then termed senile atrophy. It

sometimes occurs in a marked degree in the flat bones, in the

vault of the skull (Fig. 73), in the scapula, and in the pelvis,

chiefly in parts that are not covered by muscles. In the skull the

resorption of the parietal bones (Fig. 73) may go so far as to

destroy the entire outer table and diploe, and even some portions
of the inner table. In a few spots the bone may be entirely

destroyed and so perforated. Next in frequency to the parietal
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bones the supra-occipital is most apt to be 'affected, the frontal

bone but rarely. As the erosion is not uniform, shallow grooves

appear on the external surface of the skull. The bone at the foci

of resorption looks dull and lustreless, indeed almost rough, and
the surface is studded with a number of small medullary cavities

filled with blood.

In the diploe the addition of new bone to the old usually gives
rise to condensation of the tissue before resorption begins. De-

Fio. 74. HYPOPLASIA OF THE PL BIS, ISCHIUM, AND ILIUM OF THE LEFT SIDE.

(From coxitis ichich had prevented the use of the left leg in early life: the right ace-
tabulurn is displaced inwards, the pelvis being therefore obliquely contracted: rather
less than half the natural size)

posits of osseous tissue also occur on the inner surface of the skull,

especially in the frontal bone.

In the facial part of the skull senile atrophy affects mainly the

upper and lower maxillae, the alveolar processes of which are

sometimes entirely absorbed.

In the vertebrae and in the bones of the extremities both con-

centric and eccentric atrophy take place, the bony trabeculae being
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thereby in places thinned or even entirely absorbed. Should the

greater part of the trabeculae be absorbed at any particular point,
so that the continuity of their connexions is interrupted, the bone
is liable to give way at that point (Art. 50).

Kesorption may be so excessive that the remaining bony tissue

becomes incapable of withstanding an ordinary strain, and so

fractures with great readiness : this condition has been termed

symptomatic osteopsathyrosis, or fragilitas ossiuxn.

Absence of functional use (Fig. 74) is a frequent cause of pre-
mature lacunar resorption of the bones: this form of atrophy

Fio. 75. EXTREME ATROPHY OF THE CRANIAL BONES PRODUCED BY THE PRESSURE
OF THE DEVELOPING BKAIN.

The position of the cerebral convolutions is indicated by deep impressions, that of the

sulci by sharp bony ridges. The ethmoid is bulged downwards, and the wings of

the sphenoid and the lower border of the squama of the petrous bone are forced for-

wards and downwards.

(Skull bracJiycephalic and hypnocephalic : premature synostosis of the lateral and
loirer portions of the coronary suture, with compensatory increase in height in the

region of the parietal bones and the sagittal suture : five-sevenths of the natural

size)

from disuse occurs not only when a limb or part of a limb is

deprived of its normal activity, but also when portions of a single
bone cease to perform their function of support.

Atrophy of the first kind occurs in the stumps of amputated
limbs, and in the bones of limbs that have ceased to be used (Fig.

74); while atrophy of the second kind is observed in fractured

bones where the fragments have overlapped during the process of

healing, the atrophy affecting those trabeculae which from the
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altered direction of the stress are no longer required to act as

supporting structures.

Those forms of bony atrophy which appear as the sequelae of

nervous diseases are termed neuroparalytic and neuropathic
atrophies. When they occur in paralysed limbs it is natural to

attribute them to mere disuse. But not infrequently diseases of

the spinal cord and brain, that are unaccompanied by paralysis

FIG. 76. DEFORMITY OF THE SUPERIOR AND I>FEKIOR MAXFLLAE AND THEIR
ALVEOLAR PROCESSES PRODUCED BY CICATRISATION AFTER A BURN.

(Deep incurving of the anterior surface of the superior maxilla : nearly horizontal posi-
tion of the alveolar process : decrease in size of the inferior maxilla, and almost
entire disappearance of the angle between the ascending'and horizontal rami : bony
ankylosis between the superior and the inferior maxilla)

of the limbs, such as posterior sclerosis (tabes) and paralytic
dementia, are associated with remarkable wasting and fragility of

the bones, and commonly with articular changes also (see Art. 75).

Atrophy from pressure is another and very frequent form
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produced by persistent local pressure on a bone. Thus an increase

of the cranial contents may induce such atrophy of the cranial

bones that the entire internal surface is roughened, the inner table

more pr less absorbed, and the teymen tympani thinned and per-
forated. Should the convolutions of the brain be pressed against
the bone, the result may be a deepening of the impressions which

are normally present (Fig. 75), while the sulci receive corre-

sponding ledges and ridges of

bone. The pacchionian bodies

of the pia mater produce deep
pits in the bone, which some-

times penetrate to the outer

table. The frontal sinuses and
the antrum of Highmore may
become enlarged from the accu-

mulation of liquid or the press-
ure of tumours. Cutaneous
scars undergoing great contrac-

tion may press upon the under-

lying bone and induce extensive

resorption (Fig. 76), with the

result of very considerable dis-

tortion and disfigurement. Such
scars usually result from burns.

The pressure of aneurysms of

the aorta upon the vertebrae,

sternum, or ribs may produce
more or less extensive erosions

(Fig. 77), and may even entirely

destroy the bone at the point of

pressure. Tumours of the Soft

parts which exert pressure upon
the adjacent bones often have a
similar effect.

Finally, every periostitis or

osteomyelitis that reaches a cer-

tain degree of intensity and

persists for a certain length of

time (Chap, xvi), and every
tumour that developes in the

bone-marrow or on the inner
surface of the periosteum, give rise to some resorption of bone.

Pressure, inflammation, and the development of tumours result

generally in local atrophy of bone; but a local inflammation, such

^destructive arthritis, may induce abnormal resorption over en-

tire bones, and so lead to fragilita* ossium. Small and local super-
ficial defects, visible by the unaided eye, are termed erosions; if

larger portions are destroyed, or at least strikingly altered and

Fio. 77. ATROPHY OF THE LAST THORACIC
AND UPPER LUMBAR VKRTEBRAE, FROM
THE PRESSURE OF AN AORTIC ANEU-
RYSM.

(Reduced to two-fifths of the natural size)
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rarefied, we speak of the affection as caries (Chap. xvi). When
the bony tissue is, by the action of some noxious agency, not

merely eroded but killed outright, and in considerable mass, we

speak of the process as necrosis. Caries and necrosis may be
combined in many ways, producing a condition which is called

necrotic caries.

Both in marked lacunar atrophy and in far-advanced osteoma-

lacia (Art. 43) cysts may form in the interior of the bones, with
clear or turbid liquid or haemorrhagic contents. They arise in

these affections from the total disintegration and liquefaction of

the constituent parts of the tissue, and may reach a great size,

in certain cases nearly equalling the bone in diameter. At times

the bone may be actually distended by a secondary accumulation
of liquid. Cysts are occasionally produced within bones from

new-growths which have undergone liquefactive softening, for

example from enchondroma, myxoma, and sarcoma. Cysts may
also occur which have no perceptible connexion with new-growths
or with excessive resorption.

According to certain authorities (LoBSTEix: Traite d'anat. pathol. Paris

1833; GURLT: Lehre von Knochenbrilchen Berlin 1862; VOLKMANN: Hand-
buck der Chiruryie n 1872; ENDERLEN: Osteopsathyrosis V. A. 131 1893),
there is an idiopathic form of fragilitas ossium in which no rarefaction of the
osseous tissue is apparent. This malady is congenital, or developes from some
unknown reason in adult life, and may appear in different members of the
same family. If the views of these authorities be correct, we must assume
that in the persons so affected the organic substratum of the bony trabeculae

possesses some morbid character which manifests itself by abnormal brittleness
of the bones.
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43. Halisteresis ossium (a\o<? of salt, o-repT/crt? deprivation)
or decalcilication is a form of atrophy of bone in which at first

nothing but solution of the calcareous salts takes place, while the

organic matrix or cartilage, though somewhat altered, is preserved
for a certain length of time.

The solution of the lime-salts begins on the periphery of the

trabeculae (Fig. 78 6), and advances progressively from these to

the deeper layers. The boundary-line of the still calcified portion

(a) sometimes runs parallel to the surface of the trabeculae ; at

other times it has an irregular contour, showing depressions simi-

lar to those known as Howship's lacunae. Between the calcified

and the completely decalcified parts there is sometimes a zone
in which, as in commencing ossification, calcareous particles of

various sizes are visible.

According to the researches of VON RECKLINGHAUSEX and

APOLANT, in halisteric atrophy the existing Haversian canals are

generally widened, and new canals and clefts appear in the

grrumd-substance of the bone. This condition is the result of

decalcification, and gives rise to the peculiar lattice-like or rather

feather-like markings which are seen in suitably prepared micro-

scopic sections of the bone.
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The matrix of the decalcified bone is sometimes homogeneous,
and sometimes finely or coarsely fibrous. Not infrequently the

normal lamellar stratification can still be distinctly traced, the

lamellae being continuous with those of the still calcified part.
Some of the bone-corpuscles are clearly visible, while others have

disappeared, or are represented only by small oval spaces, without
visible stellate processes.

The width of the decalcified portion is naturally subject to

considerable variation. In extreme cases of halisteresis the amount
of persisting calcified bony substance is very small, numbers of

FIG. 78. SECTION OF A VERTEBRA AFFECTED WITH OSTEOMA.

(Preparation hardened in alcohol, cut without elfcalcification, stained with eosin, and
mounted in thick Canada balsam : X 45)

a remains of calcified bone e larger medullary cavities
6 decalcified bone / larger spaces arising from the absorption
c decalcified and atrophied trabeculae of the trabeculae
d

'

Haversian canals

individual trabeculae being entirely decalcified (<?). The decalci-

fied cartilaginous matrix may persist for a time, and is probably
capable, by again taking up lime-salts, of being transformed once
more into firm bone. If however the process of decalcification

continues, it is generally followed by the disintegration and solu-

tion of the matrix.

Halisteresis may occur as a local affection in limited portions
of a bone, for example in the site of tumours which destroy the
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osseous tissue. More frequently, however, it extends more widely,
and occasionally involves the entire skeleton ; in the latter case

it forms the characteristic symptom of the disease known as

osteomalacia. According to the time of its appearance, this

disease is termed senile or juvenile, the latter form occurring
most frequently during pregnancy. The puerperal form is apt
to begin in the bones of the pelvis, being indeed often confined to

these and the neighbouring bones. It may, however, extend over

the greater part of the skeleton, especially when the woman passes

through several pregnancies after the disease has begun. The

non-puerperal form begins most frequently in the vertebrae and

FlO. 79. OSTKOMALACIA OF THE PELVIS.

a the fifth lumbar vertebra, which has b angular bending of the os pubis
sunk forward and to the left with
the body of the sacrum

c incurved ilium

the thorax, spreads thence to the extremities, and finally to the

cranial bones. The incidence of the disease is practically lim-

ited to certain geographical areas ; in Germany in particular it

is confined to the basin of the Rhine.
The causes of morbid decalcification are at present unknown:

many authors suppose that the presence of lactic acid in the bone-
marrow causes solution of the lime-salts; others attribute the

condition to an increased amount of carbonic acid in the blood.

According to ElSENHART, the alkalinity of the blood is dimin-
ished. Vox RECKLINGHAUSBN regards osteomalacia as essen-

tially due to some local irritation of the vascular mechanism of

the bones. Anatomical examination of the osseous tissue gives
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no adequate clue to the causes of the disease. During the pro-

gress of the malady the bone-marrow is hyperaemic, and frequently
contains scattered haemorrhagic foci, or traces of them such as

pigmentary deposits. During the stage of

hyperaemia the fat of the marrow appears to

be decreased and the cells to be increased.

The marrow may again assume its fatty char-

acter, or it may become gelatinous. Where
the bony substance has in large measure dis-

I'lpffiPfv >7 appeared, the marrow usually becomes liquid,
\-mME'&- ancj iarger Or smaller smooth-walled cysts are

produced. Under certain conditions, the tis-

sue filling the medullary cavities having be-

come liquid, and the exterior wall being
reduced to a thin decalcified stratum covered
with periosteum, a long bone may assume the

appearance of a mere membranous sac.

Bones that have been severely affected by
osteomalacia always lose their firm consis-

tence ; they are readily broken, bent, or in-

dented, and a knife may with ease be passed

through their entire thickness. Sometimes in

the case of the long bones a mere cortical

layer of the thinness of paper alone retains

the form of the bone, while the almost en-

tirely decalcified bodies of the vertebrae may
be squeezed out like a sponge. In these cir-

cumstances it is not surprising that the skele-

ton undergoes manifold variations of form

during life. Various curvatures and angu-
larities, with shortening of the total length,

may take place in the spinal column, accord-

ing to the weight it has to bear, and the soft-

ness and pliability of the several segments.
Forward curvature is called lordosis, back-

ward curvature kyphosis, and lateral curva-

ture scoliosis. In kyphosis of the thoracic

vertebrae, the ribs are pushed together and
the sternum is bent at an angle. In addition

to this, the lateral parts of the ribs are forced

in, or even sharply bent, by atmospheric

pressure during inspiration, and by the weight
of the body when recumbent on the side. In
the pelvis (Fig. 79) the base of the acetabu-

lum yields to the pressure of the head of the

femur, and is forced toward the interior of the pelvis, while the

symphysis pubis is pressed outward and forward. In the erect

posture the promontory of the sacrum sinks downward (a), and

FIG. 80. OSTEOMALA-
CIA OF THE TIBIA.

(Frontal section of left
tibia bent outward as
a result of osteomala-
cia: one-third natu-
ral size)

a b relatively well-pre-
served cortical strata

c rarefied cortical stra-
tum

d newly-formed osteoid
tissue
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the iliac crests are bent by the traction of the muscles attached
to them. These distortions give rise to various degrees of con-

traction and deformity of the pelvis, which are often increased

by shrinking and atrophy of its several bones. Bending, angular
yielding (Fig. 80), and fracture are of frequent occurrence in the

bones of the extremities.

When the weight borne by the bones, or traumatic injury, gives
rise to curvature, angularity, or fracture, new bony tissue may
be formed even though halisteresis is still in progress, and fract-

ures may thus become consolidated by the development of well-

defined callus. In curvature of the long bones the new-formation
of osseous tissue on the convex parts of the curve is often very
considerable (Fig. 80 d). One difference between this new-
formation and osseous repair in healthy persons (Arts. 44 and 45)
is that in the former case the new tissue becomes calcified only
in part, namely in the centre alone of the bony trabeculae, and

persists for a long time in the condition of osteoid or semi-cartilag-
inous tissue. This new osteoid tissue is readily distinguished
from the old and decalcified tissue by the fact that the former
contains large bone-corpuscles with well-developed cells, and that

its matrix has a different structure. New osteoid tissue is not

infrequently formed in bones that have not perceptibly bent or

yielded.
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CHAPTER XVI

REGENERATION AND HYPERTROPHY

44. The osseous part of the skeleton, when it has reached its

full development, is a structure that cannot be increased in size

by the intercalation of new tissue between the elements of the

old. The theory set forth by many authorities (WOLFF, GUD-
DEN), and maintained even in recent times, that the osseous tis-

sues are capable of increase by expansive or interstitial growth,
can at most be admitted in the case of bones that have not yet
attained their maturity. The mature bone grows only by the

apposition or addition of new bony elements outside the old, and
even when the medullary cavity of the bone appears to grow wider
it is only because apposition of bony matter on the exterior is

accompanied by resorption of the interior.

New osseous tissue is formed by the periosteum, by the

marrow, and by the diaphysial and epiphysial cartilages. It is

the internal stratum of the periosteum, variously described as

the cambium layer (BILLROTH), proliferous stratum (ViRCHOw),
osteoplastic stratum (STRELZOFF), or periosteal marrow (RAN-
VIER), that normally produces bone, although this power is not

entirely lacking in the outer layer. From its mode of origin, the

inner periosteal layer is equivalent in its nature and structure to

the bone-marrow, and is for the most part in unbroken continuity
with it.

The bony tissue that developes from the marrow and the peri-
osteum begins either as a purely cellular structure or as a tissue

that, before its ossification, is composed of cells embedded in a

hyaline or fibrillated matrix. The process of ossification con-

sists essentially in the conversion of certain parts of the prelim-

inary structure, destined to form the substratum of the bone, into

a dense tissue containing lime-salts, while the remaining cells not

thus utilised become enclosed within peculiar stellate cavities in

the osseous matrix and are termed bone-corpuscles.
In the formation of bone from the cartilages of the diaphyses

and epiphyses the cartilage is almost entirely absorbed by the

adjacent medullary tissue, and the new bone is derived essentially
from the cells of the marrow (Art. 54).

The production of new bone under pathological conditions is

exactly similar to the normal process of ossification. Most fre-
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quently the production is effected by the aid of osteoblasts or

bone-forming cells derived from the periosteal or medullary cells,

which multiply by karyokinetic subdivision.

When the new osseous formation is designed merely to

strengthen existing trabeculae, the osteoblasts are grouped on
the surface of the old bone in the form of a close fringe or border,
and are distinguishable by their size and their clear vesicular

nuclei (Fig. 81 c). The osteoblasts, at the expense of the greater

portion of their protoplasm, then give rise to a dense fibrillated

connective-tissue framework or matrix, which contains small stel:

late cavities, the so-called bone-corpuscles. These cavities remain

open, and are occupied by such of the osteoblasts as are not used

up in the formation of the matrix (Fig. 81 b). By the deposition
of lime-salts in the matrix the newly-formed tissue receives the

characters and appearance of bone, and forms a new lamella on
the surface of the old (6), the

cells it encloses representing the

residual osteoblasts.

When fresh trabeculae are to

be formed in the periosteum or

the marrow, and these structures

are in process of proliferation,
the osteoblasts group themselves
within the cellular germinal tis-

sue in rows and clusters of various

sizes. Between them is formed
a dense fibrillated matrix, stained

red by carmine (Fig. 82 e f and

Fig. 83 c), which encloses the re-

maining osteoblasts within irregu-

larly-branched or stellate spaces.
The tissue so built up grows more
and more like bone in texture,
and is accordingly termed osteoid
tissue. When it is infiltrated with lime-salts it is converted into

osseous tissue, the thickness of which may afterwards be greatly
increased by the apposition of new bone, elaborated by layers of

osteoblasts (Fig. 82 </).

The tissue formed by the proliferous periosteum or marrow not

infrequently in the first instance resembles cartilage (chondroid
tissue) ; this may afterwards be converted into osteoid tissue, or

may develope into well-formed cartilage (Fig. 84 ft).

The formation of cartilage (6) from the proliferous germinal
tissue is characterised by the appearance of a hyaline matrix
between the formative cells or chondroblasts. The hyaline
matrix, when treated with haematoxylin, takes a reddish-violet or

purple stain (Fig. 84 /). The persisting chondroblasts (d) are

ultimately enclosed within rounded cavities, about which the

Fio. 81. THK FORMATION OF NKW BONK
ON THE SURFACE OF OLD BONE BY
MEANS OF A LAYER OF OSTEOBLASTS.

(Preparation hardener! in Mitller's fluid
and alcohol, decalcified with picric
acid, stained icith haematoxylin and
carmine, and mounted in Canada
balsam : x 300)

a old bone
6 newly-formed lamella
c osteoblasts
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matrix becomes somewhat condensed and so forms a sort of

capsule.
The newly-formed cartilage, except in the case of chondromata,

is usually short-lived, and is soon transformed into osseous tissue

or into marrow. This change is always preceded by the penetra-
tion of blood-vessels into the substance of the cartilage (Fig.
85 c), accompanied by the formation of processes of cellular

medullary tissue (d e). Some of the marrow-cells come with the

ingrowing blood-vessels ; others are derived from the cartilage
itself (i &), which in the neighbourhood of the blood-vessels

FlO. 82. MYELOttENOUS FORMATION OF BONE FROM AGGREGATIONS OF OSTEOBLASTS.

(Sectionfrom the internal callus of a fortnirjht-oldfracture of the fibula in a man aged
25: preparation hardened in Mailer's fluid and alcohol, decalcified with picric acid,
stained with haematoxylin and carmine, and mounted in Canada balsam : X 150)

a fat-cells of the marrow /
6 fatless marrow
c single osteoblasts g
d groups of osteoblasts
e first stage in the development of the h

osseous matrix

osseous traheculae in process of forma-
tion

osteoblasts surrounding the newly-
formed trabeculae

blood-vessel

breaks up and becomes proliferous. If the cartilage is not in this

way entirely dispersed and displaced, its remnants, reduced to a

few trabeculae, are transformed into osteoid tissue (Fig. 85 /)
and then into true bone, whose trabeculae may afterwards receive

appositional increments from the action of osteoblasts (Fig. 85 </).

In a similar manner epiphysial cartilage, whose physiological

growth has ceased, is transformed into bone. The formation of

bone in this case is likewise preceded by the development of

medullary processes and spaces, originating either in an ingrowth



AI; i. 44] GROWTH OF BONE 15T

of marrow from adjacent parts, or in preliminary dissolution and

subsequent proliferation of the cartilage itself.

FIG. 8&- FORMATION OF OSTEOID TRABECULAE FROM PROLIFEROUS PERIOSTEUM.

(Preparation from a fortnight-old fracture : hardened in Miiller's fluid and alcohol,
decalcified with picric acid, stained icith haematoxylin, and mounted in Canada
balsam : X 50)

a external fibrous layer of the perios- c osteoid tissue
teum d chondroid tissue

b germinal tissue e medullary tissue

Bone-formation also, and not infrequently, occurs in mature
tissues that have ceased to be proliferous, their substance under-

going metaplastic transformation. When connective tissue is

a

d

Fia. 84. PERIOSTEAL FORMATION OF CARTILAGE.

(From a fracture five days old: preparation treated with Flemmino's nucleus-fixing
solution and haematoxylin, and mounted in alycerine : x 250)

a cellular germinal tissue e
b chondroid tissue f
c proliferous neriosteal formative cells /

d cartilage-cells h
'i

-'- karyokinesis in cartilage-cells

matrix of the germinal tissue
matrix of the cartilage
capsule of cartilage-cell

proliferous endothelium of a capillary
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thus changed into osseous tissue, the steps of the process are

these: In a particular region the fibrous groundwork of the tissue

(Fig. 86 a) becomes more condensed (>), and lime-salts are de-

FIG. 85. FORMATION OF BONE FROM CARTILAGE IN A CALLUS FOURTEEN DATS OLD.

(Preparation hardened in Mutter's fluid, decalcified with picric acid, stained with
carmine, and mounted in Canada balsam: X 200)

hyaline cartilage
medullary spaces
blood-vessel
cellular medullary tissue
fibro-cellular medullary tissue
osteoid tissue

osteoblasts

cartilage-cells set free by the disap-
pearance of the matrix

proliferous cartilage-cells in a capsule
that has burst open

proliferous cartilage-cells in a closed

capsule

FIG. 86. FORMATION OF BONE FROM CONNECTIVE TISSUE.

(Section through a developing trabecula from an ossifying fibroma in the periosteum of
the superior maxilla : preparation hardened in alcohol, cut without previous decalci-

fication, stained with haematoxylin, and mounted in Canada balsam : X 200)

a connective tissue c
6 condensed tissue forming the ground- d

work of the new bone di

calcareous infiltration

connective-tissue cells

bone-corpuscles
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posited in it (<?) ; the connective-tissue cells (<f) are then by
degrees enclosed in irregularly-shaped cavities, and thereby
become converted into bone-corpuscles (c?j).

Since the time when it was conclusively ascertained that bones grow by
apposition, various writers (OLLIKK, HUMPHRY, VIKCIIOW, STRELZOFF, GUD-
DKX, J. WOLFF, VOLKMANN, HUETKR, RUGE, KGGEU, and others) have main-
tained that growth may likewise take place interstitially. They have sought
to prove this by various methods, including the microscopic examination of

growing bones, the insertion of pegs or the piercing of drill-holes at various

points in their length, and the fixing of rings and metal discs beneath the

periosteum. None of these methods have however sufficed to demonstrate
that interstitial growth actually takes place in bones that have already attained

maturity.
According to KOLLIKER, three varieties of bone may be distinguished in the

skeleton, namely, (1) true lamellar bone in the Haversian systems; (2) lamellar

bone with Sharpey's fibres, in the intermediate or fundamental lamellae of the

long bones
;
and (3) true fibrous or membrane bone in the flat bones of the

skull.*

The lamellar bone is produced by osteoblasts, and consists entirely of a

gelatine-yielding calcified fibrillated substance, without any cementing material.

The bundles of fibrils form by their apposition continuous layers or sheets, and
in contiguous layers may run parallel or decussate with each other.

The lamellar bone with Sharpey's fibres, or lamellar fibrous bone, consists

of true lamellar osseous tissue formed by osteoblasts, and of non-calcified fibrous

bundles, or Sharpey's fibres, which originate from the periosteum. The com-

pact substance of the long bones in the foetus and in young children contains
a remarkable mesh-work of ramifying and interwoven Sharpey's fibres, and has
therefore been called plexiform osseous tissue (EBNER). True fibrous bone
arises from connective tissue and cells, the connective-tissue matrix becoming
entirely calcified.
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45. When the continuity of a bone is interrupted by traumatic

injury, so that fracture or fissure is caused, proliferation of the

cells of the periosteum and marrow is speedily set up, and in the

course of a few weeks, if the wound remains uninfected and free

from suppuration, results in the repair of the fracture. The
newly-formed osseous material which unites the fragments of the

bone is termed callus
; according to its source it is distinguished

as exterior or periosteal, interior or myelogenous, or intermediary
callus. Immediately after the injury by which a bone is splintered,
or broken transversely or obliquely, the ends of the fragments
(Fig. 88), as well as such splinters as may have been broken off

from them (Fig. 88 6), are usually more or less displaced in rela-

tion to each other. The periosteum is generally torn at the seat

of fracture and in part stripped from the bone; while the neigh-
bouring soft parts are also torn and crushed to a varying extent.

A certain amount of blood is extravasated into the bone-marrow
and the surrounding tissues.

As a result of these lesions inflammation sets in soon after the

injury is inflicted, so that the tissues are infiltrated with liquid
in the first place and later on with extravasated cells. The peri-
osteum accordingly appears reddened and swollen during the first

few days after the fracture. Its fibrous layers are distended and

separated by albuminous liquid, and small round-cells appear here
and there through its texture (Fig. 87 #). Similar changes occur
in the tissues contiguous to the periosteum, as well as in the parts
where the marrow is torn. After the second day cells can be
detected which contain fragments of disintegrated blood-corpus-
cles, leucocytes, and the detritus of damaged tissue.

In simple fractures the inflammation at no time reaches a high
degree of intensity. After a few days the inflammatory symp-
toms usually decrease; at the end of the fifth or sixth day the
number of extravasated leucocytes in the tissues is small, and
unless the damage has been severe they usually disappear entirely
within the next few days.

On the second day after the fracture the first signs of prolifer-
ation show themselves in the cells of the periosteum and of the

bone-marrow. Here and there the cell.s and nuclei become swollen

(Fig. 87 a), and the various forms of karyokinetic nuclear divi-

sion follow in their regular order (i <?). During the next few

days the number of proliferous cells increases, and at the same
time the endothelium of the blood-vessels (c?) undergoes active
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proliferation. By the third or fourth day the osteoblastic layer
of the periosteum has been transformed into a highly-vascular

germinal tissue (Fig. 87) consisting of somewhat large poly-

morphous cells. Some of these exhibit karyokinetic figures, and
all are' embedded in a homogeneous or fibrillated matrix, enclos-

ing isolated leucocytes. The blood-vessels are frequently almost
occluded by their proliferous endothelial cells.

The cells of the external layer of the periosteum also undergo
proliferation; but here the fibrous structure of the membrane
remains visible throughout.

From the fourth day onward the germinal tissue begins to

be differentiated. In the layers nearest to the bone appear little

patches, that presently unite into trabeculae, of osteoid and occa-

sionally of chondroid tissue (Fig. 83 c d and Fig. 84). These

patches and trabeculae are after a short time transformed into

FIG. 87. PROLIFEROUS PERIOSTEUM FOUR DAYS AFTER FRACTURE OF THE BONE.

(Preparation treated with Flemming's nucleus-fixing solution, stained with haematoxy-
lin, and mounted in glycerine : X 250)

a pale formative cells with large nuclei e endothelial cell showing karyoki-
6 osteoblasts showing karyokinesis netic figure
c two cells with nuclear stars shortly / small deeply-stained formative cells

after division g leucocytes
d blood-vessels with proliferous endo-

thelium

osseous tissue. The highly-vascular germinal tissue lying be-

tween these cellular aggregations retains its loose structure, and

by degrees assumes the characters of bone-marrow. In the course

of the next few days the number of osteoid trabeculae forming
on the broken surfaces steadily increases, and by the end of the

first week the extremities of the two fragments are covered with
a umltitude of young osteophytes (Fig. 88 d d^) and osteoid

trabeculae (e e^).
The region of periosteal osteophytic growth in the long bones

always extends for some distance toward the epiphyses, and in
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FIG. 88. LONGITUDINAL SECTION THROUGH A FRACTURE OF THE FIBULA FOURTEEN
DAYS OLD.

(From a man aged 25: preparation hardened in Mutter's fluid, decalcified with picric
acid, stained with haematoxylin and carmine, and mounted in Canada balsam : X 7)

a cortical layer of the fibula 6 small splinters c fatty marrow d dj periostea!

osteophytes e e\ trabeculae of osteoblasts and osteoid tissue / newly-formed
cartilage g myelogenous osseous trabeculae h myelogenous trabeculae
of ostenblasts and osteoid tissue i connective tissue covering the fractured ends
k osteoblasts I external fibrous layer of the periosteum
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such a manner that the proliferation is greatest nearest the seat

of fracture and decreases gradually as it recedes from this point.
In the neighbourhood of the fractured ends the periosteal

germinal tissue may be in the first instance transformed more
or less completely into hyaline cartilage (Fig. 88/); this how-
ever is only temporary, and is soon changed into spongy bone

(Fig. 85). Sometimes fibrous connective tissue is formed in

small patches, but this too is later on elaborated into osseous

tissue.

The new tissue which developes from the inner layer of the

periosteum generally gives rise at first to a spindle-shaped swell-

ing of the periosteum over the ends of the broken bone. Usually
during the second or third week the proximal and distal frag-
ments are bridged over by the periosteal proliferation, and as

the development of firm osseous trabeculae proceeds, the sepa-
rated fragments are again united. If splinters have been detached

(Fig. 88 6) but not deprived of vitality, they are joined to the
ends of the bone by osseous trabeculae that grow between them
or cover them over. While the outer periosteal callus is thus

being formed, an internal myelogenous callus (Fig. 88 </) usually

developes at the same time in the marrow. The process is as

follows : the proliferous osteoblasts form trabeculae (A) ; these are

then transformed into osteoid tissue, and finally into osseous tissue.

The inner callus is generally much less bulky than the outer, and

may under certain conditions be represented merely by a few
trabeculae.

The intermediary callus that forms between the fragments is

almost entirely produced by the ingrowing of the external peri-
osteum.

At a very early stage processes of resorption are set up both
in the old and in the newly.-formed bone. As regards the former,
the jagged ends of the fragments (&) and the separate splinters

(6) are absorbed. In the course of some months, after union has
taken place, the portion of the callus which is unessential to the
function of the bone is again removed. A certain amount of

involution also occurs in the callus, and those trabeculae which
are especially exposed to mechanical stress are thickened by
apposition. In the old bone those parts which have become use-
less by reason of their altered statical conditions (WOLFF) are
absorbed. After months or years the texture and form of the
fractured bone thus approach very nearly to their original condi-

tion, and the boundary line between the old and the new bone

disappears, so that in cases where there has been but little dis-

placement of the ends, the line of fracture may be marked only
by an inconsiderable thickening (Fig. 89 a 6). In cases where
the dislocation of the broken ends has been more pronounced,
greater deformity of course remains.

At the same time that resorption takes place in the outer
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callus, processes of involution are set up in the indurative thick-

ening of the connective tissues of the contiguous soft parts, which

usually accompanies the healing of the fracture.

The bulk of the callus varies greatly in different cases, and

depends, apart from the individual peculiarities of the patient,

upon the nature of the osseous tissue at the seat of fracture, upon
the size of the bone, and upon the kind of fracture. The greatest
amount of callus forms in fractures through the diaphyses of the

long bones. The callus is much smaller in

fractures near the epiphysial ends of the

long bones, in the small cancellous bones,
and in the flat bones, such as the scapula,
innominate, and cranial bones. In the lat-

ter case the external callus is very small

indeed, and scarcely shows above the sur-

face ; it may afterwards be entirely ab-

sorbed. The fissure between the edges of

the fragments is often incompletely bridged
over by osseous tissue. In fractures which
extend from the diaphysis into a joint, the

extra-capsular callus is strongly developed,
while the intra-capsular callus is scanty.
In some cases, the joint is bridged over by
osteophytes arising from the extra-capsular
callus.

In incomplete fractures, by which the

continuity of the bone is only in part in-

terrupted, and no portion is entirely sev-

ered from its connexions, the formation of

callus is limited. The like holds for '

green-
stick

'

fracture of the long bones, dinting
or depression of the flat bones, contusion

or crushing of the spongy bones, and for

simple cracks or splittings of bones in

general.
In complete fractures, in which there

is an entire separation of the broken parts,
the amount of callus is dependent, other

conditions being equal, upon the amount
of separation and upon the number of

fragments. The callus is least when the separation is so slight
as not to tear the periosteum. It is very much greater when there

is marked lateral displacement, or overlapping of the fragments
in the longitudinal direction, and when the displaced fragments
meet at an angle (Fig. 90). A comminuted fracture with much

splintering requires a greater amount of callus for its repair than
does a simple transverse or oblique fracture.

If splinters of bone are broken off and widely separated,

FIG. 89. REUNITED FRAC-
TURE OF THE TIBIA AND
FIBULA, WITH SYNOSTO-
SIS OF THE BONES.

(Half the natural size)

a line of fracture in the
tibia

b in the fibula

c osseous union between
the tibia and fibula
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union between them and the bone may not take place. Necrotic

fragments produce and keep up an inflammatory irritation, which
lasts until they are absorbed. Living fragments that preserve
their periosteal covering may increase in size through apposition ;

but they are ultimately absorbed. Fragments enclosed in the

callus are either thickened by apposition or rarefied by resorption,
their fate depending on whether or not they are capable of sub-

serving the statical function of the restored bone.

FIG. 510. FRACTURE OF THE SPINE NINE MONTHS OLD, WITH GREAT DISPLACEMENT
OF THE VERTEBRAE.

(Reduced about one-half)

d upper portion of the first lumbar ver-a thoracic vertebrae
b lumbar vertebrae
c callus formed on the lower half of the

fractured first lumbar vertebra

tebra, torn and dislocated forwards
and downwards, and united by osse-

ous bridges to the anterior surface of

the second and third lumbar vertebrae

When contiguous bones, such as the tibia and fibula, are broken,
the tissue produced by the proliferation of the torn periostea may
coalesce, and so lead to the formation of a synostosis (Fig. 89 c).

If the ends of the fragments are widely separated by the

traction of muscles (us in transverse fracture of the patella and
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fracture of the olecranon) or otherwise, or if the fragments are

continually subject to relative displacement, bony union may fail

to take place. This may happen when soft parts are caught
between the ends of the fragments, as sometimes occurs at the

upper extremity of the humerus and femur ; or when one of the

fragments is ill-nourished and possesses little osteoplastic tissue.

The latter condition arises chiefly in the case of intra-capsular
fractures, and more particularly in intra-capsular fracture of the

neck of the femur (Fig. 92). Senile debility
and marasmic conditions of the body may delay
the formation of callus. Lastly, even in per-

fectly healthy patients, osseous union some-
times fails.

When the ends of the fragments are im-

movably united by firm fibrous bands (Fig.
91 (?) instead of by bone, a pathological syndes-
mosis is formed ; but when the union of the

fragments is looser and more or less movable a

false joint (Fig. 92) or pseudo-arthrosis is

the result. In many cases the pseudo-arthrosis
consists of a loose ligamentous mass uniting
the fragments, and this, by a gradual change of

form in the ends of the bone, may form a new
joint or nearthrosis. In such cases a false

head (Fig. 92 cT) and acetabulum (e) may be

produced, the opposed surfaces being covered
with dense connective tissue, or in rare in-

stances with cartilage, and the periphery of the

surfaces of contact being invested with a sort

of capsule (/).
Other things being equal, the duration of

the process of repair in a given fracture depends
upon the size of the bone. According to GURLT,
the average time required for the healing of a

broken digital phalanx is two weeks ; of a rib,

three weeks ; of a forearm, five weeks ; of an

upper arm, six weeks ; of a tibia, seven weeks ;

of a femur, ten weeks ; and of the neck of the

femur, twelve weeks. In children, the process
is much more rapid. In children under two

years of age, the majority of fractures unite in from two to three

weeks. Sometimes in otherwise perfectly sound patients the

healing is, for some unknown reason, unduly delayed.
Pieces are sometimes resected from the shaft of a bone by

surgical operation, or the articular ends of two bones are removed
and the resected ends fitted together ; in such cases the result may
be either bony union or the formation of a new joint.

FIG. 91. FRACTURE
OF THE FIBULA,
REPAIRED BY SYN-
DESMOSIS.

(Two-thirds of the
natural size)

lower fragment
upper fragment
syndesmosis
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WOLFF : Das Gesetz d. Transformation d. inneren Architeclur d. Knochen bei pathol.

Veranderungen 1881
;
Das Gesetz d. Transformation d. Knochen Berlin 1893

FlG. 92. PSEUDO-ARTHROSIS AFTER FKACTURB OF THE NECK OF THE FEMUR.

(Three-fifths of the natural size)

shaft of the femur d rounded surface of fractured neck of the femur
6 head of the femur
c acetabulum

e smooth concave surface of fractured head of the femur
/ fibrous bands forming part of a new capsule

46. In many cases the production of new bone must be

regarded as a purely reparative process, as for example after

fracture or resection, where the new bone firmly reunites the

seve*red portions. In other cases the formation of new osseous

tissue leads to hypertrophy of the bone. Of this nature is the

proliferation which accompanies inflammation (Chaps, xvi and

xvii). In growing bones hypertrophy sometimes makes its
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appearance without any recognisable cause (Chap. xvin). In
other cases the increased production of bone is referable to the

presence in the blood of certain chemical substances, such as

phosphorus and arsenic. New bone is also frequently produced
in the neighbourhood of tumours of the marrow or periosteum,
or it may develope in the mass of the tumour itself.

When by long-continued periosteal and endosteal hyperplasia
a bone increases greatly in size, the condition is termed hyper-
ostosis. The term osteosclerosis is applied to that condition in

FIG. 93. RESORPTION AND APPOSITION OF BONE.

(From the neighbourhood of a metastatic cancer-node in the diaphysis of the humerus:
preparation hardened in Miiller's fluid and alcohol, decalcified with picric acid,
stained with haematoxylin, and mounted in Canada balsam : X 50)

a cortical layer of the humerus d osteoblasts
6 normal Haverslan canal e osteoclasts and Howship's lacunae
c dilated Haversian canal with wide / cancer-nodes

blood-vessels g stroma of the cancer

which the medullary spaces of a spongy bone are encroached upon
by the deposition of osseous tissue upon the old trabeculae, or

by the formation of new ones, so that the cancellous tissue becomes
close and dense in texture. Circumscribed osseous deposits in the

interior of a bone are termed enostoses
;
small circumscribed peri-

osteal deposits are termed osteophytes ; larger ones, exostoses.
The latter develope at the point of insertion of tendons, and near
the attachment of cartilages. When exostoses developed from the

outer layer of the periosteum are not firmly united to the bone,

they are known as movable exostoses. Extensive formations of
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osseous tissue on the exterior of a bone are spoken of as peri-
ostoses. All these formations arise chiefly in connexion with

intlnmmations; but they may be produced without demonstrable
cause. Osseous tissue developed from a cartilaginous basis is

termed! chondroid exostosis. Some exostoses are produced with-
out passing through a cartilaginous stage, and are known as

fibroid exostoses. Very frequently the processes of bone-

resorption and bone-apposition are combined, and the latter may
either precede or follow the former.

Thus a tumour, developing in the interior of a bone (Fig. 93

may by lacunar resorption occasion the disappearance of the

adjoining bony substance ; while apposition of bone takes place

simultaneously in the Haversian canals beyond, and in the perios-
teum, either by the deposition of osteoblasts (c?) on the old bone,
or by the formation of new periosteal trabeculae. The result is

Fio. 94. APPARENT DILATATION OF THE RADIUS.

(From a child, the dilatation arising from internal resorption and external apposition,
accompanying central tuberculosis : natural size)

that as the tumour grows and the old bone entirely disappears,

although the growth rises above the former surface, it neverthe-
less remains continually covered by a surrounding crust or shell

of bony tissue.

In a similar manner the destruction of a long bone by tuber-
culous granulations may be accompanied by the deposition of new
bone on the external surface. If this new layer is in its turn de-

stroyed, while fresh apposition once more takes place on the

exterior, the bone has the appearance of dilating, and at the same
time its walls become thinner (Fig. 94).

In a bone that has been amputated or resected, resorption and

apposition always occur in the sawn or chiselled portions; and when
from any cause new osseous tissue has been formed at any point,

resorptive processes are probably always set up in it at a subse-

quent stage. In this manner, projecting osteophytes may disap-
pear, and roughenings of the bony surfaces may become smoothed
out again.
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CHAPTER XVII

INFLAMMATIONS OF BONE

47. The acute haematogenous inflammations of bone con-

stitute a group of affections that are most commonly produced
by pathogenic micro-organisms, though other noxious agencies

may also give rise to them.

Among the infective diseases by which the inflammations of

bones and joints may be induced, the following are the most note-

worthy : multiarticular rheumatic arthritis, pyaemia, scarlatina,

measles, typhoid fever, relapsing fever, dysentery, small-pox,

mumps, gonorrhoea, and acute infective osteomyelitis and peri-
ostitis. The latter disease, which originates from the invasion

of pyogenic micrococci, owes its name to the fact that the asso-

ciated inflammation of the marrow and periosteum forms a char-

acteristic feature of the disease. In acute articular rheumatism
inflammation of the joints appears as an essential symptom, and
is generally accompanied by inflammation of the endocardium
and of various serous membranes. In scarlatina, typhoid fever,

measles, pyaemia, and gonorrhoea, the inflammations of bones
and joints are not pathognomonic, but occur as more or less

frequent complications; these must accordingly be regarded as

mctastatic in their nature, inasmuch as they are due to infection

conveyed to the seat of inflammation from another part of the

body.
In gonorrhoea the joints only are affected by metastatic in-

flammation; in relapsing fever and small-pox we may have osteo-

myelitis; in pyaemia, scarlatina, measles, and typhoid fever, both

ostitis and arthritis may occur.

The signs of inflammation are primarily manifested in the

vascular tissues of the bones, namely the periosteum and the mar-

row; and, according as it affects chiefly the one or the other

tissue, the inflammation is described as periostitis or osteomye-
litis. Inflammation of the bone-marrow or of the cortical stratum

of the spongy bones is often termed ostitis. Slight and transient

inflammations leave the substance of the bone intact, or give rise

only to a trifling amount of resorption and apposition. Severe

inflammations often terminate in caries and necrosis of the

osseous tissue.
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The gravest form of acute inflammation of bone is acute
infective osteomyelitis and periostitis. This disease makes its

appearance most frequently in young persons, and is an infective

disorder accompanied by fever. The inflammation is intense and
of a purulent or septic character; it is usually confined to one of

the long bones, but occasionally attacks more than one. The
femur is most frequently the seat of the disease, then the tibia,

less often the long bones of the arm, and still more rarely the

short and flat bones.

The disease arises either spontaneously, without any manifes-

tation of previous infection, or in association with typhoid fever,

measles, or scarlatina. Whether in the latter case it is to be

regarded as due to the virus of the initial affection or to a second
infection of a specific kind cannot as yet be determined, although
the latter supposition is the more probable.

Micrococci are constantly found in true infective osteomyelitis,

Staphylococcus pyogenes aureus and albus being the forms most

frequently detected (RosENBACH, GARRE, KRASKE). The dis-

ease thus belongs to the group of septic pyaemias.
The process may originate either in the marrow or in the

periosteum, and it is characterised by inflammation which leads

to suppuration, sometimes to putrid decomposition or gangrene.
The infiltration of the periosteum is sometimes confined to that

membrane itself, and sometimes involves the contiguous loose

connective tissue. When recent it gives rise to redness and

swelling and occasionally to haemorrhages; in later stages the

infiltrated tissues assume a yellow or grey tint. The marrow is

at first hyperaemic and at times shows signs of haemorrhagic
infiltration. Later on suppurative foci of a dirty-yellow or grey
colour are formed, usually in the diaphyses, but occasionally in

the epiphyses also. In severe cases the entire marrow of the dia-

physis suppurates, and the Haversian canals of the cortical stratum

may become filled with pus. Large quantities of pus sometimes
also collect between the periosteum and the bone. When some
of the inflammatory foci are situated near a joint, this too may
become inflamed, and serous and purulent effusions are poured
out into its cavity.

The disease frequently issues in hyperpyrexia and in death.

Metastatic abscesses sometimes result from the septic inflamma-
tion and thrombosis of the veins of the bone-marrow. Sub-peri-
osteal abscesses may rupture externally.

At the seat of the purulent or septic inflammation there is

always some necrosis of the bone (Figs. 95 and 96), but cases

occur in which the infection produces no suppuration, so that

speedy recovery by re-absorption of the inflammatory exudation is

possible.
In the graver forms the course of the disease depends primarily

upon the size and number of the necrotic foci. In suppuration of
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the entire marrow of the diaphysis,

accompanied by a total separation of

the periosteum, the whole of the shaft

may become necrotic. A limited sup-

puration will naturally cause but

slight necrosis (Fig. 96 a). Partial

necroses (Fig. 95 a) lie just under
the periosteum or in the deeper parts
of the bone, according to the situation

of the initial suppuration. Necroses
are distinguished as total or partial,
central or superficial, according to

their size and situation.

fi *

f

FIG. 95. NECROSIS OF THE LOWER THIRD OF THE DIAPHYSIS OF THE FEMUR.

(From a case offifteen years' standing : preparation preserved in spirit : four-fifths of
the natural size)

a sequestrum b c edges of the opening in the thickened bone

FIG. 96. NECROSIS OF THE LEFT TIBIA WITH PERIOSTEAL BONE-FORMATION,
FOLLOWING ACUTE OSTEOMYELITIS.

(Three-fifths of the natural size)

a sequestrum 6 periosteal bone-formation c separated epiphysis
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Soon after the commencement of suppuration, granulations

spring up ;it the margins of the affected region, and mark it off

from the adjoining tissue. At the same time signs of prolifera-
tion appear in the marrow and in the periosteum, indicated chiefly

by the formation of osteoplastic germinal tissue and of multi-

nuclear osteoclasts. With the appearance of the latter cells,

active resorption begins at the border between the dead and
the living tissue, and this, after the lapse of weeks, leads to the

separation of the former from the latter. If the inflammation of

the diaphysis in a young patient reaches the epiphysial cartilage

(which does not disappear until after the nineteenth or twentieth

year), separation of the epiphysis (Fig. 96 c) results.

The separation of the dead from the living tissue having been

accomplished, the bone encloses a suppurating cavity or abscess

containing the separated fragment of bone, which is known as the

sequestrum (a). Generally at the same time one or more open-
ings '(Fig. 95 b c) in the bone are formed, which are at first

covered over by pus-secreting granulations. Round about the

openings masses of new osseous tissue of various size have already
been formed, producing condensation or thickening of the bone.
When the entire thickness of the bone has perished, the new bony
tissue can arise only, except at the ends, from the periosteum.
In this way it surrounds the sequestrum on all sides so as to

encase it in a rigid sheath or splint (Fig. 96 6), which holds

together the surviving fragments. In partial necrosis new bone
is formed both in the periosteum and in the interior of the bone ;

in the latter case the growth originates in the marrow. As a rule

new bone is absent only at the opening through which the pus
from the abscess-cavity makes its exit.

Small sequestra may be absorbed in the course of a few weeks
or months : larger sequestra may for years (Figs. 95 and 96) keep
up a condition of inflammation, and finally have to be removed by
operation. Sometimes they can be extracted through openings
by which pus is being discharged ; but more frequently the

encasing splint of new bone has first to be chiselled away. After
the removal of the sequestrum the wound closes by granulation
and cicatrisation, and by renewed proliferation of the periosteum
and marrow. When the process is completed the bone is covered
with osteophytes and altered to an irregular shape, while its

interior is partly condensed or sclerotic, partly rarefied or osteo-

porotic. By gradual apposition and resorption the bone in time
returns more or less to its normal condition ; but even in the case

of partial necrosis, years may pass before the cancellous portion
regains its normal structure, and the original loss of substance is

entirely made good. The periosteal thickenings, and the other

changes in the spongy and in the cortical strata, are rarely if ever

entirely effaced.

The metastatic inflammations of bone which occur occasion-
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ally in pyaemia, typhoid fever, scarlatina, and measles sometimes
follow a clinical course similar to the analogous forms of infective

osteomyelitis and periostitis. Usually, however, they give rise

only to small foci of suppuration and abscesses ; sometimes indeed

(as in small-pox) the inflammation of the bone-marrow, or of the

periosteum, may be so slight and transient as to leave behind no

permanent textural alteration.

If any of the larger nutrient arteries are occluded by emboli

during the metastatic inflammation, the process may be combined
with anaemic necrosis.

In recent years OLLIER, SCHLANGE, RIEDINGER, ROSER, and others (see
SCHLANGE : Some rare affections of bone Arch. f. klin. Chir. xxxvi 18137;
RIEDINGER : Ganglion periostale or Periostitis albuminosa Festschr. fur A. von

Kolllker 1887 ; ROSER : Periostitis albuminosa Centralbl. f. Chir. 1887) have
described certain mild forms of inflammation of the bones characterised by
the presence of accumulations of clear ropy albuminous liquid, resembling
synovial fluid, under the names of periostitis and ostitis albutninosa. These
attack chiefly the larger long bones of young persons between the ages of 15

and 20, and are unaccompanied by fever. According to GARRE the affection

is in some cases only a slight form of infective osteomyelitis, which as we know
does not always take a severe course, and does not invariably lead to suppur-
ation : it sometimes gives rise merely to transient inflammatory disturbance,
followed by the formation of new bone.

References on Osteomyelitis and Periostitis.

APPELRATH : Infectiose Osteomyelitis 1890
CHIARI : Variolous osteomyelitis Ziegler's Beitrage xni 1893
COLZI : Etiologia dell' osteomielite acula Florence 1890
DMOCHOWSKI and JANOWSKI : Pyogenic action of the typhoid bacillus Zieg-

ler's Beitrage xvn 1895
FISCHER and LEVY: Bacteria in osteomyelitis and periostitis Z.f. Chir. xxxvi

1893
FROHNER : Acute osteomyelitis in short and flat bones Beitrage von Bruns v

1889
GAXGOLPHE : Maladies infectieuses des os Paris 1893
GARKE: Rare forms of acute infective osteomyelitis Kocher's Festschrift Wies-

baden 1891; Special forms of acute infect, osteomyel. Beitrage von Bruns
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HAAGA : Statistics of acute spontaneous osteomyelitis Beitrage von Bruns v 1889
IVANOFK : Subacute osteomyelitis in adolescence These Paris 1885
JABOULAY : The microbe of acute osteomyelitis These Lyons 1885
JORDAN : Acute osteomyelitis Beitrage von Bruns x 1893
KLEBS: Pathol. Anat. d. Schusswunden Leipzig 1882
KLKMM : Bone-affections in typhoid A. f. klin. Chir. XLVI 1893
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LEGIEHX : Periosteitis u. Osteitis albuminosa 1890
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ROSENBACH : Mikroorganismen bei d. Wundinfectionskrankh. Wiesbaden 1884
STRUCK: Microbes D. med. Woch. 1883
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TUBBY: Acute infective ostitis Guy's Hosp. Reports xi.vn London 1890

ULLMANN :

Osteomyelitis
acuta Vienna 1893

VOI.I.KRT: Albuminous periostitis (so-called) Volkmanns kl. Vortrdge 352

1890
WITZEL : KnochenentzUndungen bei acuten infect. Erkrankungen Bonn 1890

48. When a bone is crushed, torn, broken, or injured in any

way by traumatic violence, haemorrhage and inflammation are

induced (Art. 45). These con< litions rapidly pass away, and the

injury is repaired by regenerative growth of the periosteum and

marrow.
If the traumatic injury, such as a fracture, is accompanied

by simultaneous perforation of the skin (compound fracture),

whereby a communication is established between the external air

and the bone, and contamination of the wound by pathogenic

micro-organisms takes place, an intense inflammation is set up that

completely perverts the process of repair.
In favourable cases pus-secreting granulations are formed in

the wound : these cover over the exposed bone, and force them-

selves in between the fragments. After a time new bone is

formed in the periosteal granulations, and repair may be com-

pleted without necrosis. More frequently, however, the infection

leads to suppuration, and wherever considerable accumulations

of pus take place the tissues perish and the bone over a greater
or smaller area becomes necrotic.

In certain cases a large part of the marrow of the fractured

bone becomes the seat of suppuration, and the periosteum also is

destroyed to a greater or less extent. The suppuration may
extend from the bone to the nearest joint, to the intermuscular

connective tissue, and so on. These complications render the

course of the affection similar to that of haematogenous purulent

periostitis and osteomyelitis (Art. 47), and tend to produce

sequestra which can be loosened and extruded from the body
only by long-continued processes of resorption. The formation

of callus is for the most part limited to the periosteum surround-

ing the necrotic fragments.
Such a course of events is specially characteristic of gunshot

injuries, of which an open wound and extreme comminution of

the bone are the usual concomitants. It may also however take

place in amputation-stumps, when the operation-wound becomes

septic and inflamed from the invasion of bacteria.

Not infrequently the irritant causing the inflammation pene-
trates from the exterior into the periosteum and the bone, without

antecedent traumatism. This generally happens when the tissues

contiguous to the bone are the seat of inflammation. But the

irritant sometimes reaches the bone without previously exciting
inflammation in the immediately adjacent structures. Thus sup-

purating ulcers of the scalp or of the nasal mucous membrane,

purulent inflammations of the pelvic connective tissue, and the
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like, may extend to the periosteum and marrow of the contiguous
bones, and there set up suppuration, caries, and necrosis. Peri-

osteal inflammation is apt to be set up in a finger the skin of which
has been injured and infected, as in panaritium or whitlow.

49. Chronic inflammations of bone, apart from the tuber-

culous, syphilitic, and actinomycotic forms, are chiefly the result

cf acute inflammations which have induced conditions that give
rise to long-continued irritation. This is the case with all haema-

togenous, traumatic, and metastatic inflammations that issue in

necrosis. The changes accompanying chronic inflammation of

the periosteum and bone-marrow may thus be inferred from
what has already been described. Pus-secreting granulations are

FIG. 97. PHOSPHORUS-NECROSIS OF THE LOWER JAW.

(The necrotic jaw-bone is enclosed in a sheath of new bone: after VON SCHULTHESS-
RECHBERG)

formed at the seat of necrosis, and these surround and enclose

the central or peripheral sequestrum. From the cavities thus
formed (so-called cloacae), fistulous tracks or sinuses lined with

granulations pass outward, and permit the pus to escape. The
processes of resorption and apposition alternate in the rest of the

bone, and lead partly to osteoporosis, partly to hyperostosis.
Phosphorus-necrosis deserves separate mention. This affec-

tion makes its appearance among the workers in match-factories,
and almost always attacks the jaw-bones (Fig. 97), very rarely

affecting the other bones of the face. It is caused by the absorp-
tion of yellow phosphorus, which obtains access to the bone from
the mouth. An essential preliminary factor in the aetiology of
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this local destructive action on the jaw
wound or sore of the gum, or the loss

saliva, carrying with it the chemical

poispn .and certain pathogenic micro-

organisms, gains access to the deeper
structures (KOCHER).

A slight inflammation of the perios-
teum is usually the first manifestation,
and thereupon the periosteum and the

marrow proliferate and produce new
bone, the maxilla thus becoming thick-

ened and sclerotic. Later on suppura-
tion takes place in the periosteum and

occasionally in the marrow, leading to

necrosis of larger or smaller portions of

the bone ; and these after a time exfo-

liate. In some cases the entire inferior

maxilla perishes. If the patient con-

tinues to be exposed to the vapours of

phosphorus, the crust of new bone en-

closing the dead portion may itself be-

come necrotic.

Occasionally the periostitis is acute
from the outset, and leads directly to

suppuration and necrosis, without the
formation of new osseous deposits.

Chronic inflammation of bone also

results from the like inflammation in

the immediately adjacent tissues, as for

instance from cutaneous ulcers (Fig. 98)
or hyperplastic inflammations resulting
in elephantiasis. The inflammatory pro-
cess in these cases leads to cicatricial

thickening of the periosteum, beneath
which the bone is sometimes eroded,
sometimes beset with osteophytes and
diffuse hyperostoses. Now and again
these overgrowths reach a very consid-
erable size (Fig. 98).

is the presence of some
of a tooth, whereby the

FIG. 98. PERIOSTEAL HYPEROS-
TOSIS OF THE TIBIA.

(At the base of a chronic ulcer

of the leg : two-thirds of the
natural size)

References on Phosphorus-necrosis.
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HACREL: Phosphorus-necrosis Langenbeck's Arch, xxxix 1890
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Jpsx : Phosphorus-necrosis Beitrage von Bruns xn 1894
K i . i i \ M \ xN : Die Phosphornekrose Leipzig 1893
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VON SCHULTHESS-RECHBEUG : Phosphorus-necrosis Inaug. Diss. Zurich 1879
TRKLAT: La necrose cause'e par le phosphore Paris 1857
YOLKMANN : Pitha and Billroth's Handb. d. Chirurf/ie n 1872
WAGNER : Effect of phosphorus on the organism V. A- 55 1872

50. Of chronic inflammations whose course throughout is

slow and insidious, there are (apart from those associated with

gout) two varieties. The one is termed hypertrophic ostitis,

or ostitis hypertrophicans, the other is ostitis deformans.
The aetiology of both these groups of affections is still altogether
obscure.

Typical ostitis hypertrophicans is a feature of the peculiar
maladies which have lately been described under the names

FIG. 99. SKELETON OF A HAND WITH HYPEROSTOSIS OF THE BONES.

(From a case of acromegaly : after ARNOLD)

acromegaly (MARIE), pachyacria (VON RECKLINGHAUSEN),
and pulmonary hypertrophic osteoarthropathy or ostSoarthropathie

hypertrophiante d'origine pneumique (MARIE). It gives rise in

early and in adult life to changes which result in the enlarge-
ment of the distal portions of the bones of the extremities and of

the face, and are often combined with deformities of the verte-

bral column. The anatomical researches of ARNOLD, MARIE,
THOMSON, and others, have shown that the increased size of the

parts is chiefly due to hyperostosis (Fig. 99), periosteal osteo-

phytes being deposited on the bone, in the shape of tuberous and

pointed excrescences which alter the form of its surface. Their

development, due to some chronic irritation of the periosteum,
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and perhaps of the marrow, is not confined to the terminal por-
tions of the limbs, but may extend over the greater part of the

skeleton, and give rise, for example, to numerous osteophytic pro-
tuberances on the femur and the pelvic bones. In acromegaly
the pituitary body is said to be always enlarged (Art. 129), and
in certain cases hypertrophic osteoarthropathy seems to be asso-

ciated with chronic pulmonary affections, probably of a tubercu-

lous nature.

Ostitis deformans is a disease of the osseous system peculiar
to old age, and is characterised chiefly by the combination it

Fio. 100. OSTITIS DEFORMANS OF THE HEAD AND NECK OF THE FEMUR.

(Four-fifths of the natural size)

a external view b section

presents of wide-spread resorption and apposition of bone. The
process may be limited to particular bones or groups of bones,
such as the femur (Fig. 100 a 6), the bones of the cranium, or
the spine (Fig. 101); or a large portion of the skeleton may be

impHcated.
Resorption of bone-substance takes place both in the cancellous

and in the cortical regions; in the latter case it produces osteopo-
rosis, which may markedly diminish the strength of the bone.
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The osseous trabeculae may entirely disappear from the cancellous

bone, and be replaced by fatty or gelatinous or even fibrous tissue

containing few cells (osteomyelitis fibrosa), in which cysts are some-
times formed by liquefaction.

FIG. 101. SPONDYLITIS DEFORMANS.

(One-half the natural size)

body of a lumbar vertebra the thickness
of which is markedly diminished in

front

6 rounded protuberances uniting the bod-
ies of adjacent vertebrae

c body of a thoracic vertebra which has

collapsed

The apposition of new bone starts from the marrow or from the

periosteum. In the former case the spongy parts become denser,
and the medullary spaces are partially filled up with new bone ;

in

the latter the bone itself is often greatly thickened (Fig. 100 a b

and Fig. 101 J), its increase in bulk, particularly in the case of the
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skull, being quite apparent in the living patient. This combina-

tion of resorption and apposition always leads to the more or less

complete destruction of the characteristic architecture of the bones

(Fig. 100 6). In the thickened skull for example the distinction

between the inner and outer tables and the diploe may be entirely
lost.

In cases of ostitis deformans, when the bone is weakened by
excessive resorption it may give way by bending or even by
abrupt angular flexure ; the long bones are especially subject to

this kind of deformation. Thus the humerus or the tibia may be

bent into a curve, or the neck of the femur may be displaced
on the shaft, and be forced into a more horizontal position by the

weight of the body.
When the cancellous tissue becomes excessively weak it may

collapse entirely. This occurs chiefly in the vertebral column

(Fig. JL01 a <?), where particular vertebrae sometimes become

wedge-shaped by the sinking in of the fore-part of their bodies,

and the spine accordingly becomes curved, generally in the

anterior direction (kyphosis).
Certain cases of ostitis deformans are from a histological point

of view comparable with arthritis deformans
;
the main difference

lying merely in the special seats affected by the processes of re-

sorption and apposition (Art. 73). Other cases are more nearly
allied to osteomalacia, particularly those in which bulging or

bending of the bones is associated with pathological formations of

new osseous tissue (Art. 43, Fig. 80).

References on Hypertrophic Ostitix (including Acromegaly and

Pulmonary Osteoarthropathy^.

ARNOLD : Hypertrophic ostitis Ziegler'* Beitrage via 1891
BRAMWELL : Illustrated cases of acromegaly Atlas of din. med. n part 3 Edin-

burgh 1893
DRESCHFELD : Case of acromegaly B. M. J. 1 1894 (with references)
DUCHESNAU : tude anat. et din. de racrome'galie Paris 1892
FRIEDREICH and ERB : Hypertrophic ostitis D. A.f. klin. Med. 1888
HOLSTI : Autopsy of a case Z.f. klin. Med. xx 1892
LEFEBVRE : Pulmonary osteoarthropathy These Paris 1891
MARIE and SOUZA-LEITE : Pulmonary osteoarthropathy Bulletin med. 1889;

Acromegaly Brain xn 1890; Osteoarthropathy and acromegaly Rev. de

med. 1890; Essays on acromegaly (New Syd. Soc.) London 1891 (with
references)

MARINESCO : Case A. de me'd. exp. iv 1891
vox RECKLINGHAUSEN: Pachyacria V. A. 119 189O
THOMSON : Skeleton in acromegaly Journ. of Anat. 1890
THORBURN : Cases of pulmonary osteoarthrophy B. M. J. i 1893 (with refer-

ences and figures)



182 INFLAMMATIONS OF BONE [CHAP. XVII

References on Ostitis Deformans (see also Arts. 47 and 74).

LUNN : Four cases of ostitis deformans Trans. Clin. Soc. xvm London 1885
MOIZARD and BOURGES : A. de me'd. exp. iv 1892
PAGET : Med.-chir. Trans. London 60 1877, 65 1882
vox RECKLINGHAUSEN : Ostitis deformans, osteomalacia, and osteoplastic

carcinosis Virchow's Festschrift (Assistenten) Berlin 1891
RICHARD : Paget's bone-disease These Paris 1887
STILLING: F. 4.1191890
ZIEGLRR : Subcartilaginous changes in arthritis deformans and cysts of bone

V. A. 70 1877
; Metaplasia and resorption of bone V. A. 73 1878
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CHAPTER XVIII

INFECTIVE GRANULOMATA OF BONE

51. Tuberculosis, the most common of chronic bone-diseases,

may start in the marrow, in the periosteum, or in any joint or

synarthrosis.
It occurs most frequently in young persons, although it some-

times makes its first appearance in advanced age. In the majority
of cases the infection comes to the bones by way of the blood ;

Fio. 102. FUNGOUS GRANULATIONS WITH TUBERCLES FROM THE SPONGY TISSUE OP
TIIK CALCANEUM.

(Preparation hardened in Mil tier's fluid and alcohol, decalcified with picric acid, stained
with haematoxylin, and mounted in Canada balsam : X 60)

a fatty marrow
6 blood-vessel
c bony trabeculae
-/ osteoclasts

e granulation-tissue
/ tubercle within the granulation-tissue
V isolated tubercles

but cases are also conceivable in which the bacilli may enter

through the lymphatics of the bone, or pass into it from con-

tiguous foci of tuberculous disease.

The tuberculous process begins by the formation at one spot
of grey or greyish-red granulations, or at times perhaps by the
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simultaneous production of a number of such eruptions. The
granulomatous foci are characterised anatomically by the presence
in them of grey and yellow tubercles (Fig. 102 f). If the primary
seat of the tuberculous process is in the interior of a bone, such as

a vertebra or a tarsal bone, or in the diaphysis or epiphysis of one
of the long bones, and if it lies deeply and remote from the

articular ends, the changes it occasions may go on for a time
without involving periosteum or joint.

Lacunar resorption of the bone always occurs at the seat of the

tuberculous granulations (Fig. 102 <), while these sooner or later

undergo caseous degeneration in the central portion of the affected

spot. If the trabeculae are not already destroyed, they become
necrotic within the zone of caseation.

A tuberculous focus once started increases by peripheral exten-

sion, and by the appearance of new foci in the immediately adjoin-

ing tissue. The more rapidly this proceeds, the sooner do large
caseous nodes develope, which contain a considerable number of

necrotic trabeculae. If on the other hand the process advances
but slowly, the osseous trabeculae within the granulomatous
region may be entirely absorbed.

When the process has reached a certain point, rounded or

oblong caseous nodes are seen in the substance of the bone, each

surrounded by a grey or greyish-red marginal zone of granulation-
tissue. The nodes are of various sizes, from that of a pea to that

of a hazel-nut, and contain carious or necrotic trabeculae, or larger,

usually oblong and splinter-like, fragments of dead bone, which are

permeated by caseous granulation-tissue, and are marked off from
their surroundings by a zone of greyish tuberculous granulations
In still later stages the foci of the first kind are often softened and

liquefied, and the enclosed osseous trabeculae for the most part de-

stroyed. Thus a cavity or cavernous excavation is formed (Fig.
103 A, Fig. 104 a, and Fig. 105 a), which is surrounded by granu-
lations and contains caseous pus and osseous detritus. In the case

of the larger foci the necrotic fragment of bone becomes a more or

less completely loosened sequestrum (Fig. 103 /), immersed in

caseous and purulent matter, and lying in a cavity or cloaca which
is closed in by granulation-tissue (e).

Such foci are usually developed singly or at any rate only in

small numbers. It is but rarely that any considerable number of

them form in rapid succession or simultaneously. When this does
occur in the long bones, the tuberculous foci may extend over the

greater portion of the medullary cavity. In this case the parts
affected by the specific inflammation very rapidly undergo caseous

degeneration, so that no true granulomatous deposits are produced.
The size of the tuberculous foci in particular cases and the

course the disease takes depend upon conditions for which our

present knowledge is insufficient to account. The smallest foci

are doubtless capable of repair, the necrotic masses being then
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liquefied, re-absorbed, and replaced by new connective tissue or by
marrow and bony tissue. Larger foci make perceptible pauses in

their progress, and their cavernous excavations (Fig. 103 h~) are

walled off from the rest of the marrow by a mass composed of

dense Connective tissue (<f) and granulation-tissue containing
trabeculae ().

When a bone contains a tuberculous focus the surrounding

FIG. 103. CENTRAL TUBERCULOSIS OF BONE IN AN ADVANCED STAGE.

(Transverse section through the lower part of the diaphysis of the tibia: preparation
hardened in alcohol, decalcified with picric acid, stained with haematoxylin and car-

mine, and mounted in Canada balsam : X 4)

o periosteum
b rarefied cortical layer
c periosteal osseous deposit
d fibrous tissue on the inner surface of

the cortical layer
e tuberculous granulation-tissue

/ sequestrum permeated by granulation-
tissue, with scanty trabeculae

g connecting process between the margi-
nal granulations and the sequestrum

h cavity formerly filled with pus and
caseous matter

portions of it are never entirely free from proliferous changes.

Large foci of long standing sometimes extend over considerable

areas of the bone, and induce wide-spread resorption and appo-

sition, of bony tissue. Should progressive resorption take place
in the interior, while new bone is being formed by the periosteum,
a condition is produced which lias been already described in Art.

46 (Fig. 49). This condition was formerly termed spina ventosa,
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and in it the entire bone increases in girth, while the medullary
cavity simultaneously widens. If the internal resorption is but

slight (Fig. 104 a), and is accompanied by external apposition,
the bone thickens and increases in size by the formation of numer-
ous lamellae (i) which are bound together by transverse bars.

The former condition is usually met with in the smaller of the

long bones, the latter in the larger bones, as in these the tubercu-
lous process is generally confined to a circumscribed region.

In the larger bones osteoplastic processes are generally set up
also in the marrow near the tuberculous foci, and in certain cases

these produce condensation and sclerosis of the affected bony
tissue (Fig. 105 c).

The periosteum may be infected primarily, or by extension
from the bone, or from a neighbouring joint or synarthrosis. The
course of the tuberculous periostitis thus induced varies accord-

ing as the process remains merely local or extends over large

FIG. 104. PERIOSTEAL DEPOSITION OF BONE ix CHRONIC MYELOGENOUS TUBERCULOSIS.

(From the lower end of the right humerus of a child : natural size)

a tuberculous cavity b lamellar and cancellous deposits

areas of the bone-surface. In the first case more or less sharply
defined granulomatous foci containing tubercles are formed, and
in the neighbourhood of these the bone undergoes resorption.
The result is known as peripheral caries (Fig. 106 d e). If the

periostitis is consecutive to primary disease of the bone or joint, in

addition to the peripheral caries there are corresponding changes
in the interior of the bone, and the periosteal disease is often con-

tinuous with the deeper tuberculous focus.

Sooner or later the periosteal tuberculous areas, if they do not

recover, become caseous and then soften. In this way, as in the

marrow, are formed caseous nodes surrounded by a zone of gran-
ulations and indurated connective tissue, or large sacculated cold
abscesses (Fig. 106 /) bounded by a pyogenic membrane of

connective tissue and granulation-tissue containing tubercles.

The contents of these abscesses undergo steady increase by the

secretion of pus from this membrane, and by the loosening and

separation of caseous masses from their walls.

From its original site the abscess may extend into contiguous
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parts, and so form secondary or consecutive abscesses. In other
cases it ruptures early either outwards to the surface of the body
or into some internal part, and so

forms I i >n i Inns tracks or sinuses,
about which the tissues become indu-
rated and covered with tuberculous

granulations. Sometimes these granu-
lations grow so luxuriantly that they
rise like a mushroom over the external
orifice of the sinus. While the caries

accompanying the tuberculous perios-
titis is gradually extending, prolif-
eration of the periosteum takes place
in the adjoining parts, and often leads

to the formation of a considerable
amoiuit of new bone. Cases however
occur'in which regenerative prolifera-
tion is very slight, or all but entirely
absent. This is especially apt to hap-
pen in the case of the cranial bones.

In some instances atrophic resorp-
tion of the bone follows rapidly on the
infection of the periosteum, and may
be very extensive. The resorption
may be followed in its turn by the

formation of new bone from the peri-
osteum.

The loss of substance in the cor-

tical stratum of the larger long bones,
the femur for instance, may go so far

that the bone is reduced to the thick-
ness of paper (Fig. 107 a),
and is composed of only a single

layer of Haversian lamellae.

Should new bone be again pro-
duced, the surface becomes
studded with osteophytes (6),
and these ultimately form a

continuous layer of highly-
vascular cancellous bone (e)
which is covered over exter-

nally by the fibrous layer of

the periosteum (<?).
Tubercles may appear in the

osseous system in general mili-

;ir\ tuberculosis ; but nothing
very definite is known as to their

frequency and extension.

FlO. 105. OSTEOSCLEROSIS OF THE FEMUR
RESULTING FROM CHRONIC TUBERCULOSIS.

(Longitudinal section of the lower half of the

femur: six-sevenths of the natural size)

a tuberculous abscess
b spongy bone
c sclerotic bone

(I exostosis
e articular cartilage-

with an erosion at/
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The changes occasioned by tuberculosis in the bones and joints are treated

of in text-books of surgery and morbid anatomy under various names. Among
them may be mentioned the following malacic or fungous caries (caries mollis

or fungosa), scrofulous caries, tuberculous caries, bone-necrosis, bone-abscess,

fungous arthritis, synomtis hyperplastica granulosa, fungus articuli, scrofulous

arthritis, articular caries, arthrocace, white swelling (tumor albus), caries sicca,

cold articular abscess, etc.

Fio. 106. TUBERCULOSIS OF THE SPINAL COLUMN.

(One-half the natural size)

e superficial erosions in several vertebrala vertebral column
b aorta c ribs

d vertebral body almost entirely de-

stroyed by caries

bodies
abscess-wall

References on Tuberculosis of Bone.

CHEYNE, W. : B. M. J. n 189O ; Tuberculous disease London 1895
FRIEDLANDER : Volkmanrfs kiin. Vortrdge 64 1873
KIENER and POULET : Tuberculous osteoperiostitis A. de physiol. 1 1883
KONIG : Die Tuberculose der Knochen u. Gelenke Berlin 1884
KRAUSE : Die Tuberculose der Knochen u. Gelenke Leipzig 1891
LANNELONGUE : Tuberculose vertc'brale Paris 1888
MEINEL : Die Knochentuberkeln Erlangen 1842
MOGLING : Surgical tuberculosis Miltheil. chir. Klinik Tubingen 1884
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VOLKMANN : A.f.klin. Chir. iv, Pitha and Billroth's Handb. <ler Chirurgie n

Erlangen 1872, and Volkmann's klin. Vortriige 108-10U 1879

FIG. 107. FORMATION OF OSTE >PHYTKS UPON THE ATROPHIED CORTICAL LAYER OF
THE FKMUR IN CHRONIC TUBERCULOUS ARTHRITIS.

(Transverse section through the diaphyxis of the femur of a child aged four : prepara-
tion hardened in Mailer's fluid, decalcified with picric acid, stained with haema-
toxylin and carmine, and mounted in Canada balsam : X 60)

a atrophied cortical layer 6 osteophytes
c medullary spaces with numerous blood-vessels between the osteophytes
d periosteum e layer of osteoblasts / groups of cells in the outer layer
g tubercles in the inner layer of the periosteum

52. Tuberculosis of the larger long bones most usually
developes in their cancellous ends (Fig. 104), the shafts being
less frequently diseased (Figs. 103 and 105). When the tuber-
culous disease affects the periosteum, it is also as a rule most
marked in or about the articular extremities. In the smaller

long bones the whole of the marrow and periosteum are often
diseased (jtp'ma ventosa'), and in the short spongy bones the osteo-

myelitic process very commonly involves the adjacent periosteum.
Thus the foci of the osteomyelitis and periostitis are generally
fouyd to extend to the neighbouring joints, and there produce a
tuberculous arthritis (Art. 76). This is brought about by the
direct extension of sub-cartilaginous nodes in the bone, or of peri-

foci near the joint-capsule, through the intervening tissues



190 INFECTIVE GRANULOMATA OF JJOXE [CHAP. XVIII

into the joint ;
or indirectly by the transport of tubercle-bacilli

from these foci into the joint by way of the lymphatics.
In tuberculosis of the carpus and of the tarsus several bones

and joints are usually involved simultaneously. Entire bones

may be destroyed by caries and necrosis, so that in their place

nothing but masses of granulomatous tissue are found, which
enclose only small carious sequestra. In a similar manner entire

phalanges of the fingers or of the toes are destroyed.

FIG. 108. ANGULAR FLEXURE OF THE VERTEBRAL COLUMN FROM THE DESTRUCTION
OF THE FIRST LUMBAR VERTEBRA.

(Two-thirds of the natural size)

a lumbar vertebrae
b thoracic vertebrae
c second lumbar vertebra
d osseous lamellae partly formed by

the remains of the arches and pro-
cesses of the first lumbar vertebra

and partly due to new bone-forma-
tion

e twelfth thoracic vertebra

/ deformed arches of the eleventh
and twelfth thoracic vertebrae

In the vertebral column the process is occasionally limited to

one or more parts of a single vertebra, thus producing merely
superficial caries or deep but circumscribed excavations. Fre-

quently, however, it leads to greater destruction of the bodies and
arches of the vertebrae (Figs. 108 and 109), and of the inter-

vertebral discs (Fig. 108) ; in certain cases, the entire body or

arch of one or more vertebrae may be destroyed (Fig. 109).
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When the spinal column is thus weakened and unable to support
the weight of the upper part of the body, it is apt to collapse at

the damaged place and to bend forward at an angle (Potfs
disease).

If the remains of the carious bodies of the vertebrae project

backwards, or are forcibly displaced in any direction, the spinal
cord may be compressed and degenerative processes set up within

it. In tuberculous caries of the bodies of the vertebrae, ab-
scesses (Fig. 106 /) form by accumulation of purulent matter in

Fio. 109. ANOULAR FLEXURE OF THE SPINE WITH BONY ANKYLOSIS OF THE BODIES
n\ THE VII-XII THORACIC VERTKBRAE AFTER PARTIAL DESTRUCTION BY TUBER-
CULOUS DI8KASK.

(/{educed to thrte-jflftht of the natural size)

thinl thoracic vertebra
fourth lumbar vertebra

c bony mass formed by the fusion of the
bodies of the vn-xu thoracic vertebrae
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front of the spinal column, and these are apt to burrow and extend
downward. In disease of the lower portion of the vertebral col-

umn abscesses thus formed often burrow along the ilio-psoas
muscle to the crest of the pubic bone, and finally point below

Poupart's ligament.
Tuberculosis of the pelvic bones leads to more wide-spread

caries, with the formation of ' cold
'

abscesses. The symphysis
pubis and the sacro-iliac synchondrosis may thus be destroyed.

In tuberculosis of the flat cranial bones, caseous masses are

formed in the bone-marrow as well as beneath the periosteum :

these cause necrosis of the bone and give to it a yellowish-white

appearance, while the periosteum itself is stripped off by the ac-

cumulation beneath it of caseous pus, and is at the same time
studded with caseous nodules.

Tuberculous caries of the atlas, the axis, and the base of the

skull, sometimes causes loosening of the connexions between
the spinal column and the skull, with consequent dislocation of the

latter, and compression of the medulla oblongata by the odontoid

process.
Isolated tuberculous foci in the bones are capable of repair.

Any loss of substance that may have taken place is then filled up
by connective tissue, and ultimately by osseous tissue. If a cur-

vature of the spine has not been rectified by proper appliances,
the column will become fixed in the position it has taken up by
the formation of new osseous and connective tissue : the remnants
of a number of vertebrae may in these circumstances coalesce to

form a single bone (Fig. 109 e), in which the boundaries of the

original segments are no longer discernible. The carious tissues

on the articular ends of contiguous bones often become firmly
united, across the joint by connective tissue and osseous trabeculae

(fibrous and bony ankylosis). If the joint still contains frag-
ments of cartilage, these are apt to be transformed into fibro-

cartilage and connective tissue.

Very frequently however the repair is only partial. While
the greater part of the diseased region may be rilled up by tissue

free from tubercles, yet some remain here and there, and from
these residual deposits the morbid process often starts anew.

53. Syphilitic disease of the bones makes its appearance
only in the later stages of syphilis, and results either in caries and
necrosis or in the formation of new osseous tissue.

The gumma is the formation characteristic of syphilis in bone.

This is a local inflammatory product, which is usually met with
in the periosteum, and less frequently in the marrow.

Recent periosteal gummata take the form of flattened swellings
of elastic consistence, and on section exhibit a gelatinous texture.

In later stages the gummatous tissue becomes either somewhat
whiter and like inspissated pus, or of a firmer consistence, resem-

bling rather ordinary granulation-tissue interspersed with patches
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of fibroid cicatricial tissue. In the latter case the gumma fre-

quently encloses denser and drier white caseous masses, due to

fatty degeneration and necrosis of part of the inflammatory tissue.

FlO. 110. QUMMATOUS SYPHILITIC CARIES OF THE PARIETAL BONE.

(From a child eight weeks old suffering from congenital syphilis : preparation hardened
irrjfii tier's fluid and alcohol, decalcified with picric acid, stained with haematoxylin
and carmine, and mounted in Canada balsam : X 6'5)

a external periosteum
6 external table
c spongy intervening layer
d internal periosteal layer

e dura mater
/ syphilitic focus or gumma
// carious bony trabeculae

FIG. 111. SYPHILITIC CARIES AND NECROSIS OF THE CALVARIUM.

(Reduced one-half)

a carious 'excavation b large fragments of necrotic bone
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When the process has continued for a long time, nothing may
remain but a callous scar-like thickening enclosing no remnants
of granulation-tissue or of caseous matter.

At the point where the gumma is formed (Fig. 110 /), resorp-
tion of osseous tissue (^r) always takes

place. The resorption is most active in

the case of those nodes that are distin-

guished by an abundance of round-cells

and by their pus-like appearance. Such
foci are most frequently found in the ex-

ternal periosteum of the cranial bones (Fig.
110 a and Fig. Ill) : they may however
make their appearance in any of the bones
of the skeleton, and also in the internal

periosteum or dura mater of the skull.

When situated in the external periosteum,
the outer table of the skull is first rendered
carious (Fig. 110 b and Fig. Ill a); but

usually the specific inflammation soon at-

tacks the diploe, and may ultimately extend
to the surface of the dura mater.

Isolated foci may be small and incon-

siderable, and these of course give rise only
to slight loss of substance. With increase

in the size of the focus the erosion of the

bone also increases ; and when numerous
foci are formed the vault of the skull be-

comes riddled with irregularly-formed pits
and holes of various sizes. If the inflam-

matory process extends deeply, and the

dura mater becomes involved, the circula-

tion in the portions of bone lying between
the excavations is more and more inter-

fered with, and thus the syphilitic caries

may become associated with more or less

extensive necrosis (Fig. Ill 6). Cases

occur in which this combination of caries

and necrosis causes destruction of the larger

portion of the cranial vault.

In a similar manner erosions and exca-

vations of various sizes are produced in

other bones.

Osteomyelitic gummata occur somewhat

frequently in the phalanges and in the

diploe of the skull, while they are seldom
seen in the larger long bones : yet in the

latter situation they are occasionally met with in great numbers.

They form foci that are gelatinous, nbro-gelatinous, dirty-yellow

FIG. 112. SYPHILITIC HY-
PEROSTOSES OF THE
LEFT FEMUR.

(Reduced to two-fifths of
the natural size)
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and purifonn, or caseous (CniARi). The osseous tissue enclosed

within these foci is carious and necrotic, while the bone about

tlu'in is the sent of more or less marked hyperostosis.
In the course of gummatous periostitis numbers of osteo-

phytes 'are often formed in the vicinity of the gummatous foci,

which, particularly in the long bones, attain at times a con-

siderable size. Should recovery take place, the gaps in the

periosteum are made good by scar-tissue or by newly-formed
bone. Parts that have undergone necrosis keep up a state of

inflammation until they are resorbed, or until a sequestrum is

formed and exfoliated; and at the same time give rise to exten-

sive production of new bone in the adjacent parts.
The new-formation of bone, which in these instances is

obviously due to the local inflammation, takes place in other cases

of syphilis as an independent process, and leads to more or less

marked thickening of the bone, or hyperostosis, dependent on
the osfceogenic activity of the periosteum. Such hyperostoses

usually occur on the long bones (Fig. 112), but are also met with

on other bones, and at times are spread over the entire skeleton.

As the result of simultaneous endosteal bone-formation, the older

bone may be rendered sclerotic and correspondingly increased in

density: in other cases it undergoes osteoporosis and so becomes
rarefied and porous.

In cases of leprosy (SAWTSCHENKO), granulomatous foci con-

taining bacilli may be formed in the bone-marrow.

Actinoinycotic inflammation, as soon as it reaches the peri-

osteum, leads to peripheral caries and occasionally to necrosis.

Most frequently it is the maxillae, the spine, and the bones of the

thorax that are attacked, and sometimes very extensive destruc-

tion of the bones is thus brought about.

In glanders caseous nodes and patches of suppuration have
been observed in the periosteum and synovia! membranes.

References on Syphilis and Leprosy of the Bones (on Congenital
Syphilis see also Art. 58).

BOWLBY: Syphilis St. Barth. Hosp. Reports xxvi London 1890
CHIARI : Syphilis Vierteljahrexxchr.f. Derm. u. Syph. 1882
HAAB : Syphilis V. A . 65 1875
JASINSKI : Syphilitic diseases of the vertebral column A . f. Derm, xxiu 1891
LANCKRKAUX : Traite hist, et prat, de la syphilis Paris 1874
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CHAPTER XIX

DISORDERS OF OSSEOUS DEVELOPMENT AND GROWTH

54. The bones composing the skeleton originate either from
connective tissue that is but slightly differentiated, or from a pro-
visional cartilaginous substratum. Examples of the first mode
of origin are seen in the flat bones of the skull: these are called

membrane-bones, because they are due to ossification partly of

the integument and partly of the wall of the cephalo-enteric

cavity or head-gut (GEGENBAUR). Examples of bones originat-

ing in cartilage are seen in the remaining parts of the skeleton:

these bones constitute the internal skeleton, in contradistinction

to the external or integumentary skeleton.

Ossification in the membranous substratum of the integumentary bones
takes place in general by the development of trabeculae containing lime-salts,

together with bone-corpuscles and bone-cells, in the germinal or embryonic
tissue, which is composed of cells with a more or less abundant homogeneous or

fibrillar matrix. These trabeculae are at a later stage thickened by the apposi-
tion of new germinal tissue. When an osseous plate is thus formed, it increases

in thickness by the formation of new bone from the adjacent superficial layer
of connective tissue, which layer is thenceforward called the periosteum.

Ossification begins in exactly the same manner in the parts of the skeleton

that are pre-formed in cartilage. Trabeculae are developed in certain definite

places in the tissue surrounding the cartilage, or perichondrium. This mode
of bone-formation corresponds to that observed in the periosteum of the flat

or membrane-bones; it continues throughout life, and is termed periostea!
ossification. There is another mode allied to this, called endochondral
ossification, in which the marrow-tissue of the osseous strata surrounding the

cartilaginous substratum penetrates the cartilage while it is in process of inter-

nal calcification. Wherever the marrow penetrates, the cartilage all but com-

pletely disappears, and medullary spaces are thus produced. This is the first

stage of endochondral ossification : throughout its subsequent course it is char-

acterised by certain peculiar features.

In the neighbourhood of the spot where a medullary space encroaches on
the cartilage, proliferation commences in that tissue (Fig. 113

ft)
and results in

the formation of small groups of cells in the place of the isolated cartilage-cells.
As these groups increase in number and in the size of their component cells,

they tend to arrange themselves in linear order (c d). The alignment always
takes place in a direction parallel to one of the long axes of the bone, and as it

is uniform throughout the entire thickness of the cartilaginous matrix, there is

developed from the proliferous zone (b) a zone of parallel columns of carti-

lage-cells (c), the largest cells being in juxtaposition to the bone already formed.

This region of large cartilage-cells is distinguished as the hypertrophic
zone (d). .
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In this way the cartilage extends in the direction of the long axis of the

bone, hut the increase in length of the pre-formed cartilaginous substratum as

a whole is dependent on its own continued longitudinal growth. This growth

is most marked in bones destined to become elongated in shape : it is less per-

FIG. 113. NORMAL ENDOCHONDRAL OSSIFICATION.

(Lonqitwlinal section from the upper end of the femoral diaphysis of a neic-born child :

preparation hardened in Mutter's fluid, decalcified with picric acid, stainul with

haematoxylin and carmine, and mounted in Canada balsam : X 55)

hyaline cartilage /
'zone of commencing proliferation of g

the cartilage
columns of cartilage-cells
columns of bypertropfeio CI-IK

zone of provisional calcification

zone of primary medullary spaces
/one of primary ossification

fully-developed cancellous bone
blood-vessels
osteoblastic layer
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ceptible in bones whose ultimate length is inconsiderable compared with their

breadth.
When the columns of cells have attained a certain size, calcification sets in

within the matrix and in the capsules of the cartilage-cells (e), and is initiated

by the deposition therein of fine calcareous granules.
The further growth of the cartilage is thereupon stopped. The zone of

calcined cartilage (e) never reaches any considerable size, but forms simply a
narrow whitish stratum or seam.

After persisting for a short time the zone of calcined cartilage disappears :

the contiguous highly-vascular marrow (f) invades the cartilage, dissolves

its calcined matrix, leaving only a few scattered remnants, and extends into

the dehiscent capsules of the cartilage-cells. Only a few slender and jagged
trabecular fragments of the matrix remain, and these as a rule contain no

cartilag&cells. The cartilage-cells lose their identity in the marrow : it is still

uncertain whether they are disintegrated or persist and become changed into

marrow-cells, though the latter is the more probable supposition.
The zone of primary medullary spaces (/) at first contains only the tra-

becular fragments of the cartilaginous matrix
; and these, with few exceptions,

are changed by a peculiar metaplasia into bony tissue, the process beginning at

the periphery (IvAssowixz). Some of these bony trabeculae are dissolved,
and the primary medullary spaces, whose width corresponds to that of from
one to three columns of cartilage-cells, accordingly coalesce to form medullary
cavities of larger calibre. The remaining trabeculae undergo ossification in the

ordinary way () by the development of osteoblasts from the cellular medullary
tissue. These attach themselves to the persistent cartilaginous trabeculae, and

ultimately transform them into bone.
In this manner, then, the cartilage is replaced by bony tissue, its chief

function in relation to the bone being to determine its form and the extent of

its longitudinal growth. In some degree, also, the internal structure of the
new bone is determined by the cartilage, since the persistent trabeculae of the

cartilaginous matrix serve as the foundations of the osseous trabeculae.

Eudochondral ossification proceeds in both a proximal and a distal direction,
and produces the axially-directed diaphysis or shaft of the bone, while the

cartilaginous end-pieces are named the epiphyses. Toward the end of foetal

life blood-vessels penetrate the lower epiphysial cartilage of the femur from
the perichondrium, and form a close network in the centre. After antecedent
calcification of the cartilage, a new centre of ossification forms in this network,
and from this centre the epiphysis ossifies along radiating lines. In the other

long bones the epiphysial centres of ossification appear later. Inasmuch as

ossification is in this case also preceded by proliferation of the cartilage, the
bone produced in the epiphysis developes in all directions from the centre.
When the ossification extends to the perichondrium the longitudinal growth
of the bony epiphysis is but slight, and stops entirely on the side toward the

diaphysis.
The layer of cartilage lying next to the joint persists as the articular

cartilage. The portion of the epiphysial cartilage next the diaphysis remains
to the end of the growing

^
stage, namely from the twentieth to "the twenty-

seventh year. After the epiphysis is ossified, columns of cartilage-cells are pro-
duced only on the side that is next the diaphysis. When the ossification of this

side of the epiphysis is complete, the shaft ceases to grow in length, and
becomes united to the epiphysis by continuous bony tissue.

55. If for any reason the cartilaginous substratum of any part
of the internal or of the integumentary skeleton does, not attain

its proper development, or if a part already formed in cartilage
is destroyed in utero by morbid processes such as ischaemia or

inflammation, the corresponding bone or part of a bone is not
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produced, with the result that the skeleton is defective. Such
defects are described as results of local agenesis. Most fre-

quently it is a portion of the skull (Fig. 114), or of the vertebral
air lies, that remains undeveloped : in the bones of the extremities
and in Hie bodies of the vertebrae such defects are somewhat less

olt en met with. Both conditions are usually accompanied by
defects in the related soft parts ; yet imperfections in the bones
of the extremities and of the trunk, due to simple cartilaginous
hypoplasia, may occur without any corresponding malformation of

the soft parts. Partial defects of individual bones, such as are
found chiefly in the cranium (Fig. 114) and in the limbs, are due
to some arrest of development at a stage when the main part of

the bone has been already formed, and is in process of active

growth. Defects at the distal ends of the tibia, of the fibula, and
of the radius occur in association with malformations of the feet

and hands.

Fio. 114. PARTIAL AGENESIS OF THE BONES OF THE CRANIAL VAULT IN ANEN-
CEVHALIA.

(Reduced to two-thirds of the natural size)

a d frontal bone b parietal bone c squamous portion of occipital bone

56. It sometimes happens that while the cartilaginous sub-

stratum of each individual part of the skeleton is normally devel-

oped as regards form, its growth in size is in some way checked
or retarded. In the long bones this gives rise to deficiency of

length or of girth, in the flat bones to insufficient area or thick-

ness. In certain cases the arrest of development shows itself in

an abnormal slenderness of the individual bony trabeculae.

Arrest or impairment of the development of the bones may
take place in utero, and lead to malformations of the skeleton of

the new-born child (Fig. 115). In other cases the arrest does
not begin till after birth, and then gives rise only to subsequent
stuntfhg or dwarfing of the skeleton or of some parts of it.

If the interference with development extends uniformly over
the entire skeleton, the result is a condition of general dwarfish
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under-growth (Fig. 116), described as microsomia or nanoso-
mia. In this case the separate parts of the skeleton retain their

normal proportional relations, or at least present but slight varia-

tions from the normal.

When the arrest is limited to particular regions of the skeleton,
the growth of these alone is affected, and the proportional rela-

tions of the several parts are accordingly more or less disturbed

(Figs. 116 and 117).
When it is chiefly the longitudinal growth of the extremities

that is affected, the result is micromelia (Figs. 115 and 117).

Deficiency of superficial extent
in the cranial bones produces mi-

crocephalia or nanocephalia
(Fig. 118). Shortening of the

base of the skull causes the bridge
of the nose to appear sunken, or

the nose as a whole to be retracted

and flattened. Imperfect develop-
ment of the alae of the sacrum
causes transverse contraction of

the pelvis (Fig. 122).
When any region of the skel-

eton is ill-developed, there is usu-

ally some corresponding deficiency
in the related soft parts; but it

not infrequently happens that the

latter grow too large in propor-
tion to the corresponding bones,

and being thus thrown into folds

and bulgings appear themselves

to be deformed.
The cause of arrest of devel-

opment in the skeleton, whether

general or local, undoubtedly lies

in some instances in the consti-

tution of the embryo itself, and
either depends on inheritance or

is the manifestation of a spon-
In other cases the anomaly of

development is due to some acquired lesion, referable to intra-

uterine or extra-uterine injury. In many cases the cause of the

defective development of the skeleton may be traced to imper-
fection in the functional activity of the thyroid gland, a condi-

tion met with chiefly in connexion with cretinism. Cretinism
sometimes appears sporadically, at other times assumes an
endemic form, apparently under the influence of some as yet
undetected miasmatic virus ; and it may also result from removal
of the thyroid gland by surgical operation. As regards the other

FIG. 115. NEW-BORN MICROMELIC IN-

FANT, WITH CRETINOID EXPRESSION
OF FACE.

(Reduced to one-fourth of the natural
size)

taneous variation or 'sport.'
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causes, of an acquired nature, which result in defective develop-
ment of the bones, we are still in ignorance.

From a histological point of view, arrested longitudinal growth

Fio. 116. SKELETON OF A FEMALE CRETINOID DWARF.

(Aged 31 : height 118 centimetres : skull clinocephalic)
The epiphysial cartilages of the long bones and pelvic bones persist, as also the

frontal suture. The several parts of the skeleton are fairly proportionate, except that
the upper extremities are relatively short.

Fio. 117. SKELETON OF A FEMALE DWARF.

(Aged 58 : height 117 centimetres)
The bones of the limbs are very short, the trunk is relatively long. The epiphysial

cartilages have not persisted, and the articular ends of the bones are thickened.
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in the cartilage-bones, and defective lateral growth in the mem-
brane-bones, are due either to failure of bone-formation at the
zone of ossification in the diaphysis, or to premature synostosis at

the margins of bones that normally continue for a time united

only by sutures of cartilage or connective tissue. Deficient

thickness or girth arises from scanty periosteal deposition on the
exterior : slenderness of the cancellous trabeculae is the result of

imperfect myelogenous apposition of osseous tissue on the primary
trabeculae developed in the cartilage or from the periosteum, or

in other words of imperfect osteogenesis.
In bones formed from cartilage failure to increase in length is

in many cases due solely to defective proliferation of the cartilage
at the zone of ossification : instead of the normal array of col-

FIG. 118. HEAD OF A MICROCEPHALIC CHILD (HELEN BECKER).

(Agedfive years : after a photograph taken by A. ECKER in 1868)

umns containing numerous cartilage-cells, the columns are few
and the cells scanty, or the columns are entirely absent (compare
Fig. 119 b c with Fig. 113 b c d e).

In cases of well-marked arrest of growth the columns of car-

tilage-cells (5), even in the larger long bones, fail to attain any
considerable height ; they sometimes, indeed, are shorter than in

normally-developing digital phalanges. This condition has been
termed chondrodystrophia hypoplastica (KAUFMANN) or achondro-

plasia (PARROT).
In these cases the process of ossification following upon the

dissolution of the cartilage does not differ from the normal pro-
cess (/), and the formation of bone from the periosteum takes

place in the usual way. The disposition and arrangement of the
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persistent remnants of calcified cartilage are, however, abnormal ;

ami accordingly the architectural structure of the cancellous or

spongy bone (compare Fig. 119 e with Fig. 113 A) produced by
the endochondral ossification is altered, while at the same time
the "entire bone is abnormally thick in proportion to its length.

Should endochondral ossification be checked during the course
of development, the growth of the bone in its long axis will

cease. If at this stage the epiphysial cartilages that are destined

to disappear with adolescence are still persistent, they may remain

permanently. It thus happens that some dwarfs, after the twen-

.;

,."-;-

'

a -

Fio. 119. ENDOCHONDRAL OSSIFICATION IN A NEW-BORN CHILD WITH ABNORMALLY
SHORT LIMBS.

(Longitudinal section through the upper zone of ossification in the diaphysis of the

femur : preparation hardened in alcohol, decalcified with picric acid, stained u-ith

haematoxylin and carmine, and mounted in Canada balsam : X 55)

a hyaline cartilage
b zone of proliferous cartilage
c zone of cartilage undergoing calcification

d zone of primary medullary spaces
e cancellous bone
/ osteoblastic layer

tieth year has been passed (Fig. 116), not only have cartilaginous

epiphysial junctions at the ends of the long bones (Fig. 120), but
even between the several bones of the pelvis and the different

segments of the sternum. Furthermore, sutures such as the

frontal, which usually disappear at an early age, may remain un-
united throughout life (Fig. 116).

In addition to such simple failure of longitudinal development
of tlje bones, from inadequate proliferation of the cartilage-cells,
as is observed in micromelic infants and in the subjects of thyroid
cachexia (including cretins), certain peculiar perversions of endo-
chondral ossification are met with, which have had their origin in
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intra-uterine disease. These are characterised macroscopically
by the shortness of the diaphyses (Fig. 121 a) and by a more or
less marked thickening of their ends (Fig. 121 ). Microscopi-
cally they exhibit irregularities in the proliferation and calcifica-

tion of the cartilage, with corresponding anomalies of ossification.

The cartilage indeed proliferates, but no cellular columns are

formed; and it may thereafter either soften or become calcified

and ossified in an irregular man-
ner, the condition being termed

chondrodystrophia malacica

(KATTFMANN ) or micromelia
chondromalacica. In other

cases increased proliferation of l\

FIG. 120. BONES OF THE MIDDLE FINGER OF THE RIGHT HAND OF THE CRETINOID
DWARF OF FIG. 116.

(The epiphysial line remains cartilaginous : natural size)

FlG. 121. MlCROMELIC PSEUDO-RACHITIS (FOETAL RICKETS) OF THE UPPER LIMB.

(An example of Chondrodystrophia hypertrophica : reduced to four-fifths

of the natural size)

a diaphysis b epiphysis of the bones of the fore-arm c scapula

the cartilage in all directions occasionally sets in, producing exces-

sive thickening of the ends of the diaphyses. This may be com-
bined with extreme irregularity of ossification, and is now and then

accompanied by an ingrowing of the periosteum between the

cartilage and the bone, which of cour'se involves the entire cessa-

tion of longitudinal growth. Inasmuch as the abnormal pro-
liferation of the cartilage is in these cases the most striking
feature of the process, the condition might be suitably described

as chondrodystrophia hyperplastica.
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Premature synostosis takes place both in situations that

normally are not subject to ossification, and in parts that are

ossilied only in advanced life, or at least at some later period of

growth.
Among the synchondroses liable to premature ossification we

may take for examples the cartilaginous junction between the

anterior and posterior portions of the body of the sphenoid, and
between the body of the sphenoid and the basilar portion of the

occipital bone. The former of these begins to ossify at birth;

the latter between the twelfth and thirteenth years. Premature

Fio. 122. AGENESIS OF THE WINGS OK THE SACRUM WITH SACRO-ILIAC SYNOSTOSIS.

(Pelvis ankylosed and transversely contracted; sacrum sunk deeply into the pelvis:
somewhat less than half the natural size)

synostosis of these bones, like deficient proliferation of the carti-

lages, results in shortening of the base of the skull (ViRCHOW),
and so gives rise to depression of the bridge of the nose.

In the sacro-iliac synchondrosis deficiency of distal growth
in tjie lateral portions of the sacrum, and premature synostosis
with* the ilium (Fig. 122), result in imperfect lateral expansion of

the pelvis. By bilateral synostosis a symmetrical transverse con-

traction (Fig. 122), and by unilateral synostosis an unsymmetri-
cal or oblique transverse contraction of the pelvis is produced.
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Under certain conditions, imperfect development of the sacrum
itself also produces transverse contraction of the pelvis (Lrrz-
MANN).

The sutures between the flat cranial bones are the best exam-

ples of the syndesmoses, and they usually persist until adult age.
Since expansive growth in superficial extent occurs along the lines

of the sutures, through apposition of bone at their margins, pre-
mature ossification produces arrest of the growth of the skull as a

whole, and the result is cranio-stenosis.
In premature synostosis of all the sutures, the cranium remains

small in all its dimensions, producing microcephalia. Premature
ossification of the coronary and lambdoid sutures checks longitudi-
nal expansion, that of the sagittal, spheno-parietal, parieto-tempo-
ral, and frontal sutures, prevents lateral development of the skull.

If the cerebrum increases notably in bulk after partial synostosis
has begun, compensatory overgrowth takes place in the sutures
still unossified, and room for the growing brain is thus provided.
Such local deficiency and compensatory overgrowth cause the form
of the cranium to deviate more or less from that characteristic of

the race to which the affected person belongs, and not infrequently
a skull is thus produced which differs from every normal type.

Inadequate endochondral growth in linear dimensions is in

some cases, but by no means always, combined with premature
synostosis of the synchondroses and syndesmoses. The former
condition may be present though there is no premature synostosis;
and the latter, especially in the cranium, may appear unaccom-

panied by any disturbance of normal endochondral growth.

Intra-uterine arrest of the longitudinal development of the bones is generally
described by writers under the name of micromelic foetal rickets, and a

very large number of cases have been recorded. The term rickets or rachitis

is, however, inappropriate, for the abnormal processes at the zone of endo-
chondral ossification are not analogous to those observed in rickets, and the

disorders of periosteal ossification characteristic of rickets are entirely absent.

It is still an open question whether true rickets ever occurs as an intra-uterine

affection. MORI believes that he has demonstrated its existence in one case.

Even in members of the same race, the form of the skull is subject to

marked variation, and the variation is still greater when different races are

compared. The characteristic measurements of the cranium are its length,

height, and breadth. The cephalic index is the ratio of its length (taken as

100 units) to its breadth. The altitudinal index is the ratio of its length to

its height. The accepted horizontal plane is that passing through the upper
edges of the external auditory meatus and the lower orbital margins.

According to the variations of the cephalic index, we distinguish the dolicho-

cephalic (index less than 75) and the brachycephalic (index more than 80) types.
Intermediate forms are called mesocephalic. If the 1'atio of the breadth to the

height is less than 70, the skull is platycephalic; if between 70 and 75, ortho-

cephalic; if above 75, hypsocephalic. The character of the facial profile is

indicated by the facial angle of CAMPER, namely the angle between a line

on the level of the external auditory meatus and the floor of the nasal cavity
and a line touching the middle of the forehead and the anterior portion of the

alveolar process of the superior maxilla. If this angle be 80 or more, the skull
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is called orthognathous ; if it is between 80 and 65, prognathous (GEGENBAUR).
The mean cubic capacity of the male cranium is 1450 cubic centimetres; that
of the female in 1300 cubic centimetres (WELCKER).

Pathological types of skull are due in part to premature svnostosia.
A UK MIL; .thrill we distinguish the hydrocephalic type (from dropsy 01 the ven-

tricles), the cephalonic (or big head), the microcephalic (or small head), the

dolichocephalic (or long head), the sphenocephalic (or wedge-shaped head due
to compensatory development of the anterior fontanelle), the leptocephalic (or
narrow head), the clinocephalic (or saddle-shaped head), the trigonocephalic (or

triangular head due to narrowing of the frontal bone, from foetal synostosis of
the frontal suture), the brachycephalic (or short head), the pachycephalic (in
which the bones of the cranium are thickened), the orycephalic (or pointed
head), the platycephalic (or flat head), the trochocephalic (or round head), and
the plagiocephalic (or unsymmetrical oblique head).
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57. Excessive longitudinal growth of the bones depends upon
abnormal proliferation of cartilage in the process of endochondral

ossification, and excessive thickness upon abnormal addition of

osseous tissue by apposition. The two processes, when they
affevt the entire osseous system, lead to hypertrophy of the
skeleton, or gigantic overgrowth.

Growth of the bones beyond the ordinary dimensions proper
to the race, and to the ancestral stock, may be noticeable even
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at birth, though more usually it makes its appearance during
the period of adolescence, or even after the time when growth
normally ceases. The increase in the several parts of the

skeleton may be symmetrical and uniform ; more commonly,
however, the hypertrophy is unequal, so that the normal rela-

tive proportions of the parts are disturbed. At the same time

the hypertrophied parts may be irregularly enlarged, and so be-

come more or less deformed. Such deformity is most frequently
observed in the bones of the skull (Fig. 123) and at the ends
of the limb-bones.

The causes of excessive development of the osseous structures

are still obscure. It is nat-

ural to assume that the

variety that begins in the

early or intra-uterine pe-
riod of growth is due to

heredity. When the hyper-

plasia first makes its ap-

pearance during extra-ute-

rine growth, it is possible
that external influences

play an important part in

the causation, in addition

to some hereditary predis-

position. Perhaps chemical

agents may be influential in

producing these changes.
In support of this theory
the experimental investiga-
tions of WEGNER, MAAS,
and GIES might be cited.

These investigations show
that phosphorus and ar-

senic, when given in small

doses during the period of

adolescent growth, produce
an increase of bone at

every point which is the

site of physiological appo-
sition.

Abnormal osseous hypertrophy may continue to progress until

death, or it may cease after a few years.

Overgrowth of individual portions of the skeleton, or partial

gigantism, occurs in the bones of the skull (Fig. 123), and affects

the bones of the cranial vault as well as those of the face. The

overgrowth is sometimes uniform, at other times irregular in its

distribution; occasionally also the bones so affected possess a

tuberous or lobate surface. VIRCHOW has termed the condition

FIG. 123. LEONTIASIS OSSEA.

(Case observed by BUHL)
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leontiasis ossea. Cases are recorded in which the weight of

t IK- skull reached five kilogrammes.
Where a particular part of the body, such as the foot, or a toe

or finger, are from any cause overgrown, the bones of the part
are frequently hypertrophied to a corresponding extent. As

examples of excessive growth of individual bones, and of the

development of new or supernumerary ones, the following are

specially noteworthy the development of the anterior portion
of the transverse process of the seventh cervical vertebra into a

rib ; the lengthening of the twelfth rib, and the formation of a

nulimentary thirteenth rib; and the abnormal enlargement of

the bony surfaces and points of attachment of tendons, described

under the various names of apophyses, tuberosities, tubercules,

spines, and crests.

Tumour-like formations of new bone sometimes occur in

situations where no outgrowths normally exist. Such tumours

appear* on the cranium as well as on the other portions of the

skeleton, and are sometimes composed of compact ivory-like bone,

and at other times of spongy or cancellous tissue : they may be

multiple. Many cases are reported in which tuberous or spicular

bony growths have been formed over the entire skeleton, or the

greater portion of it, the protuberances being usually covered

with a layer of cartilage at their growing margins (Art. 62).
On the larger long bones these growths are generally found at

the articular ends, and near the cartilaginous stratum between

diaphysis and epiphysis. They may however occur in any other

situation for example, on the flat surfaces and the crest of the

ilium, on the ischiuin, or on the pubes.
The mode of origin and the significance of these and other

similar formations are very various. The occurrence of super-

numerary ribs is taken as evidence that man is descended from

ancestors who possessed a larger number of ribs, and in this

respect one is reminded of the structure of the anthropoid

apes. The enlargement of tuberosities, crests, and the like, is

regarded as merely a local overgrowth of parts whose develop-
ment is normally subject to wide variations, possibly favoured

in certain instances by some excessive traction exercised by the

muscles.

The causes of general or local gigantic overgrowth, of diffuse

hyperostosis of the cranium, and of circumscribed tumour-like

osseous formations, are for the most part still unknown. Some-
times chronic or frequently recurring inflammation, such as cuta-

neous erysipelas of the head (ViRCHOW), appears to be a cause.

In other cases traumatic injury leads to osseous hyperplasia.
Case^are reported in which a kick in the face by a horse (BuHL)
or an operation on the face (JouRDAiN) has resulted in hyper-
ostosis not of the injured part only but of the entire skull. The

phenomenon is not unnaturally accounted for by the assumption
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that in these particular instances the periosteum and marrow

possessed an inherited predisposition to excessive osteogenesis.
As regards multiple hyperostoses, the theory of inherited pre-

disposition seems to oft'er the only explanation, and its relevance

is rendered probable by the fact, on the one hand, that these

hyperostoses generally make their appearance during the period
of growth, and, on the other hand, that they frequently run in

families. When multiple hyperostosis appears for the first time in

a family, it is probably to be regarded as a spontaneous variation

or '

sport,' to be classed with other like anomalies of development.
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58. If the diaphysis of one of the long bones becomes chroni-

cally inflamed from the presence in it of a tuberculous focus or

of a necrotic sequestrum resulting from acute osteomyelitis, and if

the inflamed region is situated not too near the epiphysial carti-

lage and the patient is young, not only hyperostosis of the diaphy-
sis but increased longitudinal growth are occasionally induced.

The like may ensue when the periosteum and marrow of the

diaphysis have been subjected to chronic irritation from any other

cause, such as a cutaneous ulcer, or the insertion of metal or ivory
pegs ; but the irritation must be neither too slight nor too intense,
and the resulting inflammation must not extend to the end of

the diaphysis (OLLIER, VON LANGENBECK, VON BERGMANN, and

others).
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In exceptional cases, arthritis results in morbid overgrowth in

length of the bones contiguous to the affected joint (VON LANG-
IM.KCK, WEINLECHNER, SCHOTT, and others). According to

OLLIER^VON LANGENBECK, VON BERGMANN, HAAB, WEINLECH-
NER, SCHOTT, and others, inflammatory elongation of one bone
sometimes induces similar overgrowth of another neighbouring
bone.

When the focus of inflammation is not too near the epiphysial

cartilage, the excessive longitudinal growth seems to take place

uniformly. If the inflammatory focus is nearer the growing car-

tilage, slight irregularities appear in the formation of the medul-

lary cavities, and these are followed by similar irregularity in the

ossification. This may occur both in the intermediary or epi-

physial and in the articular cartilage : in both situations a more
or less complete destruction of the cartilage is the result. When
the growth of the epiphysial cartilage ceases the bone is able to

increase but slightly in length, the articular cartilage even in very
young persons producing but little bone.

When it lies within the region of inflammation, the epiphysial

cartilage is very rapidly destroyed. In suppurative osteomyelitis
it sometimes undergoes complete necrosis, and longitudinal growth
at the affected end naturally conies to a standstill.

As has been already observed, under these conditions separa-
tion of the epiphysis is brought about.

The disorders of endochondral ossification produced by in-

herited syphilis, commonly described as syphilitic osteochon-
dritis (Fig. 124), have attracted the attention of pathologists.
In the slighter forms of this malady there are, properly speaking,
no definite inflammatory foci, and the affection consists essentially
of irregularity in the deposition of the calcareous salts and in the

formation of the medullary spaces. In the severer forms l.ie

neighbourhood of the articular cartilage is beset with greyish-red
foci of osteomyelitis, which as they break down into pus become

yellowish-white or yellowish-green. These are of various sizes,

and within them the osseous trabeculae are necrosed or dissolved.

The disease usually attacks the lower end of the femur ; next in

order of frequency the distal ends of the tibia and the bones
of the forearm are involved ; and lastly, the other parts of the

skeleton.

The disorder of calcareous deposition consists in an inter-

ruption of the zone of calcification (Fig. 124 e) by scattered

islands of uncalcified (d) or at most slightly calcified tissue, while
in other situations the calcareous deposits extend far into the car-

tilage.

Tke irregular formation of the medullary spaces proceeds
pari passu with the irregular calcification. Here, also, the

advancing zone is not evenly formed, and some of the medul-

lary spaces (<?) extend deeply into the substance of the proliferous
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cartilage. As these medullary spaces are generally vascular, the

alteration may be observed with the unaided eye ; and in like

manner the irregular formation of the whitish zone of calcification

is often very clearly recognisable.

FIG. 124. SYPHILITIC OSTEOCHONDRITIS.

(Section through the upper border of the diaphysis of the tibia in a new-born child affected
with hereditary syphilis : preparation hardened in Mailer's fluid and alcohol, de-

calcified with picric acid, stained with haematoxylin and carmine, and mounted in
Canada balsam : X 50)

a proliferous hypertrophic cartilage e calcified cartilage
b foci of calcification in advance of the / zone of formation of medullary spaces

normal zone
c medullary spaces beyond the normal

limits

d uncalcified islets of cartilage

and dissolution of cartilage
ff remnants of calcified cartilage
h mature bone

The cartilage itself is sometimes unaltered, but at times it

shows signs of excessive proliferation, so that the zone of prolifer-
ous and hypertrophic columns of cartilage-cells is enlarged.

Corresponding to the alterations in the cartilage, the .transi-

tional zone (/) between cartilage and bone, consisting of medul-
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lary {issue and remnants of the calcified cartilaginous matrix,
is broadened out and uneven. The trabeculae are sometimes

scanty and slender, sometimes stout and numerous ; in the latter

case they often include cartilage-cells (g).
The elaboration of the osseous lamellae on the side of the

bone-marrow is more or less retarded, so that on this account also

the transitional zone between perfect bone and cartilage (/) is

broadened.

By the formation of granulomatous foci of disintegration, the

remnants of the cartilaginous matrix and the new osseous trabe-

culae may be more or less completely destroyed ;
while portions

of the cartilage also may become necrotic. Occasionally in this

manner the epiphyses are at length separated.

Syphilitic osteochondritis is a frequent, though not a constant,

concomitant of hereditary syphilis in new-born infants.

HAAB and VERAGUTH have described cases of separation of the epiphyses
in still-born syphilitic infants, in which the severance occurred within the epi-

physial cartilage, and resulted from antecedent disintegration, fibrillation, and

fragmentation of its substance. According to their observations the condition

was due to a putrefactive process, which may probably affect in a similar

manner still-born putrefied foetuses that are not syphilitic.
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59. Rickets, also termed rachitis, or the "English disease,"

is a general disorder of nutrition which appears during childhood,
and is characterised anatomically by increased bone-resorption,

FIG. 125. RICKETS.

(Section through the parietal bone of a two-year-old child : preparation hardened in
Mailer'sfluid and alcohol, cut without decalcification, and stained with haematoxylin
and neutral carmine : X 30)

a external periosteum
6 external periosteal deposit of bone
c region of the outer table
d region of the spongy diploe
e region of the vitreous lamella

f region of the inner periosteal osteo-

phytic layer
g internal periosteum
h and hi trabeculae of osteoid tissue
i remnants of old bone

superposition of osteoid tissue upon
the old bone

area of resorption, with osteoclasts

newly-formed bone within a trabecula
of osteoid tissue

marrow rich in cells in proximity to
the old bone

marrow poor in cells but rich in vessels
within the periosteal osteoid tissue

by deficient calcification of the cartilages, and by the formation
and persistence of imperfect uncalcified bone or osteoid tissue.

As has already been more than once remarked, resorption of

the osseous tissue already formed always takes place during the
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period when the bones are growing, but it is confined to definite

regions. In rickets the state of things is so far altered that the
amount of lacunar resorption is excessive, with the result that
in marked cases considerable portions of the already-completed
bony skeleton are again destroyed. In the long tubular bones
and in the short bones, the cortical stratum is thereby rendered
more or less osteoporotic, and the osseous trabeculae of the can-
cellous tissue become attenuated or disappear. The compact
substance of the flat bones of the skull may be reduced to a few
lamellae (Fig. 125 t), so that the characteristic differentiation of
the bony structure into an outer and inner table (compare Fig.
110. with Fig. 125) and a diploe is entirely effaced.

At an early stage peculiar and anomalous processes of ossifi-

cation are associated with these changes, uncalcified bone or
osteoid tissue being abundantly produced and deposited on the
remnants (z) of the older osseous trabeculae (&), or forming new
trabeculae of its own (h hj). These new trabeculae are elabo-
rated by the bone-marrow (A x) and the periosteum (A), both of
which are highly vascular and hyperaemic. The formation of
osteoid trabeculae within the marrow takes place in a manner
similar to that observed in the case of internal callus (Art. 45),
except that no such striking multiplication of osteoblasts precedes
the appearance of the compact groundwork of the bone. The
provisional tissue as it stands is more directly transformed into

osteoid trabeculae. Even when new osteoid tissue is deposited
upon old, or upon persisting bony trabeculae, the provisional
tissue consists not only of epithelioid osteoblasts, but also of fusi-

form and stellate cells with a fibrillar intercellular substance.

The trabeculae (^) elaborated by the periosteum are formed
in a manner similar to the trabeculae of external callus (Art. 45),
in other words they originate from a matrix that is partly cellular

and partly fibre-cellular. Cartilage may also be formed in the

periosteum of the long bones, and this later on becomes trans-

formed in the way already described. The marrow of the myelo-
genous and of the periosteal osteoid tissue consists of highly-
vascular partly reticular and partly fibrillar connective tissue,

enclosing free round-cells.

The above-mentioned processes, in somewhat advanced cases

of rickets, lead to the development upon the surface of the bones
of vascular and hyperaemic tissue of spongy texture, which 'hough
it ;s capable of resisting moderate pressure with the finger is easily
cut through with the knife. It is specially abundant at points
where periosteal apposition is normally active, e.g. on the diaphy-
ses of the long bones and about the regions of active periosteal

growth (Fig. 125 b~) on the exterior of the flat bones of the skull.

When the older bone has been subject to much resorption

(<? d e), it too may easily be cut through with the knife.

The trabeculae of osteoid tissue are devoid of calcium-salts,
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V
FIG. 12(5. RICKETS.'

(Longitudinal section through the line of ossification of the upper end of the diaphysis
of thefemur of a one-year-old child, suffering from rickets of moderate severity :

preparation hardened in Mutter's fluid, stained with haematoxylin and carmine, and
mounted in Canada balsam : x 50)

a unaltered hyaline cartilage b cartilage in the first stage of proliferation c zone
of columns of proliferous cartilage-cells d columns of proliferous hypertrophic
cells e vascular medullary spaces within the cartilage / calcified cartilage
ff osteoid tissue h remnants of cartilage amid osteoid tissue i trat>eculae of
osteoid tissue devoid of calcium-salts k trabeculae formed of osteoid and com-
pletely-ossified tissue I vascular fibre-cellular medulla
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and consist of a fibrous reticulated matrix (KASSOWITZ) which
stains deeply with carmine, and contains rather large bone-cor-
puscles and cells. These last undergo marked fluctuations as to
number, and are distributed sometimes uniformly and sometimes
irregularly. So long as the rachitic affection persists, these tra-
beculae remain free from calcium-salts, or take them up only at
a very late stage, and then at first only in the central parts (ro).Not until recovery begins does complete calcification take place,and the bone, considerably enlarged and thickened by the luxu-
riant periosteal overgrowth, becomes at length hard and rigid.

FIG. 127. FORMATION OF A MEDULLARY SPACR WITHIN AN EPIPHVSIAL CABTILAOB
IN RICKKTS.

(Preparation hardened in Miiller'* fluid and alcohol, double-stained with hatmatoxylin
and carmine, ami mounted in Canada balsam : X l.'JO)

a cartilage b medullary space c vascular processes d osteoid tissue

The disorders of periosteal and myelogenous ossification in-

rickets are always accompanied by corresponding anomalies of

endochondral ossification. The absence of a zone of calcification

at the line of growth is the most salient feature. In severe forms
of rickets there may be no calcareous deposition at all. In

slighter cases of the disease the cartilage still shows scattered

islands of calcification (Fig. 126/).
A second characteristic feature is enlargement of the zone of

proliferation in the cartilage (b c), and usually of the columns
of hypertrophic cells (d). A third feature is the formation of

vascular medullary cavities (e), which grow out in an entirely

irregular manner from the bone-marrow into the cartilage.
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These three alterations have these results first, that the

transition from cartilage to bone is not indicated by the usual

white line (Art. 54), its place being occupied by at most a few
small white specks ; and secondly, that the zone of proliferous

cartilage, distinguishable from the inactive cartilage by its trans-

lucency, is more or less broadened. At the same time the line of

demarcation between cartilage and bone is not even, but in many
places distorted and interrupted, the medullary spaces extending
visibly for very various distances into the cartilage. At the same
time blood-vessels in abnormal abundance penetrate from the

perichondrium into the cartilage.
The substitution of uncalcified cartilage by medullary spaces

is always started by the ingrowing of a blood-vessel, which may
be naked or accompanied by groups of cells (Fig. 127 c). The

changes the cartilage thereby undergoes (compare Fig. 85) are

exactly similar to those which take place in periosteal cartilage
in process of ossification. As the cartilaginous capsules rupture,
the cartilage-cells become free and are changed into marrow-cells

(Fig. 85 0.
Where the cells in the neighbourhood of new vascular spaces

persist, the cartilage may, by special modes of transformation,
assume directly the appearance of osteoid tissue (Fig. 127 d and

Fig. 85 /). When the proliferous cartilage has been coloured

bluish-violet by double-staining with haematoxylin and carmine,
the osteoid tissue will become dark-red.

With the increase in size of the medullary spaces the mass of

the cartilage naturally decreases. But it must be regarded as

characteristic of rickets that nevertheless the cartilage is neither

completely destroyed nor completely transformed. Trabeculae of

cartilage (Fig. 124 Ji) persist, here and there, between the medul-

lary spaces, and we may say that the more severe the disease the

greater is the number of these residual trabeculae.

The persisting cartilaginous trabeculae are gradually changed
into osteoid tissue from their periphery inwards, and at other

points osteoid trabeculae are formed from the bone-marrow (Fig.
126 i) at the same time. A zone of osteoid tissue (Fig. 124 i)
thus arises behind the area of proliferous and vascular cartilage

(c c?), whose trabeculae enclose more or less numerous islets of

unaltered cartilage (A). This zone may reach a width of 5, 10,

or 15 millimetres, or even more in the long bones, and forms a

highly-vascular structure which, in its physiological characters,

corresponds exactly to the periosteal osteophytic layers, and offers

a certain elastic resistance to the pressure of the finger, though it

yields on the application of greater force, and is pliable.
The arrangement of the osteoid trabeculae (Fig. 124 t) is

entirely different from the type characteristic of normal ossifica-

tion (compare Fig. 113), and in form also they are entirely differ-

ent from normal osseous trabeculae. Their increased thickness
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is th,e result of apposition from the bone-marrow, which, in the

neighbourhood of osteoid tissue, and sometimes also in the neigh-
bourhood of proliferous cartilage, contains a notable proportion of

fibrillar ground-substance, enclosing spindle-shaped and stellate

cells and relatively few round-cells. The flat and spindle-shaped
osteoblasts, together with the fibro-cellular tissue, play the part of

plastic or formative material deposited

upon the osteoid trabeculae.

Deposition of calcium-salts in the

osteoid tissue at length begins to take

FIG. 128. ADULT FEMUR WITH RACHITIC CURVATURE OF THE DIAPHYSIS.

(Reduced to one-third of the natural size)

FIG. 129. ADULT FEMUR WITH RACHITIC FLEXURE OF THE LOWER EPIPHTSIS.

(Reduced to one-third of the natural size)

place at a certain distance from the cartilage, the distance vary-

ing with the severity of the rachitic affection. This deposition

always begins in the centre of the osteoid trabeculae. To the

purely osteoid tissue is thus added a zone of osteoid trabeculae

(Fig. 124
/fc)

whose centres are by a process of calcification trans-

formed into true bone.
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The resultant effect of the rachitic disorder of ossification on
the form and structure of the skeleton may be inferred from the

nature of the separate processes. The abundant proliferation
of the epiphysial cartilage produces thickening of the articular

ends of the bones, while by the luxuriant periosteal formation of

uncalcified osteophytes the diaphyses of the long bones and the

external strata of the flat bones are thickened. After the rachitic

process has ceased the bone is thus abnormally thick, clumsy, and

heavy.
The softness of the osteoid tissue produces a more or less

free mobility of the cartilaginous epiphyses upon the diaphysis,
on account of which at times the ends of the latter are sharply
bent (Fig. 129). By pressure in the direction of the axis of the

FIG. 130. FLAT RICKETY PELVIS.

(The sacrum projects far into the pelvis, the posterior spines extend over the posterior
aspect of the sacrum farther than normal, the iliac bones are small and diverge
widely in front, the acetabula are directed anteriorly : two-fifths of the natural size)

diaphysis, the soft epiphysial cartilages are at the same time de-

pressed. Deficiency of longitudinal growth results from the

irregularity and incompleteness of the endochondral ossification.

The rarefaction of the cortical and cancellous parts, and the

lack of calcium-salts in the newly-formed periosteal and myelo-
genous strata, produce softness of the bones. This softness, in

the long bones of the limbs, and in those of the thorax, of the

shoulder, and of the pelvic girdle, gives rise in the early stages of

rickets to easy indentation and fracture, and in the later stages to

flexure and curvature (Fig. 128). In the short bones, especially
those of the trunk, flattening may result from compression.

The form assumed by the bones of the extremities, of the pelvic
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and pectoral girdles, and of the vertebral column, is determined
chiefly by the traction of muscles and by the weight of the body.In the case of the thorax, in addition to the action of the muscles
of respiration, the external atmospheric pressure comes into play.As the result of these various stresses, the long bones of the
limbs, and especially of the legs, are apt to become curved and
distorted. Jf the periosteal ossification is that which is most
interfered with, the diaphysis becomes evenly curved (Fig. 128);
if, on the other hand, it is the endochondral ossification that is

chiefly disordered, the result is angular flexure or oblique dis-

Fio. 131. RICKETY (PSEUDO-OSTEOMALACIO) PELVIS WITH THE PROMONTORY or THE
SACRUM SUNK FORWARD.

(The acetabula are approximated, the *i/mphysis is pressed fortearrf, the iliac venters
are small : two-fifths of the natural size)

placement of the epiphyses (Fig. 129). The pelvis, in less severe

cases of rickets, is usually flattened (Fig. 130), the sacrum sink-

ing into the pelvic cavity and with its wings forming ;: plane
rather than a concave surface at the posterior portion of the pel-
vic inlet. At the same time the lower portion of the sacrum is

bent sharply forward ; the venters of the ilia are small, and

diverge anteriorly from ecich other; the pubic arch is wide; and
the acetabula point more anteriorly than is normal. In severe

cases, where the pelvic bones are very soft (Fig. 131), the prom-
ontory of the sacrum projects sharply forward and extends inward
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beyond the wings of the sacrum, the acetabular region is pressed
inward, and the symphysis is carried forward ; so that the pelvic

inlet, as in osteomalacia, becomes heart-shaped. This form is

termed the pseudo osteomalacic pelvis.
In the spine, kyphotic, lordotic, and scoliotic curvatures are

produced (Art. 60). The thorax sinks in, especially at the points
where the ribs join the cartilages. The bony ribs frequently form
a re-entrant angle with the soft proliferous portions of the costal

cartilages. When this deformity of the thorax is extreme, the

sternum is thrust forwards like a keel, forming the pectus cari-

natum, or pigeon-breast. Occasionally, the sternum also sinks

in and is compressed laterally, so that a concave depression is

formed at its lower end
;

this constitutes the infundibular or

funnel-shaped thorax.
When resorption of the flat cranial bones has been excessive,

particular portions may revert to the condition of membrane
(craniotabes rachitica), while the remaining portions are com-

posed principally of spongy osteoid tissue. The fontanelles are

accordingly large, while the sutures appear broadened, pliant, and

membranous, and bordered by soft edges. Large areas of the

occipital and parietal bones are sometimes thus softened, and
feel like mere skin, the firm and resistent bone they contain being
reduced to a few islands.

Dentition is delayed in rickets. The disease is most frequent
in the first and second years of life. It may supervene however

up to the tenth year, and not infrequently osseous changes, which
are attributable to rickets, make their appearance at the time of

puberty, and induce abnormal pliability of the bones.

KASSOWITZ maintains that rickets is an inflammatory disease of bone,
which starts at the seats of osseous apposition and gradually affects the entire

structure. This view he bases upon his minute researches concerning the pro-
cess. He seeks to explain all the pathological phenomena by the theory that the

vascularity of the osteogenic tissues is morbidly increased. This vascularity,
in its turn, is due to a peculiar vulnerability of the vessels concerned, in which
morbid changes are induced by defective nutrition, as well as by noxious
substances circulating in the blood.

The assumption of KASSOWITZ, that the tissues within a part affected with
rachitic disease are hyperaemic, is well-founded ; hyperaemia is however not
identical with inflammation, and the entire process does not bear an inflamma-

tory character. The increased vascularity is only a symptom or concomitant,
it is not the underlying cause of the phenomena of rickets.

Most authorities regard rickets as a disorder of nutrition, attributable

mainly to a deficient supply of calcareous salts to the bones. This theory finds

support in various observations made upon animals. For example, according
to ROLOFF, rickets is induced in suckling lambs when the mother is fed with
food deficient in lime. Young lions and leopards become rachitic when fed

upon flesh from which all bone has been removed.
The cause of the deficiency in calcium-salts may lie in absence of these

salts from the food, in lack of power on the part of the intestine to absorb

them, or in failure of the system to utilise them properly when absorbed.

According to RIEDEL, however, the absorption and excretion of lime in
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rachitic and in healthy children fed on similar diet is the same. The essential
cause of rickets can therefore scarcely lie in any lack of power on the part of
the organism to assimilate calcium-salts.

According to SALKOWSKI and SEEMANN, the ingestion of an excessive
amount of food containing potash may have this effect, as phosphate of potas-
sium combines with the chlorine of the blood-plasma and so causes therein a
deficiency of chlorides. This in its turn leads to deficient formation of hydro-
chloric acid in the stomach, and this again renders the solution and assimilation
of the calcium-salts impossible. According to the investigations oC LEHMANN,
MILLER, and MUNK, increased excretion of phosphorus and of lime occurs in
starvation

;
the bones are therefore in process of catabolic disintegration.
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60. The mature forms of bones and joints are due partly
to qualities inherent in the embryonic basis of the skeleton, and

partly to external influences exerted upon the latter during its

development and growth. The articular ends are fashioned be-

fore the joint-cavity is developed, and before the bones arc liable

to
% any relative movement ; while projections for the attachment

of ^muscles arise on the bony surfaces before any muscular action

takes place. To this extent the evolution of the general form

is dependent upon inherited tendencies. The minuter details of

form, which are elaborated during the period of foetal growth,

during infancy and adolescence, or even at a later stage, are not

inherited but acquired as the bones develope in relation to the

structures that environ them. These details of form include the
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enlargement of the rudimentary tuberosities and ridges, or the

formation of new ones, for the attachment of tendons and liga-

ments, and the production of depressions and grooves for the

lodgment of blood-vessels or other soft parts. It is in such

details that individual variations and peculiarities of form consist.

Abnormal statical and dynamical conditions influencing the

skeleton during its development and growth produce changes of

form that are beyond the limits of individual variation, and must

accordingly be considered as pathological. When the disturbing
influences act during intra-uterine life, the child may be born
with more or less marked deformity of the skeleton. Deformities

arising after birth appear sometimes in early childhood, sometimes
not until puberty or until an even later period.

Fro. 132. CONGENITAL HYDROCEPHALUS IN A CHILD ABOUT ONE YEAR OLD.

(Circumference of head, 63 centimetres : reduced to two-fifths of the natural size)

The formation of the cranial portion of the skull is, to a cer-

tain extent, dependent upon the development of the brain. If

the brain remains small and ill-developed, the size of the cranial

cavity will remain less than normal : if the cranial contents are

abnormally bulky, their osseous envelope will be correspondingly
enlarged. An excessive development of nervous tissue or the

accumulation of liquid, as in hydrocephalus (Fig. 132), may pro-
duce the latter deformity. Where the brain increases rapidly in

size, as in infantile hydrocephalus, the growth of bone may be
unable to keep pace with the enlargement of the cranial contents,
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and thus a greater or less extent of the skull continues to be

membranous; and not until the growth of the brain ceases can

complete ossification of the skull take place. The same is true in

regard to the orbit, whose capacity, like that of the cranial cavity,
depends to some extent on the bulk of its contents. Similar
relations may be shown to exist between other parts of the skele-

ton and the soft parts related to them. As a further example we
may take the thorax, whose form depends more or less upon the

development of the viscera it encloses.

Bones and joints that at birth are normally formed may
nevertheless become deformed during their later development.
Certain parts that are still growing may be overloaded, while

othejrs are left free from stress ; as a consequence, perfectly sound
bones are liable to become changed in shape, and this naturally
happens more readily when the bones are abnormally soft and

yielding, as is the case in rickets. Continuous pressure on one
side of a bone produces retardation and occasionally arrest of

growth, or even resorption ; on the side free from pressure, on
the other hand, osseous apposition may be increased, or at least

not diminished. At the same time shrinking and shortening of

the ligaments and muscles take place on the side that is pressed
upon, while on the free side, which is under tension, the ligaments
lengthen and thicken.

Scoliosis (Fig. 133) is one of the most frequent deformities

of the skeleton caused by inequality of pressure : it is a lateral

curvature of the spine, the commonest form being that in which
the thoracic vertebrae are bent to the right, with compensatory
bends to the left of the lumbar and often also ef the cervical

regions. The abnormal statical conditions giving rise to this

deformity may be furnished by excessive distension of one side of

the thorax by a pleural effusion, by the unilateral development of

a large tumour, by unilateral contraction of the thorax following
the absorption of a pleural effusion, by cirrhosis of the lung, by
fixation of the pelvis in an oblique position, and so on. But it is

more usually due to a frequently-assumed and finally habitual

faulty posture of the body, such as constant standing on one

leg, sitting upon one buttock, forcing up the right shoulder by
habitually resting the right arm upon a table, etc.

If the bones possess a certain amount of pliability (as in

rickets), flattening of the bones and ligaments on the side subject
to pressure will be produced. When a certain amount of bending
has once occurred, and the centre of gravity of the trunk and
lu-ad has thus been shifted, the curvature rapidly increases and
marked lateral deviation takes place. This is usually accom-

panied by posterior protrusion or curvature of the thoracic spine,
which is known as kyphosis (Fig. 133). Generally the verte-

bral column is at tlu- sanu- time rotated, so that the bodies of the

vertebrae point to the convex side. In marked kyphosis the ver-

Q
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tebrae become wedge-shaped. Sometimes ossification of the liga-
ments takes place, and osteophytes form on the surface of the

vertebrae.

A second form of deformity due to pressure is the affection

of the hip described as coxa vara (BitUNs). This consists in a

bending of the neck of the i'emur downwards so that its angle of

inclination to the shaft is diminished to a varying extent. The
condition is due to abnormal pliability of the bone from rachitic

disease in childhood or at

puberty. G-eiiu valgum
(or knock-knee) belongs to

this class of deformities ;

it is a unilateral or a bilat-

eral deformity of the knee-

joint, in which the femur
forms with the tibia an
obtuse angle, pointing in-

wards. This condition, like

the foregoing, makes its ap-

pearance during the period
of growth, usually between
the ages of two and four

years (genu valgum infant-

wm), or at puberty, from
the fourteenth to the seven-

teenth years (genu valgum
adolescentium) . At the lat-

ter age it is especially com-
mon among persons who
stand much and at the same
time perform hard manual
labour, such as bakers',

blacksmiths', and joiners'

apprentices, and waiters.

The cause of the angu-
lar deformity is either that

the external articular sur-

faces of the tibia and of

the femur are retarded in

their growth or actually depressed from abnormal pressure on and
excessive pliability of the bone, or that the epiphysial ends of the

tibia and of the femur (Fig. 129) are sharply bent outwards.
Genu valgum may also occur after traumatic separation of the

epiphyses with dislocation of the fragments, or after reunion in a

faulty position of a fractured condyle (genu valgum traumaticum).
Lastly, it is sometimes due to carious destruction of the external

condyle of the femur (genu valgum inflammatorium), and to

arthritis deformans.

FIG. 133. SCOLIOSIS AND KYPHOSIS OF THE
SPINE.
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Acquired flat-foot, or pes valgus acqulsitus, is another
deformity due to pressure : it consists of an alteration in the
shape of the foot during the period of growth, whereby the bones
forming the inner border of the plantar arch sink in, while
the entire foot is at the same time rotated outwards. All the
factors that tend to induce the valgus position of the foot, and
such postures as produce undue strain on the arch and the plantar
and tibialis posticus muscles, aid in producing flat-foot, provided
the ligaments and bones are incapable of offering a sufficient
resistance. Long standing (as in the case of waiters, smiths, and
joiners), and the carrying of heavy weights, act in the former
manner. Among factors of the latter class are genu valgum,
rachitic curvature of the leg, and the strained positions assumed
in stilt-walking and in standing on the narrow rounds of a ladder,
when the instep rather than the ball of the foot is used as the

point of support. In this case the pressure is applied to the
anterior part of the calcaneum, the inner border of the plantar
arch being unsupported, with the result that the foot as a whole
is rotated outwards.

In pes valgus, the internal lateral ligament and ultimately
the astragalo-calcanear ligament are stretched and elongated. The
fasciae and ligaments of the plantar surface, and esj>eciallv the

calcaneo-scaphoid ligament, are lengthened by the sinking in of
the plantar arch. In marked cases of flat-foot the arch disappears
entirely, and the sole may even become convex downwards, so
that in the standing posture the scaphoid rests upon the ground,
the head of the astragalus projects inwards (LoiiEXz), ami the

astragalus itself seems as if it had slipped down to the inner side

of the calcaneum. The tarsal bones and their articular surfaces

are more or less deformed. The superior articular ridges of the

calcaneum, of the scaphoid, and of the cuboid, are ill developed.
The latter is also stunted in its antero-posterior growth. The

displaced head of the astragalus is sometimes entirely free, and
as it is unsupported by the displaced scaphoid, it is borne up
only by the stretched and thickened astragalo-scaphoid ligament

(VOLKMANN).
Hallux valgus is also to be regarded as a pressure-deformity.

It results from the wearing of pointed shoes, which force the

^reat toe outwards, and often push it beneath the second toe.

Deformities of the articular surfaces of the bones often result

from contracture or paralysis of a muscle or group of muscles,

due either to a primary myopathy or to such central disorders of

innervation as result in muscular changes (neuropathic contract-

ures). Most frequent are the deformities arising from paralysis,
and the changes thus induced are generally termed paralytic
contractures. The paralysis usually results from some lesion of

the central nervous system, such as anterior poliomyelitis or com-

pression of the cord from caries of the spine : it may however
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be the result of some lesion of the peripheral nerves, due for

example to traumatic injury.
If the muscles of an extremity are paralysed, the limb will

remain in the position into which it naturally falls by its own
weight. A paralysed foot assumes a position of plantar flexion

and is turned inwards, when the patient lies upon his back ; it

thus takes up the position characteristic of pes equino-varus. If

the foot remains in this position and the patient is young, the

plantar flexion, and the depression and inward rotation of the

outer border of the foot, continue to increase ; the plantar fascia,

the tendo Achillis, and the calf-muscles shorten, while the articu-

lar surfaces of the bones, subject at certain points to persistent

pressure, and at others unrestrained, change their forms. The

FIG. 134. SPONDYLOLISTHKSIS.

(Sagittal section through the spinal column: after KLKINWACHTER)

ultimate result is that the foot is fixed in its distorted posture,
and forms what is termed pes equino-varus paralyticus.

After paralysis of the calf-muscles only, the same condition is

apt to arise, as the patient usually fails to exercise the extensor

muscles of the foot.

In like manner other paralytic deformities may be brought
about, such as paralytic flat-foot and talipes calcaneus, paralytic

scoliosis, paralytic genu valgum or genu recurvatum. Genu
recurvatum is due to the attempt of the patient to stand on the

paralysed limb : to avoid the giving way of the knee-jpint by
flexion, he brings it into a position of forced extension, in which
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it i> maintained by the weight of the body and the tension of the
posterior ligaments.

The particular deformity produced by a given paralysis de-
pends in great measure on the position spontaneously assumed by
the paralysed limb, and on the manner in which its own weightand that of the body act upon it.

Primary and cicatricial contractions of the fasciae and liga-
ments, when they hold the joint continuously in a fixed position,
have the same effect as muscular contractures and paralyses.

Spondylolisthesis of the fifth lumbar vertebra deserves
special mention : it is a deformity in which, by the action of
the weight of the trunk, the body of the fifth lumbar vertebra
and the portion of the spinal column above it slip forward
over the base of the sacrum (Fig. 134). At first the vertebra

slips in a plane parallel to the adjacent upper face of the lumbo-
sacral intervertebral disc. Hut with increasing dislocation the
vertebral body slides farther and farther into the true pelvis, and
finally comes to rest with its basal surface upon the ventral asjwct
of the sacrum, while its dorsal surface lies nearly on a level with
the basal surface of the sacrum.

In spite of the displacement of the body of the fifth lumbar
vertebra, its lower articular processes do not lose contact with
the articular processes of the sacrum. The vertebral arch with
the spinous process does not in fact take part in the Spondylo-
listhesis, the anterior half or body of the vertebra being alone

displaced. This dislocation is made possible by the elongation
of the inter-articular portion of the arch of the fifth lumbar
vertebra, the elongation being in its turn a result of the pressure
exerted on the lower part of the vertebral column when the trunk
is in the erect posture. The elongation of the inter-articular

portion of the fifth lumbar vertebra in the sagittal direction may
occur with or without interruption of the continuity of the bone.
In some cases it is brought about by traumatic violence, fracture,

or inflammation (SlRASSER); in other cases it is due to anomalies
of development in the laminae and inter-articular parts of the

arch (NEUGEBAUER, CHIAUI). It is often impossible, however,
to determine the cause of spondylolisthesis in a given case.

In this connexion, the thoracic deformity known as funnel-breast

(EIISTEIN) should he noted. In this the lower portion of the sterno-oo.slal

region assumes a cup-shaped or infundibular form. The deformity may le

congenital or acquired; in the former case the explanation usually given
is. that it is due sometimes to a primary disorder of development in the

sternum and ribs, sometimes to pressure exerted on the sternum in utrro by
the lower jaw when the foetal head is strongly flexed upon the trunk, or by the

lower limbs as they are drawn up tightly against the body. In extra-uterine

life the condition is due to abnormal softness of the sternum, such as is caused

by Hckf'ts, permitting the bone to yield to the atmospheric pressure during
i n spi ration (Art. 59).
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CHAPTER XX

TUMOURS, CYSTS, AND ANIMAL PARASITES OF BONE

61. All the primary tumours of the osseous system belong
to the group of histioid or connective-tissue tumours. The peri-
osteum and the bone-marrow form the matrix for the development
of the new-growth. The tissues resulting from their proliferation

correspond to the various types of connective tissue, fibrous,

mucoid, cartilaginous, and osseous, or of cellular and more or less

vascular sarcomatous tissue. All forms of secondary tumours
are met with in the bones : of these the carcinomata occur by
far the most frequently.

FIG. 135. OssEors RKSOKPTION AND APPOSITION IN THK NKIOHBOVRHOOO or A

METASTATIC CARCINOMATOU8 DEPOSIT IN THK DIAPHYHI8 OK THI

(Preparation hardened in Mailer's fluid and alcohol,
decalcified

with picric acid, ttained

with haematoxylin, and mounted in Canada balsam: >

a cortical layer of the humenis '' osteoblasts

b normal Haversian canals O8toclat8 ami Howship 8 lacunme

c widened H;v,-rsi:m canals, with dilated / canoer-nests

blood-vessels ff stroma of the cancer
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Tumours of bone may be classified, according to their starting-

point, as periosteal or myelogenous, or as mixed forms originating

simultaneously in the marrow and in the periosteum. The
periosteal forms of new-growth arise usually from the osteo-

genic layer of the periosteum, and lie between the bone and

Fia. 136. MYELOGENOUS OSTEOSARCOMA OF THE TIBIA.

(Reduced to three-fifths of the natural size)

the external fibrous layer of that membrane. These tumours are

thus sharply marked off from the external tissues. In other cases

the growth involves the external layer of the periosteum, and at

a later stage infiltrates the contiguous tissues. This is especially
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apt to occur in the development of cellular sarcomata. Periosteal
tumours are usually situated upon one side of the bone, though in
certain instances a long bone may be completely surrounded by
the new-growth.

The bone lying beneath the tumour is sometimes unchanged,
but in other cases the osseous tissue more or less completely dis-

appears, particularly when the new-growth penetrates into the
Haversian canals or is developed from their walls.

Myelogenous tumours are sometimes sharply marked off from
the surrounding tissues, and sometimes pass gradually into them,

osseous

growth

FlO. 137. OSTEOSARCOMA OF THE CRANIUM.

(Reduced to one-half the natural size)

skeleton of the principal 6 carious area beset -with bony spicules,
the seat of a secondary tumour

or spread in a diffuse manner through the marrow. They always
caruse more or less resorption of the bony tissue, the process being
of the lacunar type (Fig. 135 e): halisteresis has not yet been
shown to occur in this connexion.

While the interior of the bone is being destroyed, new bone
is simultaneously being produced from the marrow or peri-

osteum in the neighbourhood of the tumour. Even when the

entire thickness of the old bone has been absorbed by the progres-
sive growth of the tumour, the new-growth may still be sur-
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rounded by a bony shell (Fig. 136); for as fast as the bone is

destroyed within, new osseous deposits are produced from the

periosteum on the outer surface. The girth of the bone is thus

increased, and the bone appears distended or inflated. As the

tumour developes the osseous layer becomes thinner. Whether the

tumour, when its diameter exceeds the thickness of the bone
within which it has been growing, will break through its bony
shell or not depends upon the firmness of the periosteum and
the rapidity of the tumour's growth. The periosteum of the larger

FIG. 138. SECTION THROUGH AN OSTEOID-CHONDROMA OF THE HUMERUS.

(Preparation as seen through a simple lens : double-stained with haematoxylin and eosiri)

a cortical layer of the humerus
6 medullary cavity
c periostea! deposit
d normal Haversian canals
e dilated Haversian canals filled with

cartilage containing new-formed
bone/

g cartilage formed from the periosteum
containing osseous trabeculae /;

i cartilage formed from the marrow
with new-formed osseous trabecu-
lae k

I old osseous trabeculae
7/1 remnants of medullary tissue

long bones is capable of offering great resistance to penetration

(Fig. 136), and often covers over even rapidly-growing tumours
with a shell of new osseous tissue. But it often happens that

the osseous covering is incomplete, and the tumour as it grows
breaks through it at various points. The periosteum of the

flat bones, on the other hand, and especially those of the cra-

nium, seems incapable of producing much in the way of an
outer shell, and consequently myelogenous tumours projecting
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above the surface of these bones are nearly always devoid of an
osseous covering.

Very frequently the tumour itself produces new bone (Fig.
137), and this in a manner similar to that described in connexion
with osseous regeneration and hyperplasia. There is however a

point of difference, inasmuch as the metaplastic production of bone
from existing tissue occurs much more extensively and frequently
in the neoplastic than in the regenerative process. Connective
tissue and cartilage (Fig. 138 g i) are the tissues most frequently
transformed into bone (h &), although bony trabeculae are Home-
times formed in the substance of cellular sarcomatous tissue. At
times nothing but osteoid tissue is produced. The matrix often

becomes calcified by the deposition in it of calcareous salts (Fig.
139 c rf.

FIG. 139. OSSIFYING LARGE-CKLLKD SARCOMA OF THE TIBIA.

(Preparation hardened in Mailer's fluid and alcohol, stained tcith haematoxylin and

eosin, and mounted in Canada balsam: X 365)

a polymorphous tumour-cells c trabeculae of the stroma with fine cal-

6 alveolar stroma oareous granules
d calcified trabeculae

Tumours of which bone is the chief component, the softer ele-

ments playing merely the part of medullary tissue, are termed

osteomata. When the soft tissues form the most important pait

of an osseous growth, it is regarded as a mixed tumour, and a

compound term expressing this fact (such as osteo-sarcoma) is

used to describe it.

Tumours of bone are usually single, although fibromata, myxo-

mata, osteomata, and enchondromata, as well as many varieties of

sarcomata, at times develope from the first as multiple growths.

As regards the aetiology of osseous tumours, the fact that

they often appear as the result of traumatic injuries (as in callus-

growths), and of inflammatory processes, is worthy of note. They
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are moreover apt to originate in situations where ossification has

been irregular, or where residual portions of provisional tissue,

particularly cartilage (ViRCHOW), have remained unutilised in

the process of ossification. Such residues are met with chiefly
at the ends of the diaphyses of the long bones, and there the rem-

nants of epiphysial cartilage sometimes become the starting-point
of enchondromata.

62. Osteomata are usually formed in the periosteum, and

occasionally in the bone-marrow. In the former situation they are

called exostoses (Figs. 140 and 141), in the latter they are known

FIG. 140. MULTIPLE IVORY EXOSTOSES OF THE CRANIUM.

(Reduced to five-sixths of the natural size)

as enostoses. When exostoses are produced directly from the

periosteum, they are spoken of as fibrous exostoses (Fig. 140);
when cartilage is first produced and the bone is formed from this,

they are known as cartilaginous exostoses (Fig. 141).
The tumour may be composed of dense and compact osseous

tissue, and is termed a compact or ivory osteoma (Figs. 140 and

142) ; or it may be spongy and cancellous, and is then a spongy
osteoma (Fig. 141). When it contains medullary cavities of con-

siderable size, like those of the long bones, it is termed ajnedullary
osteoma.
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Small osteomata are conical, rounded, button-shaped, or mush-
room-shaped (Fig. 140); larger ones form lobate, tuberous
(Figs. 141 and 142), spinous, or pectinate excrescences. The
latter variety usually occurs at the point of insertion of a tendon,
ligament, or fascia. Fibrous exostoses are covered only with
connective tissue ; cartilaginous exostoses are capped with a layer
of cartilage as well as witli connective tissue. The first form is

met with chiefly on the skull and on the flat bones of the trunk
;

the second variety affects the diaphysial ends of the larger long
bones, and arises from the periosteum or the epiphysial cartilages,

Fio. 141. CARTILAGINOUS EXOSTOSIS OK THE UPPER DIAPHYSIAL BJO> OF THE TIBIA.

(Reduced to two-thirds of the natural size)

from residual islands of cartilage, or from the articular extremi-

ties. They are at times congenital. Cartilaginous exostoses in

the neighbourhood of joints have occasionally a capsule which

overlies the layer of cartilage, and corresponds in structure to

synovial membrane ; in rare cases (RiNDFLEiscn, FEHLEISEN) it

contains free cartilaginous bodies. The growth is spoken of as

a bursate exostosis, and is probably developed from the articular

cartilage (VON BERGMANN) or from some embryonic residue

appertaining to the joint (FEHLEISEN).



238 TUMOURS AND ANIMAL PARASITES OF BONE |CUAP. XX

Enostoses usually occur in the diploe of the skull and in the

bones of the face. In certain cases the osseous formation pro-
ceeds from the marrow as well as the periosteum (Fig. 142).

Osteomata usually develope during the period of juvenile

growth. Multiple exostoses have more than once been observed
in new-born infants and young children, and may be hereditary

(Art. 57).
Fibromata are usually periosteal, less often myelogenous, in

their origin. They occur most frequently on the facial and cra-

nial bones bounding the buccal and nasal cavities, more rarely on
the bones of the trunk, and still more rarely on those of the

FIG. 142. IVORY OSTEOMA OF THE PARIETAL BONE.

(Frontal section : reduced to eight-ninths of the natural size)

a osteoma b calvarium

limbs. Such tumours are nodular, and give rise in the first-

named situation to some at least of the so-called pharyngeal and
nasal polypi. The richness in cells and the firmness of the tissue

vary greatly in different tumours, and a sharp distinction cannot

always be drawn between them and the sarcomata. At times
these polypi are highly vascular, especially those connected with
the nasal cavities, and some varieties are accordingly described as

telangiectatic. In some instances bone is developed within them,

usually in the form of trabeculae ; in the periosteal turnouts these

occupy the deeper parts, and are sometimes seated upon the old
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bone1
. Such growths are described as osteofibromata, or ossi-

fying fibromata.
Chondromata grow either from the periosteum or within the

substance of the bone. They may originate from the bone-mar-
row or from pre-existing cartilage, such as epiphysial cartilage

(ecchondroma) or some abnormally-persistent residue of the pri-

mary cartilaginous basis of the bone that has escaped ossification

(VlRCHO\V).
Chondromata arise with greatest frequency in the bones of

the hand, less frequently in those of the foot or other part of the

limbs or trunk, and still more rarely in the bones of the cranium.
The tumours are often multiple, especially when they grow from
the* hands or feet, and are commonest in children and young
adults; in some cases they are congenital. If they have their

origin in the centre of a bone they are at first covered with a bony
shell ; they are however apt to break through this, and then grow
beyond the limits of the bone. They form nodose or tuberous

excrescences, and occasionally reach a considerable size, espe-

cially when they grow from the larger long bones, the ribs, or

the scapula.
Chondromata are very liable to degenerative transformations,

such as fatty, calcareous, or mucoid change. These changes may
go on to complete dissolution of the matrix and of the cells, and

cystic cavities filled with liquid are thus produced. Osteochon-

dromata are produced when metaplastic ossification takes place
in an originally cartilaginous growth (Fig. 138 / h k). Such

tumours develope both in the periosteum and in the bone-marrow

(Fig. 136 a b <?) : when the new-formed osseous trabeculae are

very close and abundant the growth acquires an extraordinary

degree of hardness.

Myxomata and myxofibromata are rare tumours, which

arise both in the periosteum and in the bone-marrow. In the

periosteum they form rounded growths surrounded externally by
a layer of dense connective tissue. When they grow in the mar-

row they destroy the bone, and by complete liquefaction of their

substance sometimes give rise to cysts. They occur both as single

and as multiple growths, and sometimes, as in the femur, appear

simultaneously in the periosteum and in the bone-marrow. In

the denser parts of a myxoma bone may be developed, producing
an osteomyxoma.

Lipomata are very rarely met with in the bones.

Sarcomata are the most common of bone-tumours, and they

appear in various forms. We have first the group of myelo-

genous sarcomata; of these, if we take note only of the most

essential differences, there are four types. The first two include

sarcomata that are either soft and myeloid, or firm growths of the

ordinary sarcomatous structure. These are found chiefly in the

bone-marrow of the upper and lower maxilla (intra-osseous epulis),
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and in the epiphyses of the long bones, especially of the tibia and
of the humerus. They rarely start in the diaphysis itself ; but as

they grow from the epiphysis they usually invade the diaphysis.
At first the new-growth produces no external change in the bone,
but induces merely a kind of carious destruction of the cancellous

tissue : sometimes the weakening of its structure thus induced
leads to spontaneous fracture. As the growth enlarges it dis-

tends the bone, and ultimately takes the form of a bulky tumour

(Fig. 136) surrounded by a shell of osseous and connective tissue.

At times this envelope gives way, and the soft neoplastic tissue

grows into the adjacent structures.

The structure of myeloid sarcoma is generally that of the soft

small-round-celled variety, especially in the long bones. The
denser forms are spindle-celled or fibromatous, as in maxillary
sarcoma, or are of more than one cellular type. Very frequently
the several parts of the tumour are of diverse structure. The
firmer fibro-cellular or spindle-celled parts often contain giant-
cells, and the growth has accordingly been called giant-celled
sarcoma, or tumeur a my^loplaxes (NfiLATON). Often the entire

tumour, or a portion of it, is everywhere permeated by wide blood-

vessels, and its tissue is then said to be telangiectatic. At times
the tumour produces small trabeculae or larger bars and spicules of

osteoid tissue or of bone, and then becomes an osteoid-sarcoma
or an osteo-sarcoma as the case may be.

When the tumour has reached a considerable size, as happens
chiefly in the larger long bones and in the pelvis, retrogressive

changes take place within it, such as fatty degeneration, haemor-

rhage, haematogenous pigmentation, softening, liquefaction, and

cystic excavation. In certain instances the greater part of the

tumour thus perishes, and the osseous capsule enclosing a small

quantity of tumour-tissue, with or without fragments of bone,
alone remains. The remnants of tumour-tissue are in part attached
to the inner surface of the capsule, in part traverse it as ramifying
strands and septa, that enclose in their meshes liquid mingled with
solid detritus, of clear or turbid, pale or blood-stained appearance.

A third group of myelogenous sarcomata includes the alveolar

varieties, characterised by the honeycomb structure of their fibrous

stroma, which encloses nests of relatively large sarcoma-cells.

One variety of alveolar sarcoma, that appears to be commonest in

the bones of the trunk and of the head, has a firm and well-

developed stroma ; another, chiefly met- with in the long bones,
and described as an endothelioma (BILLROTH, HILDEBRAND,
DRIESSEN), has a delicately-formed alveolar framework. The
smaller tumour-nodes lie hidden within the bone ; the larger tu-

mours form protuberant cushion-like outgrowths from the surface,
and are covered with periosteum.

The fourth variety of myelogenous sarcoma is met with

chiefly in advanced life, and takes the form of multiple whitish
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spots that are not sharply differentiated from the surrounding tis-

sues. They appear most frequently in the bones of the skull

(Fig. 143) and of the trunk, though sometimes nearly all the
bones of the skeleton are affected. The bony tissue is destroyed
at the spots where the tumour is developing, and but little new
bone is produced. Cases however do occur, in which the produc-
tion of new bone is so excessive as to present the appearance of
eburnation. The cranial bones (Fig. 143) and the bones of the

spinal column, the pelvis, the ribs, etc. may be beset with well-
defined excavations of various sizes, with eroded borders, the
tumour itself rising little if at all beyond the edge of the pit.
This peculiar growth is a small-round-celled sarcoma, with the
structure of a soft lympho-sarcoma, and like the latter is referred
to as myeloma.

Fro. 143. MULTIPLE MYELOMATA OF THE CRANIAL VAULT.

(Reduced to two-thirds of the natural size)

Periosteal sarcomata are soft or firm new-growths, of the

round-celled, spindle-celled, or polymorphous-celled type; the last

two forms are the more common. They may occur in any part of

the skeleton, the denser varieties affecting by preference those

situations in which fibromata are usually found. No sharp dis-

tinction can be drawn between fibromata and periosteal tumours
of'this kind. They are usually seated upon the sides of the bone,

though they sometimes entirely surround it. Bony tissue is often

produced in them, especially in the parts immediately adjacent to

the old bone. In certain cases the entire tumour is permeated by
osseous trabeculae ;

of these some lie loose in the tissue, while

others are framed together and form a kind of skeleton for the

tumour, the spicules springing in radial lines and plates from the
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old bone (Fig. 137). The last-named variety is called osteosar-

coma, or ossifying sarcoma.
Sarcoma of bone, and in particular the softer varieties, may

give rise to metastases both in the bones and in other organs ; but

it is rare for sarcoma starting as a primary growth in other organs
to give rise to metastases in the bones.

Chondrosarcomata and chondro-osteosarcomata occur as

intermediate or mixed forms.

Pure angiomata are very rarely met with in bone ; but many
sarcomata, especially the myelogenous kinds, contain telangiectatic

portions. If the vessels of the new-growth are very abundant,
the tumour may during life exhibit pulsation. Haematomata
are occasionally produced by haemorrhages into the tissue of the

tumour, or into cysts due to local softening of it.

Carcinoma of bone is never primary, though it is common as a

secondary growth, and arises either by the direct invasion of a

carcinoma growing in the neighbouring soft parts or by metastasis

from remoter organs. Invasion by direct extension is exemplified
in the case of the skull, the sternum, and the parts of the ribs

lying directly beneath the mamma, i.e. in the bones adjacent to

favourite seats of carcinoma. Metastatic growths are of course

met with in the most diverse situations.

Carcinomatous growths take the form either of circumscribed

nodes or of diffuse infiltrations ; in the latter case they often give
rise to extensive destruction of the bone.

Cancerous infiltration is usually accompanied by marked pro-
liferation of the periosteum and of the marrow, and the sub-

stance of the bone is destroyed by a process of lacunar resorption.
The bone is thus gradually replaced by a cancerous tissue whose
characters correspond generally with those of the parent tumour,

though sometimes it exhibits peculiarities referable to the seat of

its metastatic development. In hard or scirrhous carcinomata, nu-

merous uncalcified or osteoid trabeculae, together with calcified

osseous tissue, are formed in the fibre-cellular stroma derived

from the periosteum and the bone-marrow. The place of the old

bone is thus at length occupied by osteoid tissue and more rarely

by calcified bone, containing cancer-nests in the medullary spaces.
As but few of the new trabeculae are calcified, the bone at times

presents an appearance similar to that seen in osteomalacia, and

accordingly the term carcinomatous osteomalacia is sometimes

applied to this condition. In medullary carcinoma new. bone is

rarely formed, and the process takes the form of a carcinomatous
caries.
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References on Tumours of Bone (see also Art. 57).

BAUMGARTEN: Sarcoma V. A. 76 1879
VONBERGMANN: Exostosis bursata Petersburg, med. Woch. 1876
BILLROTII: Sarcoma Beitr. z. path. Histol. Berlin 1858; Alveolar sarcoma

Langenbeck's Arch, xi 1869
BOUISSON : Pulsatile tumours These Paris 1857
CARKERA : Essai sur les tumeurs Jibropldslit/ues des on Paris 1855
DRIESSKN: Endothelioma of the bones Zieyler's Beitriige xn 1893 (with refer-

ences)
FEHLEISEN: Exostosis bursata Arbeit, chir. Klinik von Bergmann Berlin 1886
FRANCOIS : Enchondroma of the pelvis These Paris 1876
GENTILHOMME: Pulsatile tumours of the bones These Paris 1863
GRAWITZ: Sarcoma V. A. 76 1879
HAMPER: Primary sarcomatous ostitis V. A. 137 1894 (with references)
HEYKEI.DER: Fibroma V. A. 111856
HILDEBRAXD : Endothelioma of bone D. Z. f. Chir. 31 1891
KLEBS: Chondroma V. A. 31 1865
LAMBL: Sarcoma V. A. 81855
LUCRE: Ossifying angioma D. Z.f. Chir. 30 1889
MARKWALD: Multiple myeloma (endothelioma) Cent. f. allg. Path. 1894

(p. 859)
MULLER, FR. : Ueber die ereclilen Knochentumoren Freiburg 1855
NASSE : Sarcoma V.A.M 1883
NAUWERCK, G. : Central hyperplastic angioma of the femur V. A. Ill 1888
NELATON : Tumeurs a myefoplaxet Paris 1860
NOTHXAGEL: Lytnphadenia ossium Virchow's Festschrift (internationalc) 1891
ORLOW: Exostosis bursata D. Z.f. Chir. 31 1890
PUJO : Des tumeurs primaires des os Montpellier 1871
vox RECKLINGHAUSEN: Multiple enchondromata of the bones etc. I'. A. 118

1889; Mutual relations of osteomalacia. osteoplastic carcinoma, etc. Vir-

chow's Festschrift (Assiatenten) Berlin 1891
RICIIET : Haematoma .4. gen. de nle'd. iv 1864
RUSTIZKY: Sarcoma D. Z.f. Chir. 3 1873
SAUHEI. : Mem. sur les tumeurs ties gingires connues sous le nom d't-'pulis Paris 1858
SCHLAPFER, E. : Das Kippenchondrom Leipzig 1881
SENKTI.EBEN : Fibroma and sarcoma Langenbeck's Arch, i

SPIKGELBEKG: Multiple sarcoma of the bones Innug. Diss. Freiburg 1894
STEUDEL: Multiple enchondromata Beitriige ron Bruns vin 1891
VERNEUIL and MARCHAXD: Art. Moelle Diet, encyclop. des sci. med. '2nd series

ix 1875
VIRCIIOW : Chondroma Deutsche Klinticl&G*, Monatsber. d. Akad.d. ll'/xx. Berlin

1875, and Die krankhaflen Geschiriilstf ; Sarcoma Deutsche Klinik 1858. 1860
VOLKMANX: Pilha and Blllroth'l Handb. d. ('hit: n 1872
WARTMANN: Rech. sur I'enchondrome Paris 1880 (with references)

WEBER, C. O. : Die Exostoten und Knchondrosen Bonn 1856, V. A. 3") 1865
WKISKLOG: Callus-tumours Beitriige ron Bruns x 1893
"\VIKI.AND : Primary multiple sarcomata of the bones Inaug. Diss. Basle 1893

1878
ZAUN : Sarcoma D. Z.f. Chir. '2'2 1885
ZIKJ;I,KK: Myxoma and chondroma I'. ,1.73

63. The cysts that are met with in bones are almost always
of the variety known as cysts of disintegration, being due to the

dissolution and liquefaction of the trabeculae and marrow of the

bone, or of tissue newly formed within it. To the former class

belong the cysts already mentioned as arising in the course of

osteomalacia, to the latter the cysts formed in osseous tumours.
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Disintegration and liquefaction are very common in the

substance of myelogenous tumours, fibromata, osteo-fibromata,

chondromata, myxomata, and sarcomata. Cysts are thus pro-
duced, containing a liquid which may be turbid from the presence
of cellular detritus or of blood and the products of its disintegra-

tion, clear, mucoid, or more like serum in character. As we have

already stated, tumours in bone, and particularly sarcomata, may
in this way be almost entirely destroyed, leaving only multiloc-

ular cysts with an enveloping layer of bone and periosteum, the

interlocular septa being composed partly of sarcomatous and con-

nective tissue and partly of bone.

Maxillary cysts are peculiar growths affecting the alveolar

processes of the upper and lower jaws : they will be referred to in

relation to the morbid anatomy of the mouth (Art. 181).
Of the animal parasites, Echinococcus and Cysticercus cellu-

losae are found in the bones.

The former is most frequently met with in the long tubular

bones, but it occurs also in the pelvic, cranial, and vertebral bones,
arid in the phalangeal bones of the fingers.

The Echinococcus or hydatid occurs both in the form of single

cysts and in that of internal or external daughter-cysts. The

hydatid in bone, as in other organs, may reach a considerable size.

By the formation of numerous exogenous cysts a bone, such as the

femur or tibia, is sometimes thickly studded with hydatid vesicles,

while others grow up beneath the periosteum. The presence of

the enlarging cysts causes pressure and consequent atrophic

resorption of the bone. When the hydatids are multiple and

numerous, the intervening osseous tissue often becomes necrotic.

Large cysts or a collection of numerous small cysts may, like

neoplastic growths, cause distension or ' inflation
'

of the bone.

Cyaticercus cellulosae is of the rarest occurrence in bones.

References on Cysts of Bone.

BosTROiM : Festschr. d. Naturforscherversammlung Freiburg 1883
FRORIEP : Chirurg. Kupfertafeln plates 438-440, and 474 Weimar 1820
SCHLANGE : Cysts of the tibia A.f. klin. Chir. xxxvi 1887
SCHNEIDER : The theory of bone-cysts Inaug. Diss. Berlin 1886
SCHUH : Die Erkenntniss d. Pseudoplasmen Vienna 1851
VIRCHOW: Monatsber. d. Akad. d. Wiss. (phys.-math. series) Berlin 1876
VOLKMANN : Pitha and Billroth's Handb. d. Chir. II

ZIEGLER : Subchondral changes in arthritis deforraans and cysts of bone V. A.
70 1877

References on Hydatids of Bone.

HAHX : Berl. klin. Woch. 1884
MULLER : Beitrage von Bruns n 1886
NEISSER: Die Echinokokkenkrankheit Berlin 1877
RESZEY: D. Z.f. Chir. vn 1877
SCHNITZLER : Echinococcus of bone Internal, klin. Rundschau 1892
VIRCHOW : V. A. 79 1880
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CHAPTER XXI

DEGENERATIONS OF THE JOINTS AND SYNARTHROSES

*

64. The primary mode of union between the several hones of
the skeleton is by synarthrosis. In this form of articulation two

parts of the skeleton are united by tissue differing from either

part, but continuous with both. The uniting tissue is developed
from the plastic germinal material that is not destined to be
utilised for bone-formation. When the connexion between two
bones is effected by means of fibrous tissue, we have a syndesmo
sis; of this nature are ligaments, interosseous membranes, and
sutures. If the uniting tissue consists of cartilage, the joint is a

true synchrondrosis; if partly of cartilage and partly of con-

nective tissue, it is described as a false synchrondrosis. When
at a later stage bone is developed in and extends across the syn-
desmosis or synchondrosis, so that bones previously separate are

united by osseous tissue, the result is called synostosis.
When a cavity developers between two adjacent parts of the

skeleton, in such a manner that the contiguous ends of the bones

are separated by an empty space, and are united only on the exte-

rior by fibrous tissue, we have a movable joint or diarthrosis. The

portions of the bones next to and bounding the joint-cavity are

always covered with cartilage. The fibrous connexion between

the bones, the articular capsule, consists of an outer layer of firm

fibrous texture, the capsular ligament, with a thin inner layer of

soft and highly-vascular connective tissue, the synovia! mem-
brane, which is lined on its inner surface with a layer of flat cells,

and secretes a lubricating liquid, the synovia. In many places
the synovial membrane is thrown into folds and villous processes.

The degenerative changes that affect joints and synarthroses

usually concern the cartilage, though they may extend to the con-

nective-tissue components also.

Fatty changes not infrequently occur in the cartilage of the

diarthroses and synchondroses, oil-globules appearing in the car-

tilage-cells. The degeneration supervenes botli in states of gen-
eral malnutrition (as in old age), and in local disorders of nutrition

brought about by disease of the vessels of the part, by inflamma-

tion, and the like. In aged persons the capsule and the cells and

matrix of the cartilage may likewise undergo a form of hyaline
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degeneration, the cartilage with its cells fusing into a homogene-
ous mass or breaking up into hyaline flakes. The change is looked

upon as of the nature of amyloid degeneration, inasmuch as the

degenerate parts give the characteristic amyloid reaction with
iodine (VmcHOW) and methyl-violet (WEICHSELBAUM). Cal-

careous deposits are met with chiefly in old age and in con-

nexion with chronic inflammatory disease, and appear mainly
about the margins of the articular cartilages, in places where the

matrix is already in process of fibrillation and degeneration.
After haemorrhages near the cartilage, and in extreme jaundice,

amorphous and crystalline masses of haematoidin are apt to be

deposited in its superficial cells. In rare cases diffuse patches of

brown or dusky discoloration appear in the cartilage : this condi-

tion, known as ocbronosis (w^/oo? yellow, i/ocro? disease), results

from the saturation of the matrix with a colouring matter whose
source is still a matter of dispute.

In gout (Art. 70) chalky masses of urates in the form of

acicular crystals (Fig. 144) are deposited in the matrix and cell-

capsules of the cartilage.

FIG. 144. DEPOSIT OF NEEDLE-LIKE CRYSTALS OF SODIUM UBATE IN AN ARTICULAR
CARTILAGE.

(After LANCEREAUX : x 200)

In the degeneration usually spoken of as mucoid softening,
the cartilage assumes a fibrillar appearance (Fig. 145 6), probably
because the cementing substance between the fibrillae of the

matrix is liquefied, and so acquires a different refractive power.
In a section parallel to the general direction of the fibrillae the
matrix presents the appearance of fine striation (6) ; in transverse

section it appears minutely punctate (cZ). Frequently with the

striation is associated cleavage of the matrix into larger fibrous

fasciculi (Art. 73), or disruption into fragments of various size

(<7), which are later on broken up into comminuted granular
masses and then dissolve entirely. The substance of the cartilage

may also, without antecedent fragmentation, become turbid and

disintegrate into a mass of molecular detritus.

In many cases the cells of cartilage in process of softening are

entirely destroyed, after undergoing degenerative transformations
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of various kinds, but chiefly fatty changes. Not infrequently, how-
ever, proliferation takes place at the same time, and this leads to
the formation of groups of cells (<?) enclosed within a common
mother-capsule.

Softening of cartilage is of very frequent occurrence in old age;
it is most commonly observed in the costal cartilages. The cut
surface of the fibrillated matrix has a grey translucent appearance;
but when calcification is associated with the softening the section
is white and opaque. When in particular spots the cartilage is

completely dissolved, cystic cavities filled with liquid are formed.
Softening also not infrequently takes place, in advanced age,

in t)ie articular cartilages and in the synchondrosea, both on the

Fio. 145. SKNILR SOKTKNINU OF CARTILAOK.

(Section from a costal cartilage: preparation hardened in Matter's fluid, stained with
picro-carmine, and mounted in ylycerine : X 200)

a hyaline cartilage
b fibrillated matrix
c group of proliferous cartilage-cells

turbid and granular matrix

e remains of the liquefied matrix
/ liberated cartilage-cells

g matrix broken up into fragments

surface and in the layers nearest the bone. It very frequently

accompanies chronic inflammation, and plays a very important

part in the several forms of chronic arthritis (Arts. 71-74).
If the softening cartilage is so situated that vascular tissue is

able to grow into it from adjacent parts, as when it adjoins the

bone-marrow or the perichondrium, its loss of substance is sooner

or later made good by new-formed vessels and cells ;
and thus in

the place of the tissue destroyed marrow and even bone is ulti-

mately formed. Costal cartilages containing softened patches in

their interior are for this reason often found to be also in part
ossified.
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Cartilage is very resistent to pressure. Hence aneurysms of

the aorta which press against the vertebral column or the ribs,

and thereby cause destruction of the bone, make no visible im-

pression upon the cartilage. Under very long-continued morbid

pressure the cartilage may, however, become fibrillated and ulti-

mately converted into fibrous tissue. In like manner the con-

tinued absence of a pressure that is normal causes the inactive

cartilage to become cloudy and fibrillated.

Purulent and granulative inflammations easily lead to erosion,

caries, and necrosis of the cartilage.
The fibrous components of the diarthroses and synarthroses

are subject to changes analogous to those observed in cartilage.

Fatty degeneration of the cells, pigmentation, amyloid degenera-
tion (WEICHSELBAUM), calcification, incrustation with urates,

disintegration, and ulceration, all occur in these tissues under the

same conditions as in cartilage.

References on Degenerative Changes in the Articular and
other Cartilages.

BOSTROM : Ochronosis of cartilage Virchow's Festschrift (Internationale) n 1891
ECKER: Softening of cartilage A.f. physiol. Heilk. n 1843
FLESCH : Unters. iiber die Grundsubstanz des hyalinen Knorpels Wurzburg 1880
GURLT: Beitrage z. pathol. Anat. d. Gelenkkrankheiten Berlin 1853
MOLL : Exper. Unters. iiber den anatomischen Zustand d. Gelenke bei andauernder

Immobilisation derselben Berlin 1885
SOLGER : Optical behaviour of articular cartilage after treatment with alcohol

V. A. 102 1885; Circumcellular and intercellular deposits in cartilage

A.f. mikrosk. Anat. xxxiv 1889
TILLMANS : Structure of cartilage A.f. Anat. 1877
VIRCHOW: Amyloid degeneration of cartilage Wiirzburg. Verhandl. vn, V. A. 8

1855; Softening of cartilage V. A. 4 1852; Ochronosis V. A. 35 1866
ZAHN: Pigmentary deposits in cartilage V. A. 72 1878

65. When the matrix of the cartilage undergoes softening
and dissolution, its cells retaining their vitality, blood-vessels

sometimes penetrate into the softened region at the same time or

soon afterwards. Under these conditions the cartilage-cells may
continue to live (Fig. 146 c), and by their proliferation and

metaplasia form an integral portion of the tissue which ulti-

mately takes the place of the cartilage.
Mucoid tissue is that which is usually formed by the meta-

plasia of cartilage. It consists of a network of stellate cells

(J), in the meshes of which is a liquid containing mucin. If at a

later stage cells brought by the blood, or introduced from pro-
liferous tissue in the neighbourhood, collect in the interstices of

the cellular network, the tissue acquires more and more the char-

acters of lymphoid marrow. It is partially changed into fatty
marrow by the conversion of the cells of the network into

fat-cells. When the tissue becomes markedly fibrillar, its texture

resembles that of fibrous connective tissue.
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Metaplasia occurs very frequently in the articular cartilages,both as an idiopathic (generally senile) disorder of nutrition and
as an accompaniment of various chronic inflammatory processes.

If the cartilage is freely permeated by medullary spaces con-
taming blood-vessels extending from the adjacent marrow-tissue,
the intervening cartilaginous bridges and cancelli are often con-
verted directly into osseous trabeculae. In this manner the
cartilage is replaced by cancellous bone.

In many chronic disorders of nutrition affecting the joints and
synchondroses, the hyaline cartilage is converted directly into

fibre-cartilage, and ultimately into ordinary connective tissue,
whose fibres are arranged in parallel, wavy, or interlacing bundles.

FlO. 146. 31KTAPLA.SIA OF < AKTII.AliK INTO MIC oll> TISSI'K IN M'M.or* AK1 HKITI8.

(Preparation hardened in Mailer's fluid, stained with haematori/lln, and mounted
in Canada balsam : X 400)

a hyaline cartilage c cartilage-cells liberated by the dissolu-
b tissue composed of stellate cells tion of the matrix, and converted into

mucoid tissue

This is especially the case in chronic rheumatic polyarthritis

(Art. 74), and in tuberculous disease of the joints during the

process of repair.

Changes similar to those just described in reference to car-

tilage take place in the fibrous structures of the joints, syndes-
mqses, and sutures. Thus, for example, the villous synovia!

fringes may be converted into adipose tissue, by free assimilation

and inclusion of fat into their substance. Ossification takes place

chiefly in the sutures, where it is indeed a physiological process.
It is to be regarded as pathological only when it takes place

prematurely, or where it occurs in syndesmoses that normally
remain unossified throughout life.
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CHAPTER XXII

REGENERATION AND HYPERTROPHY IN JOINTS

66. Regenerative proliferation takes place both in the car-

tilaginous and in the fibrous components of the joints, but attains

any considerable extent in the latter only. The restoration of

cartilage that has once been destroyed is usually very imperfect.

Hypertrophic proliferation may occur in the articular car-

tilage as well as in the fibrous tissues of the joint, and in both is

apt to attain considerable dimensions. The overgrowth may be

general or local : in the cartilage it gives rise to nodose or tuber-

ous prominences, in the articular capsule and the synovial mem-
brane to diffuse thickenings or to papillary excrescences. These

overgrowths are the most characteristic appearances of the disease

known as chronic arthritis deformans (Art. 73). For the rest,

hypertrophy of the fibrous structures appears for the most part
in connexion with ordinary articular inflammations, and in the

course of tuberculous arthritis. It results in the formation of

new connective tissue, and sometimes of cartilaginous and osseous

tissue.

When a costal cartilage is injured in any manner, none but

degenerative changes are usually induced at the seat of the lesion.

These consist in swelling of the cells, vacuolation, granular tur-

bidity, fatty degeneration, and disintegration. Only in rare

instances, and then only in young persons, does proliferation

appear in proximity to the zone of degeneration, and it is always
confined within narrow limits. The fracture of a costal cartilage
does not heal by regenerative proliferation of the cartilage itself,

the broken ends being united only by means of proliferation

starting from the perichondrium ; this produces fibrous tissue

and bone, but never cartilage.
If a fragment of cartilage within a joint is detached by vio-

lence, the defect thereby caused is never, or at most very imper-

fectly, made good by new cartilage. When the defect extends to

the spongy tissue of the bone, or approaches the periosteum, the

hiatus is filled up with new connective tissue, though even then
a depression usually remains at its site. The like happens when
the fracture involves both bone and articular cartilage.

Loose fragments of cartilage detached from the articular sur-

face, or loose fragments of bone covered with cartilage, do not
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as a rule unite again with the original surface of rupture, but
either form loose bodies that are movable within the joint, or
become attached to the synovial membrane by new-formed vas-
cular connective tissue, which covers them over with a fibrous

envelope (Art. 67).
When a joint is subjected to traumatic violence, the capsule is

either bruised and overstretched, or its continuity is broken by a
more or less extensive rent. In sprains, the ligaments are over-

stretched and forcibly elongated, and some of their fibres are

ruptured. In traumatic luxation or dislocation the articular

ends of the bones are either completely or partially (as in subluxa-

tion) displaced from their normal positions, and their mutual rela-

tions are disturbed. Such displacements are of course possible

only when they are accompanied by considerable laceration of the

soft tissues. In complete dislocation the laceration is so exten-

sive that the head of the bone escapes through the rent in the

articular capsule. Occasionally the articular cartilage and the

bone are injured at the same time (complex dislocation).
The first results of the injury are<, as in fracture of bone, more

or less severe haemorrhage from the torn vessels, and subsequent
inflammation ; these give rise to effusion into the joint, and to

infiltration of the articular capsule and the adjoining tissues.

If the injury is not complicated by septic infection, which is

especially liable to occur in articular injuries and luxations asso-

ciated with penetrating wounds of the skin, the inflammation at

no time reaches a high degree of severity, and sooner or later

passes away, the extravasated blood and the inflammatory effusion

being re-absorbed. Only in very rare cases do small residues of

the extravasation and effusion remain unabsorbed, and these, by
the action of immigrant cells, are afterwards converted into loose

seed-like bodies of firm texture, resembling that of dense fibrous

tissue (Art. 77).
When a dislocated limb is promptly returned to its proper

position, regenerative processes are very soon set up in the capsule:
the rent in the capsule is thus repaired and the ruptured liga-

ments are reunited. The new-formed material is plastic cellu-

lar tissue, which in course of time is converted into connective

tissue resembling that of the rest of the capsule. An excess of

new tissue is at first thrown out ;
but after the lapse of months

or years the capsule generally resumes its normal appearance.
Lesions of the articular structures produced by sprains, contu-

sions, penetrating wounds, etc., and ruptured synarthroses, are

repaired in a similar manner. Any tissue that has been killed

outright by the injury or has undergone necrosis is resorbed.

Simultaneous fissures or fractures of the intra-articular parts of

the bones heal in the manner already described in Art. 45.



252 REGENERATION AND HYPERTROPHY IN JOINTS [CHAP. XXH

References on the Repair of Injuries to Cartilage.

EARTH: Regeneration of hyaline cartilage Cent. f. med. Wiss. 1869
BOHM : Normal and morbid anatomy of the joints Inaug. Diss. Wiirzburg 1868
EWETZKY: Inflammation of cartilage Unters. Zurich, pathol. Inst. in Leipzig

1875
FLESCH : Grundsubst. d. hyalinen Knorpels Wiirzburg 1880
GEXZMER: Cicatrisation of cartilage-wounds V. A. 67 1876
SCHWALBE : Sitzungsber. d. Cesellxch. f. Med. u. Naturwiss. Jena 1878
SPITE : Fractures complique'es des cartilages diarthrod. Paris 1881
TIZZONI : Pathological histology of cartilage A . per le scienze med. n 1877

67. When the ends of two bones lying within a joint are

removed by resection, and the cut surfaces are firmly and rigidly

apposed, proliferation promptly sets in about the site of the

operation, provided septic infection be excluded. The changes
thus induced are similar to those attending simple fracture, differ-

ing only in the fact that the production of plastic or germinal
tissue is confined within moderate limits. If the bones are in the

end firmly and permanently united by tissue springing from the

periosteum and the bone-marrow, the result is termed ankylosis.
When the uniting substance consists merely of connective tissue,

we have fibrous ankylosis ; when bone also is formed in it, the

term bony ankylosis is applied to the union.

If the resected ends are not kept rigidly apposed, 'and relative

movement is permitted, the two bones will ultimately become
united by flexible tissue. This leaves them free to move one

upon the other, and accordingly a more or less perfect new joint,
or nearthrosis, is produced between them.

Osseous resorption and apposition ensue in the resected ends,
and the bones are thereby to a varying extent altered in form.

In certain cases the ends, in the course of some months, assume
forms whose configuration somewhat resembles that of the normal

joint-surfaces.
At an early stage the free surfaces of the bones are covered

over, from the periphery inwards, with connective tissue derived
in part from the bone but mostly from the periosteum. The

opposed layers of connective tissue sometimes become coherent,
and thus, if the joint is kept fixed in one position, establish a firm

union between the ends of the bones. In certain cases, if suitable

relative movements of the bones are kept up, a cavity is formed
between them. The cavity has smooth- walls, and is either single
or subdivided by membranous adhesions. Such a cavity fulfils

the function of a new joint-cavity, and sometimes even contains a

liquid resembling synovia.
The connective tissue that covers the ends of the bones is

usually firm, dense, and fibrous. In young persons, hyaline carti-

lage and fibro-cartilage are sometimes developed in it.(LucKE,
CZERNY, WEICHSELBAUM). In some cases this formation extends

over the larger portion of the free surfaces.
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After resection of the head of a bone, its socket or acetabnlura
being preserved, changes analogous to those above described occa-

sionally take place.

References on the Formation of New Joints after Resection.

BA.IARDI : A. ital. de biol. i 1882
BECK: Langenbeck's Arch, v 1864
CZERNY : ibidem xm 1871
DOUTRELEPONT : ibidem vi 1865, fieri, klin. Woch. 1867
JAGETHO: D. Z.f. Chir. 4 1876
VON LANGENBECK: Langenbeck's Arch, in, xvi; Deutsche Klinik xvi 1864
LlJCKE : Langenbeck's Arch, xvi 1874
OUCIER: Traite' de la regeneration des os II Paris 1867, Bulletin Soc. de chir vin

Paris 1882
SACK : Regenerative processes in the hip-joint after resection D. Z. f. Chir. :J2

1891
SANDER : Langenbeck's Arch, xi 1869
SHOEMAKER: Langenbeck's Arch, xvn 1875
WAGNER : Ueber den Heilungsprocess nach Resection der Knochen Berlin 1853

(trans, by HOLMES: Process of repair London 1859)
WEICHSELBAUM : Langenbeck's Arch, xvi 1874

68. When large portions of the tissues of a joint are destroyed
by inflammation or other morbid process, while (at the same time
or subsequently) other portions undergo proliferation, an intra

capsular ankylosis may be formed, and the ends of the bont-s

are thereby fixed in one position. If the bones are absolutely

Wti ,-'W* F rrM
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Fio. 147. PRELIMINARY STAOB OF FIBROUS INTRKCARTILAOINOUS ANKYLOSIS.

(Section through the connective tissue growing over and adherent to thf articular carti-

lage, with metaplasia of the surface-layers of the latter into muctiid and conn-ti>-r

tissue: from a cage of tarsal tuberculous arthritis and periarthritis : preparation
hardened in Mailer's fluid and alcohol, stained tcith haematorylin and carmine, and
mounted in Canada balsam: x 100)

hyaline cartilage
l

i
mucoid tissue

c Cj hyaline r.-irtilajre persisting
'between tin- ingrowths of

mucoid tissue

d connective tissue

e/bhxHl-vesseta mndprolifer-
uus cells
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fixed we have complete or true ankylosis ; if some movement is

still possible, partial or spurious ankylosis is the result.

Such ankyloses are generally formed in the following manner.
From the sides of the joint connective tissue grows over the

morbidly-altered articular surfaces of the bones, and that which
covers one bone becomes adherent both to the surface underlying
it and to the tissue covering the opposite articular surface. If by
the antecedent disease the articular cartilage has been only par-

tially destroyed, so that the bones are still in part covered with

cartilage, the vascular connective tissue (Fig. 147 ef) growing
over the articular surfaces becomes attached to this cartilage (a).

FIG. 148. FIBROUS INTERCARTILAGINOUS ANKYLOSIS.

(Sectionfrom the tibio-tarsal joint : preparation hardened in Mutter's fluid and alcohol,

decalcified with picric acid, stained with haematoxylin and carmine, and mounted in
Canada balsam : x 12)

a cancellous tissue of the tibia
b cancellous tissue of the astra-

galus
c Cj newly-formed osseous tissue
d osseous tissue in process of for-

mation

bone-marrow rich in vessels and cells, but

containing no fat
vascular connective tissue derived from

the articular cartilage
i remains of the articular cartilage
nbrillar cartilage

Usually the matrix of the subjacent 'cartilage undergoes dis-

solution (<? tfj),
and the cartilage is first transformed into mucoid

(b 5j) and finally into connective tissue. The cartilage may also,

by fibrillation of its matrix, be converted directly into connective

tissue. By these means a fibrous intercartilaginous ankylosis
is produced (Fig. 148). If the amount of connective tissue

uniting the cartilages is very small, the condition might be

described as cartilaginous ankylosis.
Should the articular cartilage have been entirely destroyed
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by antecedent disease, new connective tissue derived either from
the sides of the joint in the manner just described, or directly from
the bone-marrow itself, may unite the exposed bony surfaces. In
either case a fibrous interosseous ankylosis takes place.When the cartilage is only in part destroyed, so that car-

tilaginous islands remain, the adhesions produced by proliferation
from the sides of the joint and from the bone-marrow give rise to
a fibrous ankylosis that is partly interosseous and partly inter-

Fio. 149. COMPLETE BONY ANKYLOSIS OF THE HEAD or THE FEMUR WITH
THE ACETABULUM.

(Due to inflammatory destruction of the articular cartilage*: reduced to two-third* of
the natural size)

a femur e ilium
6 trochanter major /
c neck of the femur g
d deformed and depressed epipbysis of the

head of the femur

os pubis
osseous buttress between the overhang-

ing margin of the head of the femur
and the shaft

cartilaginous (ankylosis fibrosa partim interossea partim inter-

cui-tilaginea).
Destruction of the articular cartilage may be followed by the

production, over the exposed spots, not only of connective tissue

but of bone ; and if the new osseous tissue unites the opposed
ends of the bones, bony ankylosis is the result (Fig. 149).
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The new bone may be produced directly from proliferous germi-
nal tissue or by the secondary ossification of an existing fibro-

cartilaginous ankylosis (Fig. 148 d). The bony connexion some-
times consists of a few bars or bridges of bone crossing the

joint-cavity, or the latter may be so far obliterated that the can-

celli of the articular head of the bone (Fig. 149 d*) run into and
are directly continuous with those of the socket (<?/). The fusion

is occasionally so complete that the site of the joint-cavity almost

ceases to be traceable.

The different varieties of intra-capsular ankylosis may com-

bine, giving rise to mixed forms in which the uniting medium
consists of bone, cartilage, and connective tissue. Under certain

conditions the articular ends of bones are greatly deformed by
osteogenic proliferation, whereby their normal range of move-
ment becomes more and more limited, and finally ceases alto-

gether, the bones becoming immovably locked. This occurs in

arthritis deformans (Art. 73), and might be described as anky-
losis from deformity.

Joints also become immovable, or movable only with difficulty,
from the thickening and shrinking of the capsule. Such an immo-
bilisation of the joint, which occurs chiefly in the case of the

fingers, is best described by the term capsular ankylosis.

Changes in the parts about a joint, such as fibroid induration

of the connective tissues, adhesion of tendons and muscles, new-
formation of osteophytes and spicules of bone, muscular paralysis,
etc., are apt to impair or abolish its mobility, and produce what

might be described as extra-capsular ankylosis, or, where

shortening and rigidity of the muscles and ligaments are the

primary causes, as articular contracture.

HUTER describes all impairments of the mobility of the joints as con-
tractures, and according to their mode of origin distinguishes them as

arthrogenous, myogenous, or cicatricial. The myogenous forms are due to

changes in the muscles
;
the cicatricial forms to contraction and induration of

the para-muscular, para-tendinous, and subcutaneous connective tissue; the

arthrogenous forms to various diseases of the joints, and particularly to
inflammation.

References on Ankylosis.

ALBERT : Med. Jahrb. in 1873
HUTER : Klinik. d. Gelenkkrankheiten Leipzig 1876-78
KOSTER : Verh. d. Wiirzburger med.-phys. Gesellsch. 1872
LUCRE: Langenbeck's Arch, in 1862
MARSH: Bony ankylosis B. M. J. n 1895
MARTINI : Cent. f. med. Wiss. 1872
PASCHEN: D. Z.f. Chir. 1874
VOLKMANN : Pitha and Billroth's Handb. d. Chir. n 1872
WEBER, O. : V. A. 13 1858
WILLEMS : Cartilaginous ankylosis Inaug. Diss. Bonn 1880
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69. An unreduced dislocation, in which the displaced limb
remains permanently in an abnormal position, results in changes
within the affected joint of a kind varying with the malposition
and other relations of the parts.

The socket or articular end of the bone, from which a distal

bone has been dislocated, becomes covered over with connective
tissue derived mainly from the torn capsule, but partly also from
the soft parts about the affected joint. The connective tissue

adheres to the cartilage, and this in course of time itself under-

goes fibrillation, its surface layers being gradually converted into

Fio. 150. NEARTHROSIS OF THK HIP.

(Reduced to one-half the natural size)

a old acetabulum which has become shallower b new articular cavity

connective tissue which fuses with the new connective tissue over-

lying it. The depth of the articular cavity is at the same time

diminished by the apposition of new bone in its central portion

(Fig. 150 a).
A similar fate may befall the proximal end of the dislocated

bone, should it remain free in the soft tissues and out of con-

tact with some other bony surface. If, however, it is pressed

against bone, proliferation may ensue, and lead either to ankylosis

(Fig. 151) or to the formation of a new joint (Fig. 150 6).
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At the point of contact with the dislocated bone, the proximal
bone becomes foveolated or dinted, by a process of resorption akin

to atrophy from pressure. The excavation however is usually

very slight, and may be entirely absent (VON LANGENBECK).
Very soon after the dislocated bone is forced against it, the peri-
osteum near the spot that is pressed upon begins to proliferate,
and after the lapse of some weeks a bony ridge is thrown up round
the articular head of the dislocated bone. In this way is formed
a new glenoid or acetabular cavity, which is covered externally by
the fibrous layer of the periosteum (Fig. 150 b).

FIG. 151. BONY ANKYLOSIS OF THE LOWER JAW.

(The condyle of the lower jaw is united icith the anterior surface of the tuber articulare

of the glenoid cavity : from a case of unreduced dislocation)

While this process is going on in the proximal bone, a fibrous

envelope is gradually formed about the head of the distal bone,

partly by the remains of the old capsule and partly by the sur-

rounding soft parts. This envelope becomes adherent, to the

surface of the proliferous periosteum, and thus a new joint-capsule
is fashioned. If the dislocated bone remains unmoved while the
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above^described changes are proceeding, firm fibrous or osseous

ankylosis takes place between it and the supporting bone (Fig.
151), part of the articular cartilage being converted into fibrous

or even into osseous tissue. If the dislocated limb is subjected
to movement during the period of repair, a more or less perfect
nearthrosis may be produced (Fig. 1506). In this case the sur-

faces of the old articular head and of the new socket remain free

from adhesions, or at least these are but scanty and loose enough
to allow of some mobility in the new joint. At the same time

the free surface of the new socket becomes smooth, while the free

portion of the articular cartilage is preserved, or converted into

ebuwiated or sclerotic bone. Between the two is formed a joint-

cavity bounded by the new articular capsule. This cavity is lined

with flat connective-tissue cells, and contains a viscid liquid or

synovia. Cartilage is occasionally produced in the new connec-

tive tissue of the socket, so that the structure of the new joint

ultimately approximates closely to that of a normal joint.

References on the Formation of Nearthroses.

BAJARDI : A . per le scienze med. iv. Oxserratore xv Turin 1879
BILLROTH : Allgem. chir. Pathol. Berlin 1883
VON FRORIEP: Veraltete Lurationen Weimar 1834
GRINEWSKY: Cent.f. Chir. 1879
HtfTER : Klinik d. Gelenkkrankheiten Leipzig 1877
ISRAEL: Langenbeck's Arch, xxtx 1883
KIJSTER: ibidem xxix 1883
VON LANGENBECK : Deutsche Klinik i 1864
MALGAIONE: Traite des fractures et dts luxations u Paris 1855
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CHAPTER XXIII

ACUTE AND CHRONIC INFLAMMATIONS OF JOINTS

70. Acute inflammations of joints may be traumatic, haema-

togenous, or secondary to affections of the contiguous structures.

In the latter case they are most usually the sequelae of inflam-

matory infective diseases of the bones. The haematogenous
varieties also are usually of an infective nature, and occur chiefly
in connexion with such diseases as articular rheumatism, pyaemia,

erysipelas, scarlatina, measles, typhoid fever, pneumonia, dysen-

tery, and gonorrhoea. Articular inflammations are indeed pa-

thognomonic of acute polyarthritic rheumatism. In the other

infective diseases, articular inflammations are due to some excep-
tional action of the specific poison, or to secondary pyaemic
infection. In the particular pyaemic infection known as septic

osteomyelitis and periostitis, the articular inflammation appears
either simultaneously with the disease of the bones, or only as a

secondary result of it.

The vascular tissue of the synovial membrane is the structure

that most actively participates in the inflammatory process, which
is thus primarily a synovitis. The ligaments and other parts

surrounding the joints, and the articular cartilages, are, however,

ultimately affected, producing what has been termed parasyno-
vitis (HuTEii) and chondritis. When the synovial membrane,
the ligaments, the cartilage, and the bones are all involved, the con-

dition is aptly described as panarthritis (VOLKMANN, HUTER).
In mild cases the inflammatory process may be limited to the

synovial membrane, which then becomes the seat of congestive

hyperaemia and exudation. In severe cases changes in the car-

tilage almost always take place, particularly when the morbid

process is long maintained, and turbidity, disintegration, and
dissolution of the cartilaginous matrix ensue. These changes
produce local defects in the cartilage, which are referred to as

cartilaginous erosions and cartilaginous caries. More or less

extensive necrosis of the cartilage is not uncommon, especially in

purulent and tuberculous inflammations ; it may extend to the

subchondral bone-marrow, and so destroy the nutrient substratum
of the cartilage. Cartilaginous sequestra are formed by the

exfoliation of the necrotic portions.
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According to the character of the exudation, two varieties of

acute articular inflammation may be distinguished the serous
and the purulent.

Serous arthritis or synovitis, or acute articular dropsy, is

characterised by the effusion of a serous liquid containing minute
flakes of fibrin, and gives rise to more or less extensive swelling
of the joint. When the fibrinous coagula are abundant, the affec-

tion may be called sero-tibrinous synovitis. The synovial mem-
brane, with its villous fringes and folds, is more or less injected
and swollen, and at times exhibits small extravasations of blood.

In acute purulent arthritis or synovitis, or empyema of a

joint", the synovial membrane secretes a purulent or fibrino-purulent
exudation, which becomes mingled with the synovial liquid. The

synovial membrane itself and the articular ligaments are swollen

and infiltrated with cells. When abundant diapedesis of the red

blood-corpuscles takes place, the inner surface of the joint assumes
a dark-red colour. Purulent synovitis is occasionally a later stage
of the serous or sero-fibrinous variety, though frequently the exu-

dation is purulent from the outset. Serous synovitis occurs with

greatest frequency in the knee-joint, and often without any defi-

nite cause that can be detected. In other cases it is due to infec-

tion. The swelling, as a rule, is not very painful. In cases

accompanied by excessive stretching of the joint-capsule, the

articular ends of the bones may become so displaced as to induce

spontaneous dislocation.

Acute polyarthritic rheumatism is characterised by the pain-
ful swelling of several joints at one time. Grouty arthritis, caused

by the deposition of urates in the articular structures, gives rise

to exquisitely painful swellings, that most frequently occur in the

metatarso-phalangeal joints of the great toe (podagra) and in

the finger-joints (chiragra'): the adjacent parts of the periosteum,

tendons, ligaments, and skin are always simultaneously affected.

The articular inflammations associated with gonorrhoea, py-

aemia, puerperal fever, scarlatina, and measles are usually of the

purulent variety. The gonorrhoeal form is confined almost ex-

clusively to the knee-joint; the other forms attack various joints.

Acute articular inflammations usually end in recovery. Serous

effusions into the knee-joint are very apt to recur, and nmy give

rise to chronic troubles. Thus, after acute articular rheumatism,

hyperplastic proliferation of the synovial membrane, fibrous meta-

plasia of the cartilage, and finally fibre-cartilaginous ankylosis are

apt to take place. In purulent inflammations the symptoms may
become more severe as time goes on: the synovial membrane

becomes thickened, its internal surface becomes covered with

fibrino-purulent deposits, and even the capsular ligaments become

infiltrated (panarthritis). The synovial membrane then begins to

suppurate, the cartilage becomes turbid and undergoes fibrillation

or partial necrosis, and lymphangitic abscesses are formed in the
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neighbourhood of the joint. Finally, the inflammation may extend
to the bone, so that the marrow becomes the seat of suppuration,
and the osseous trabeculae undergo caries and necrosis. When
the articular head is thus considerably reduced in size, and the

ligaments are relaxed or destroyed, displacement of the bones may
take place (spontaneous dislocation).

In such cases complete recovery or repair is impossible. If

the process comes to an end at all, it is by the formation of

granulation-tissue (secondary granular synovitis of HUTER), and

ultimately of cicatricial tissue. When the articular ends are

thereby firmly united to each other, fibrous ankylosis is the re-

sult; and if regenerative proliferation is set up in the osseous

tissue during the process of healing, the ankylosis becomes bony.
Purulent effusions sometimes remain in a joint for a long time

without producing any serious destructive change ; this condition

is by many referred to as catarrhal synovitis.

Synchondroses and syndesmoses are liable to become inflamed

and suppurate in the same manner as other joints. If they are in this

way entirely destroyed, the bones they unite sometimes fall apart.
When no septic infection occurs to complicate an articular

injury due to violence, such as a fracture, bruise, sprain, or lacer-

ation of the capsule, sero-cellular, fibrinous, or haemorrhagic
effusion into the joint, and moderate infiltration of the synovial
membrane and of the capsular ligaments, are the usual results.

The like takes place when, by some violent movement, synovial

fringes or loose bodies within the joint are caught and crushed,
the articular ligaments being at the same time severely strained.

Inflammations of this character usually pass away rapidly;
but sometimes, and particularly if they are of frequent recurrence,

they lead to lasting changes and to chronic arthritis (Arts. 71

and 73). In rare cases, the coagula of haemorrhagic or fibrinous

effusions are not completely re-absorbed, but are changed by a kind
of organisation into small fibrous loose bodies (VON RECKLING-

HAUSEN). Cuts, stabs, and gunshot wounds of the joints combined
with penetrating wounds of the skin, and complex dislocations in

which the joint is opened and infected, usually lead to severe

purulent and septic inflammation, in the course of which the

articular capsule not infrequently ulcerates and becomes necrotic,
and the adjacent bones are destroyed by caries and necrosis.

The fact that many persons exhibit from childhood a marked tendency to

serous effusion into the knee-joint whenever that joint is subjected to slight

injury, as from a mere mis-step, is probably to be accounted for by the presence
of some undue development of the synovial folds and fringes, which are there-

fore apt to be incarcerated and bruised. It is also possible that in these cases

the entire synovial membrane is abnormally susceptible to injury.
Blood effused into a joint is probably prevented from coagulating by the

healthy synovial membrane : in a joint that is but slightly injured, blood may
therefore remain liquid for a long time, whereas coagulation takes place quickly
when the joint-capsule is extensively injured or inflamed.
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References on Arthritis in Infective Disease*.
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71. Even when we leave out of consideration the tuberculous
and syphilitic forms of chronic arthritis, there still remain a

large number of processes to which the term is applied, and
which differ greatly both in their aetiology and in the anatomical

changes they induce. Since all parts of a joint are usually
affected together, the condition is generally one of panarthritis

(HiJTER, VOLKMANN). Five varieties of chronic arthritis may
be distinguished according to their anatomical peculiarities ;

namely, chronic serous arthritis, chronic purulent arthritis, dry
chronic ulcerative .arthritis, chronic deforming arthritis, and

chronic ankylosing arthritis. From an aetiological point of view

it is somewhat difficult to define the several varieties precisely ;

but if all the infective processes be placed together, five groups

may be distinguished according to the circumstances of their ori-

gin: namely, chronic senile arthritis, chronic traumatic arthritis,

chronic infective arthritis, chronic neuropathic arthritis, and

chronic gouty arthritis.
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No sharp lines can be drawn between these various aetiological

groups so far as their morbid anatomy is concerned, for in differ-

ent joints of the same patient at the same time we meet with
varieties of arthritis that differ in their histological characters.

The serous and purulent varieties of arthritis are characterised

by free exudation into the joint, and form a class in contrast to

the three other varieties, in which there is no sensible increase in

the amount of liquid within the joint. In this respect chronic

articular inflammations may be divided into two chief classes,

the exudative and the dry forms.

Chronic serous arthritis or synovitis, otherwise called

chronic articular dropsy or hydrarthros, either follows upon acute

serous synovitis, especially when the latter is recurrent, or begins
insidiously without passing through an acute stage. It is charac-

terised by the accumulation of thin synovial liquid within the

joint. The changes in the capsule and in the cartilage are usually

slight, although in long-continued cases the synovial membrane

may be thickened, its villous folds and fringes may be enlarged,
and the cartilage may proliferate and become fibrillated. Fre-

quently the synovial membrane grows over the margins of the

articular surfaces, and forms thereon a sort of vascular pannus.
HUTER describes this variety of articular inflammation as smooth
or pannous hyperplastic synovitis.

The affection appears most commonly in the knee, more rarely
in the shoulder, the hip, and the elbow, and is not infrequently
bilateral. When the effusion is very abundant, the knee-joint is

swollen, the patella is lifted, and the bursae under the extensor

tendon, on both sides of the patella and in the popliteal space,
are tightly distended.

The cause of articular dropsy is sometimes traumatic, the
effusion following contusions, sprains, and accidental incarceration

of hypertrophic synovial folds and of loose bodies within the joint.
In other cases, rheumatism and exposure to cold are given as the

causes. Very slight injuries seem sufficient to give rise to in-

creased secretion of synovial liquid in persons specially predis-

posed thereto. Hernial protrusions of the synovial membrane,
appearing externally between the fibrous bands of the capsule,
have frequently been observed to contain an excessive quantity of

liquid, and to assume considerable proportions. Such herniae are

oftenest met with in the knee, wrist, and elbow-joint (BiLLROTH).
Chronic purulent arthritis is usually consecutive to acute

inflammations that are haematogenous, traumatic, or due to exten-

sion from adjoining parts ; it is sometimes however associated

with other chronic affections of the joint, such as chronic tuber-

culosis. The joint in these cases is filled with pus, and the capsular

ligaments and synovial membrane are infiltrated and covered with

fibrino-purulent deposits. Sooner or later the cartilage becomes

cloudy and fibrillated, and undergoes carious and iiecrotic disin-
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tegration. At a later stage the neighbouring bone-marrow may
suppurate, and so give rise to caries and necrosis of the ends of
the bones. The articular capsule also is apt to suppurate at vari-
ous points, and abscesses are thus formed around the joint.
Recovery may take place, with formation of cicatricial adhesions
between the carious ends of the bones, and regenerative osseous
proliferation from the periosteum and bone-marrow ; in this man-
ner fibrous and bony ankylosis are at length brought about.

Fio. 152. CHRONIC DKY ULCERATIVE ARTHRITIS.

(First inter-phalangeal joint of the index .finr/er fixed in the position of flexion from
chronic senile polyarthritis : preparation hardened in alcohol, decalcified icith picric
acid, and stained with picro-carntitte : x 55)

a cancellous bone
6 cortical layer
c bone-marrow
d periosteum of the first phalanxai &i Ci <*i the corresponding parts of the

second phalanx
e section through the dorsal portion of

the articular capsule
/ section through the thickened palmar

. portion of the articular capsule
a eiTlargcd synovial fringes
n portion of the synovial membrane ex-

tending over the articular cartilage

i articular cavity
k normal cartilage of the concave articu-

lar surface
I split and tihrillated surface of the

cartilage of the convex head
m erosion of the cartilage covered over

by an outgrowth from the synovial
membrane

n carious cortical layer of the bone of
the first phalanx

o newly-formed medullary spaces in the

cartilage

Synarthroses, like joints, may suppurate, and afterwards be

replaced by cicatricial and osseous ankyloses.
The cause of the suppuration is probably always of the nature

of microbic infection. Substances which induce suppuration by
their chemical action are not likely to gain access to a joint.
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72. Dry chronic ulcerative arthritis is an affection whose
essential characters are fibrillation, cleavage (Fig. 152 J), and
erosion of the articular cartilages. The fibrillation is often accom-

panied by a scanty proliferation of the cartilage -cells, though this

feature may be entirely absent. At the margins of the articular

surfaces the cartilage often disappears entirely as such (TW), being
converted into mucoid or connective tissue by the action of the

proliferous synovial membrane. In far-advanced cases of the

disease the greater part of the articular cartilage is destroyed,
and the denuded bone often ulcerates to a considerable extent.

At times also some dissolution of the cartilage takes place from
the side of the bone-marrow (0), but this feature is of small impor-
tance in comparison with the other changes. Sclerotic thickening
of the capsule (/), and enlargement of the synovial folds and

fringes (#), frequently accompany the erosion of the cartilage,
and sometimes lead to fixation of the affected joint (Fig. 152) by
capsular ankylosis. On the other hand, the tissue of some of the

ligaments may become loosened and break down. Calcareous

deposits and patches of amyloid degeneration make their appear-
ance both in the degenerate cartilage and in the fibrous tissue of

the capsule and ligaments. When the bone is denuded, it may
become sclerotic and eburnated by the apposition of new tra-

beculae derived from the marrow.
The disease appears chiefly in old age as a senile disorder of

nutrition, and has accordingly been called malum senile; but
it is sometimes a neuropathic disorder, and sometimes a sequel
of rheumatic and other forms of inflammation. Lastly, the like

condition arises when from any cause a joint is kept fixed in one

position ; in this case the articular cartilage undergoes fibrillar

and granular disintegration, especially at those points which are

no longer subjected to the normal pressure (REYHER, MOLL). The

synovial membrane grows over the articular surface from the

periphery, and becomes continuous with the fibrillated cartilage.
When a joint that has long been fixed is forcibly flexed or extended,
the ligaments, shortened from lack of their normal tension, may
rupture (VOLKMANN), and the synovial outgrowths over the bony
surfaces may be crushed, with the result that haemorrhage and
inflammation with serous effusion ensue.

As regards the senile form of the disease, the hip-joint is that

most frequently affected (malum coxae senile) ; the shoulder, elbow,

phalangeal joints, and the knee (patella), are affected next in order

of frequency. In tabes, on the contrary, the knee, the shoulder,
and the elbow-joint are the usual seats of disease. Where the

articular ends of the bones are much wasted, the capsule becomes

relatively too wide, and the bones, thus allowed abnormal free-

dom of movement, are apt to become displaced (dislocation from

deformity) .

The senile, as well as the rheumatic and neuropathic forms,
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Fro. 153. CHRONIC ARTHRITIS DRFORMANB.

(Section thronyh the articular cartilage of the head of thefemur : preparation hanlened
in Mailer's fluid, decalcified with picric acid, stained with haematoxylin and car-

mine, and mounted in glycerine : X 40)

a hyaline cartilage
6 hyaline cartilage with proliferous car-

tilage-cells
c Cj fibrillated surface of the cartilage
d clefts in the cartilage
e e

l areas of softening in the cartilage

/ highly-cellular cartilage with uniformly
distributed cells

.701 newly-formed medullary spaces
h newly-formed and i old osseous tissue

k old medullary spaces
I seat of rewrption with osteoclasts
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are usually associated with atroplric changes in the bones, and
these are often very extensive. Excessive peripheral resorption

(Fig. 152 n) and consequent attenuation of the bones near a joint,
when accompanied by thickening of the capsular ligaments, give
the joint itself a thick and nodose appearance, which has some-
times caused the condition to be attributed to arthritis deformans.
When the atrophic process affects the bodies of the vertebrae,

Fio. 154. ARTHRITIS AND OSTITIS DEFORMANS WITH ARBORESCENT LIPOMA OF THE
HIP-JOINT.

(Reduced to two-thirds of the natural size)

a deformed head of the femur whose neck is perpendicular to the long axis of the shaft
6 synovial membrane with hypertrophic fringes of lipomatous tissue

causing them to become relatively shallower (Fig. 158), the result

is curvature of the spine, usually kyphotic.
73. The disease of the joints called chronic arthritis defor-

mans is distinguished from other forms by the remarkable hyper-
plastic proliferation, accompanied by degenerative changes in the

cartilages and bones, that takes place in it. The hyperplasia is

indeed so abundant as to give a special character to the affection.
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The changes in the cartilages consist of fibrillation (Fig. 153
e Cl ) and cleavage or splitting (d) of the superficial layers ; to this
is usually super-added extensive softening (e e^ with* consequentformation of cavities in the deeper layers next the bone. Alongwith these degenerative processes free hyperplastic proliferation
(6) takes place, and often leads to considerable nodose thickening
of the cartilage.

FIG. l.V). CHRONIC POLYAHTHKITIS DKKOUMA.NS.

(Section through the first infer-phalangeal joint of the index flutter of an old woman :

preparation hardened in Miiller's fluid and alcohol, decalcified icith picric arid,
stained with neutral carmine, and mounted in Canada balsam : X 6)

^ diaphysis of the second phalanx
6 ^articular head of the second phalanx
c dorsal Cj c% palmar portion of the ar-

ticular cavity
d dorsal portion of the cortical layer of

the first phalanx, with numerous
excavations from resorption

e palmar portion of the cortical layer of
the tirst phalanx

/ articular socket of the first phalanx
g defect in the cortical layer of the first

phalanx

/* newly-formed IKMIP on the .iorsal bor-
der of the articular socket

i t| newly-formed Ixme on both sides of
i In- articular head

k collapsed |ortion of the articular socket
/ /i remains of the articular cartilage
HI >HI fibrous covering of the articular

surface
n n\ articular capsule
o superficial defect in the articular bead

covered over with fibrous tissue

P Pi /'? periosteum
q the nutrient foramen with its artery
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The deeply-situated cavities due to softening are sooner or

later lined with vascular medullary tissue (# g^) growing up from
the bone. The substance of the cartilage itself is often directly

permeated by the growing marrow. When the deeper layers of

the cartilage are thus traversed in all directions by medullary
spaces, the remaining islands and bridges between these are gen-
erally converted into osteoid tissue (A) and ultimately into calci-

fied bone. Occasionally, proliferous outgrowths of cartilage are

produced once more in the osteoid trabeculae, and form nodular
excrescences that project into the medullary spaces.

FIQ. 156. ARTHRITIS DEFORMANS OF THE HEAD OF THE FEMUR.

(Reduced to two-thirds of the natural size)

flattened and eburnated articular sur- c overhanging rim of the head
face

6 neck of the femur
d osteophytes in the region of the inter-

trochanteric line

While these changes are going on in the cartilage, the tissues

of the capsule also become proliferous: the capsule and the syno-
vial membrane are thereby thickened; and the synovial folds and
villous fringes (Fig. 154) increase and multiply, projecting more
and more into the articular cavity until at length the internal

surface of the synovial membrane becomes entirely covered with
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villi. When fat is later on deposited in the synovial folds and

fringes, the result is a condition known as arborescent lipoma
(Fig. 154). At times, cartilaginous masses from the size of a

pea to that of a hazel-nut are formed in the membrane, and

especially in its villi ; and some of these masses undergo ossifica-

tion. When they become detached from their base they become
loose or movable bodies within the joint (Art. 77).

The changes in the bones are for the most part retrogressive,
and are chiefly of the nature of resorption (Fig. 153 /); they lead

Fio. 157. ABTHRITIS DEFORMANS or THE HEAD or THE FEMPR.

(Reduced to two-thirds of the natural size)

a atrophied head, with numerous exca- c osseous overgrowth on the border of

vated pits
6 neck of the femur

the head
d osseous overgrowth along the inter-

trochauteric line

to lacunar atrophy of the osseous trabeculae, and sometimes entire

lamellae are destroyed (Fig. 155 g o), so that the bone gives way
at the affected part (Ar). The new osteoid tissue formed from

the cartilage (Fig. 153 A) often undergoes disintegration and

softening, and cavities are thus formed within it.

The subchondral marrow (Fig. 153 k) frequently loses the

greater part of its fat, and is converted into the gelatinous or lym-
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phoid variety. When the local atrophy of the bone is complete,

patches of gelatinous connective tissue devoid of osseous trabe-

culae are formed : in other instances dissolution and liquefaction
of the bone-marrow takes place, and cysts are accordingly pro-
duced. At a later stage, the .tissue adjacent to the cysts becomes
more or less condensed, and sometimes a number of osseous tra-

beculae are developed in it by a kind of metaplasia.
The manifold changes already described as taking place in the

ends of the bones and in the joint-capsules lead, in the course of

years, to very marked deformities of the joints. If the disease

extends to the diaphysis of a long bone, deformities may also be

produced in parts remote from the joint (Art. 50).
Proliferation of the cartilage, with subsequent ossification,

occurs mainly at the periphery of the articular head and of the

articular cavity. In the former situation it gives rise to tuberous
excrescences (Fig. 155, ii^, Fig. 156 <?, and Fig. 157 c); it causes

the socket or acetabulum to be wholly or partially encircled with a

ridge by which the cavity is often notably enlarged and deepened
(Fig. 155 A). Occasionally some of the tuberosities, composed
of cartilage and bone, break off and form loose bodies within the

joint.
The central parts of the articular head that are most subjected

to pressure and friction are usually flattened (Fig. 156); while
the articular socket, on the other hand, becomes wider.

All of these changes take place whether the articular cartilage
is preserved or not, and, in the former case, depend upon a sub-

chondral atrophy of the bone (Fig. 155 <?), as a result of which
the cartilage (&) is undermined and collapses. If the cartilage
becomes fibrillated and destroyed, the underlying bone is of course

exposed, and in particular those parts of it that have been newly
formed by subchondral ossification. Such bone is often very
dense, and in places has the compact texture and appearance of

ivory. If the affected limb continues to be movable, the hard

bony surface of the articular head, as a result of constant move-
ment, is often polished smooth ; or if the movements take place
in one plane only, it is marked with parallel grooves. The ace-

tabular cavity in that case is correspondingly polished or grooved,
and the surfaces are said to be eburnated.

Subchondral cysts, due to softening, come to the surface as

the superficial layers are eroded, and appear as more or less exten-

sive depressions or excavations (Figs. 155 o and 157 a). The
portions of the bone that are denuded of cartilage may be covered
over by extensions of the synovial membrane (Fig. 155ww

1);
but the covering is absent in parts exposed to special friction as

the joint is moved. Apposition of bone from the marrow may
take place upon the parts thus left exposed.

Both hyperplasia and atrophy are often so considerable that

the resulting deformity of the articular ends of the bones is
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extremely great. Thus, the head of the femur may completely
disappear; and if new bone is being actively formed at the peri-
pheral parts, while resorption is proceeding in the interior, an
entirely new head may be formed, which is attached to the shaft
with little or nothing of a neck intervening. More frequently
still, a marked flattening and broadening of the head and neck
of the femur take place (Fig. lob'). In rare cases the head
becomes almost conical, the apex of the cone corresponding to the
insertion of the ligamentum teres.

It is not possible to describe all the varieties of articular

deformity that are met with in arthritis deformans
; but from

what has been said we can without much difficulty form some
conception of the kind of changes that may take place. The one
common feature is that they are all produced by bone-resorption
on the one hand, and bone-apposition on the other. The result-

ant effect of the entire process in a given case depends upon which
of these predominates.

Owing to the alteration in the shape of the articular ends of
the bones, the mobility of the joint becomes more and more im-

paired. In the shoulder and hip-joint, for example, the possible
movements may be limited to a single plane, and finally l>e alx>l-

ished altogether, so that what we have called ankylosis from

deformity is the result.

The joint thus fixed assumes very different positions in differ-

ent cases : some of the fingers, for example, are flexed, others

over-extended, and others again exhibit more or less lateral

deviation. This variety of position is favoured by the varia-

ble amount of thickening present in the capsule and the synovial
membrane.

The deformity of the articular surfaces occasionally gives rise

to mutual displacements of the bones, a condition described as

dislocation from deformity.
Arthritis deformans is commonest in the hip-joint and knee

(Figs. 156 and 157), but it may affect any of the articulations,

and is not rare in the shoulder and elbow-joint. The affection

may also appear in the synarthroses, .and particularly in those of

the vertebral column, when it is called spondylitis deformans

(Fig. 158). As periosteal proliferation (l>) with subsequent ossi-

fication takes place in this situation, the vertebrae at length be-

come firmly and immovably united together by osseous bridges ;

these are formed chiefly on the anterior aspect of the column. If

meanwhile resorption is in progress within the bodies of the ver-

tebrae and gives rise to inequalities in their vertical dimensions

(a c), pronounced curvature of the spine is the result. As a rule

the trunk is thereby bent forwards into a position of extreme

kyphosis.
Arthritis deformans may be either a uniarticular or a multi-

articular affection. The uniarticular variety appears to arise spon-



274 INFLAMMATIONS OF JOINTS [CHAP, xxin

taneously, or follows a single traumatic lesion (such as fracture of

the joint) or a recurrent injury, as well as certain infective inflam-

mations. It attacks both the larger and the smaller joints, but
more frequently the former. On the other hand, the multiartic-

FIG. 158. SPONDYLITIS DEFORMANS.

(Reduced to one-half the natural size)

a body of a lumbar vertebra whose an-
terior height is considerably reduced

6 nodose bony growths uniting the adja-
cent vertebral bodies together

body of a thoracic vertebra which has

collapsed

ular variety most commonly affects the inter-phalangeal joints,
and but rarely the larger ones. It is usually a senile affection, or

is dependent on disease of the nervous system.
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At the outset, in the multiarticular variety, the changes in-
duced correspond with those observed in dry chronic arthritis or
malum senile (Fig. 152). The later anatomical changes, how-
ever, are such that no difficulty need be felt in classing the disease
under the head of arthritis defonnans. It usually continues

throughout to be limited to the smaller joints, although at times
it extends also to the larger ones.

From the contraction of the joint-capsule, and the often ex-
treme deformity of the articular surfaces, the finger-joints are
fixed in the most varied positions, flexed, over-extended, distorted

sideways, and so on. The heads of the bones are fringed with

marginal exostoses and often considerably thickened (nodular
polyarthritis), so that the joints closely resemble in external ap-
pearance those of the hands in chronic gout.

74. Chronic ankylosing arthritis ( arthritis ankylopoetica) is

characterised chiefly by vascularisation and fibrous metamorphosis
of the articular cartilage, and by coherence of the opposed carti-

laginous surfaces.

These changes may appear first in a single joint and are then
either the result of antecedent acute exudative inflammation, or
the final stage of certain chronic destructive inflammatory pro-
cesses, chiefly those originating in tuberculous infection (Art. 70).

They constitute the most important anatomical feature of the dis-

ease called chronic rheumatic polyarthritis, or arthritis pau-
perum. This is an aft'ection that either follows upon an attack of

acute articular rheumatism, or commences insidiously and lasts

many years, indeed throughout the rest of the patient's life. It

involves various joints in succession, and in rare cases all the

joints of the body, causing the bones one after the other to become
immovable from ankylosis.

At a stage when the changes in a joint are not far advanced,
the synovial membrane appears rather more injected than usual,

and its fringes and villi are perhaps somewhat enlarged : the sur-

face of the cartilage is rough, fibrillated, and often converted into

a tough felted mass ; here and there adhesions have already formed

between the adjacent cartilaginous surfaces, and the fibrous carti-

lage is traversed by a few blood-vessels. While the superficial

changes are proceeding medullary spaces are being formed in the

deeper layers of the cartilage by means of outgrowths from the

medullary spaces of the underlying bone, the new marrow being

distinguished by its great vascularity. The cartilage lying between

the new medullary spaces is in places converted into osteoid or into

osseous tissue.

These changes resemble in many respects those characteristic

of arthritis deformans, with the important differences that the

cartilage proliferates but little, and that the changes in its surface

layers are less of the nature of disintegration than of fibrous meta-

plasia.
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Some of the blood-vessels supplying the cartilage in process
of fibrillation come from the synovial membrane, and grow over
the articular surface from its periphery or from synovial villi

adherent to the cartilage ; others spring from the subchondral

bone-marrow, and penetrate the cartilage from below. Once the

cartilage is here and there channelled by medullary spaces con-

taining vessels, the fibrous metaplasia of its superficial layers and
the cohesion of the opposed surfaces make rapid progress, being
actively reinforced by the new vessels growing into it from above
and below.

The ultimate result of all these changes is fibrous ankylosis of

the joint, which becomes firmer as the cohesions become more

FIG. 159. CHRONIC ANKYLOSIJTG ARTHRITIS.

(Section from, the tibio-tarsaljoint : preparation hardener! in Mailer's fluid and alcohol,
decalcified with picric acid, stained with haematoxylin and cannine, and mounted
in Canada balsam: x 12)

a cancellous portion of the tibia
b cancellous portion of the astragalus
c c.i new-formed osseous tissue
d osseous tissue in process of formation
e bone-marrow devoid of fat but rich in

vessels and cells

/ vascular fibrous tissue derived from
the articular cartilage

ft gi remains of the articular cartilage
h fibrillated cartilage
i remains of the joint-cavity

extensive. At first the joint-cavity is traversed only by one or
two vascular bands : later on the original cavity is reduced to a
few small loculi containing synovial liquid (Fig. 159 i), and the

parts of the cartilages (/ h') that have been converted into fibrous

tissue are fused into one compact mass. How much of the car-

tilage (<7 cfj)
still remains untransformed naturally depends upon

the stage the process has reached. In the course of months and

years the entire cartilage may perish in successive portions, being



ART. 74] REFERENCES ON CHRONIC ARTHRITIS 277

converted into fibrous tissue either directly or through an inter-

mediate tibrillated stage (/t).

In cases of far-advanced disease the situation of the original

joint-cavity is indicated merely by a layer of fibrous tissue ; in

still later stages even this disappears and makes way for a tissue

differing very slightly, if at all, from the marrow of cancellous

bone.

Even in the early stages of the process, production of bone
within the cartilage (f Cj) may be associated with the fibrous

metaplasia and the formation of medullary spaces. It commences
in the strata of the cartilage next the bone and extends by degrees
to tKe articular cavity. After fibrous ankylosis is established the

ossification extends into the fibrous connexions, and the articular

ends of the bones are thus at length united by osseous tissue.

At the same time, or perhaps a little later, fat is deposited in the

new-formed medullary tissue that is henceforth to fulfil the func-

tion of ordinary bone-marrow, and so it becomes identical in char-

acter with the rest of the yellow marrow. Cases are met with in

which, by these changes, the joint is so completely replaced by
continuous bone that the former situation of the joint-cavity can

scarcely be traced.
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75. From what has been stated in Arts. 71 and 74, it will be
understood that for no one of the several anatomical types of

arthritis is there any single and uniform mode of causation : a

given type may be produced by various causes, and a single cause

may give rise to a number of different types of chronic arthritis.

Senile arthritis, as a rule, takes the form of chronic dry ulcer-

ative arthritis ; but it sometimes leads to changes that pertain to

and are characteristic of arthritis deformans. The latter is met
with chiefly in cases where the affection is multiarticular and
extends over a large portion or the whole of the skeleton. The
disease has the appearance not so much of an inflammation as of

a disorder of nutrition.

Traumatic arthritis, in no way complicated by infection, may
assume any of the forms we have described ; it usually, however,
takes that of chronic serous synovitis or of arthritis deformans.
Erosions are most apt to occur when the injury is due to continu-

ous pressure, and when the limb is kept in an abnormal position.
Adhesions form after wounds of a joint with effusion of blood
into it, and after reduction of dislocations ; arthritis deformans,
on the other hand, follows upon fracture of the joint, and upon
unreduced dislocation.

Infective arthritis, other than that due to tuberculosis, begins
as serous or purulent synovitis, and this may be followed by all or

any of the above-named anatomical changes. Arthritis deformans
is most likely to result when the inflammation at no time takes on
an ulcerative character. Fibrous metaplasia of the cartilage, and
fibrous or osseous ankylosis of the joint, are generally associated

with ulcerative destruction of cartilage, bone, and capsular tissue;
these changes may however take place after slight and at no time
destructive " rheumatic

"
inflammation. In the former case the

changes are in their way reparative, and run a course that sooner
or later reaches its end. The articular affection called chronic
rheumatic polyarthritis is, on the contrary, a progressive disease,
and the changes in the joints continue to advance till the end of

life. It almost entirely coincides with the form whdse morbid

anatomy is indicated by the term chronic ankylosing arthritis, al-
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though changes sometimes occur in this affection which appertain,
from the anatomical point of view, to arthritis deformans.

Spinal and neurogenous arthropathies are observed chiefly
in connexion with tabes dorsalis, syringomyelia, degeneration of

FIG. 160. HAND WITH OOUTT NODES ABOUT TH JOINTS.

(From LANCBRKAUX)

the anterior horns of grey matter, degeneration from compression

or crushing of the spinal cord, and section of nerves.

In tabes, arthropathies are prone to arise in the knee, t

shoulder, and elbow, more rarely in the hand, foot, and nnger-
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joints. These neuropathic forms are characterised by rapid de-

struction of the articular ends of the bones, and by thickening
and ulcerative destruction of the synovial membrane and articular

ligaments. Serous effusion into the joint, swelling of the sur-

rounding tissue, and sudden spontaneous dislocation, may accom-

pany the other changes. How far these conditions are due to

nervous influence, how far to mechanical injury, and how far to

disorders of the circulation, are questions that still await an
answer.

Gouty arthritis is due to a constitutional disease that is

usually inherited. The articular affection commences with the

effusion of a clear liquid (GARROD) into the structures compos-
ing the joint, and from this crystalline deposits are precipitated

(Fig. 144). The crystals consist of sodium urate, sodium chlo-

ride, calcium carbonate and phosphate, hippuric acid, and com-

pounds of uric acid with calcium, magnesium, and ammonium.

They form white chalky or mortar-like masses, and are usually
found in the matrix of the articular cartilage and in the tissue of

the ligaments. After long continuance of the process they are

also discoverable in the periosteum, in the bones, and in the

tissues surrounding the joint, particularly in the adjacent tendons,

bursae, etc.

The deposition usually takes place paroxysmally, and leads to

severe reactive inflammation of the affected tissues, which is at

first manifested by hyperaemia and oedematous swelling of the

fibrous tissues of and about the joint, and of the overlying skin.

Frequent recurrence of such attacks results in fibrillation and
erosion of the cartilage, proliferation of the periosteum accom-

panied by ossification, thickening of the synovial membrane, and

permanent swelling of the tissue round the joint. This thickening
and swelling produces the nodular masses known as tophi or

gouty nodes, which enclose chalky deposits (Fig. 160). In
far-advanced cases extensive erosions of cartilage and bone oc-

cur in the encrusted articular ends of the bones; and around
the deposits in the adjacent structures the tissue inflames, pro-
liferates, and ultimately softens and breaks down. In this way
are formed abscess-like cavities filled with uratic concretions and

pus, and these at length rupture externally. The disease in this

form is most apt to appear in the smaller joints of the hands and

feet, but it may attack any other joint..
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CHAPTER XXIV

TUBERCULOSIS AND SYPHILIS OF JOINTS

76. Articular tuberculosis appears both as a primary and as

a secondary affection. In the former case the process may com-
mence in any portion of the synovial membrane ; in the latter it is

an extension of tuberculous disease of the bones or bursae adjacent
to the joint. The tuberculous foci situated in the marrow or peri-
osteum of the articular ends of the bones infect the joint either by
continuous extension through the intervening tissues, or by the

transport of bacilli through the lymph-channels.
When the synovial membrane is infected at any one point, and

the tubercle-bacilli develope and multiply, the infection is usually
disseminated within the joint, and grey tubercles appear at dif-

ferent places on the membrane. The tubercles become more
numerous as time goes on, and finally the membrane is studded
over with them. They are rarely aggregated into caseous or fibro-

caseous nodes of any great size.

When the tubercles are isolated, as in general miliary tuber-

culosis (KoNia), the rest of the synovial tissue may undergo no

perceptible change. Where the tubercles are more abundantly
developed, hyperaemia, diffuse inflammatory changes, prolifera-

tion, and exudation are induced. The synovial tissue is accord-

ingly reddened, swollen, and moderately infiltrated with cells ; or

more or less extensively converted into soft greyish-red granulo-
matous tissue, beset with grey or whitish tubercles (fungous or

granular arthritis). The joint-cavity contains an effusion that

is serous (hydrops tuberculosus*), sero-fibrinous, slightly turbid

with pus, fibrino-purulent, or simply purulent (tuberculous empy-
ema of the joint). Purulent effusion is most common when the

synovial tissue is partly converted into granulomatous tissue.

The deposits of fibrin take the form of .shreds and films overlying
the granulations. Sometimes the joint contains rice-like or

melon-seed bodies, formed from clots of fibrin or detached frag-
ments of tissue (Art. 77).

The tuberculous granulomatous tissue may extend from the

periphery towards the cartilage, and grow over it for a certain

distance (Fig. 161 i). Whenever the granulation-tissue con-

tinues for a time in contact with the cartilage, the latter is

destroyed, the granulation-cells dissolving its matrix and pene-
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tratmg into the cell-capsules (g A). Resorption of the underlyingbone (d &) usually accompanies the dissolution of the cartilage.
Frequently the granulations grow from the periphery into the

interior of the articular cartilage, and thus separate its super-
ficial layers from the deeper ones. They also extend into the
subchondral bone-marrow, and press against the encrusting carti-

lage from this side. If they here attain to considerable dimen-
sions, as when the subchondral tissue is from the outset the seat
of tuberculous granulation, the cartilage is apt to be broken
through from below, and so to become separated from the bone.

FIG. 1(>1. TUBERCULOUS (FUNGOUS) ARTHRITIS.

(Section through the cartilage and subchondral tissue of the head of the femur, showing
resorption of cartilage and bone by the fnnao its granulations : preparation hardened
in Mailer's fluid and alcohol, decalcified with picric acid, stained with haematotylin,
and mounted in Canada balsam : X 100)

.v proliferous cartilage-cells mingled with
round-cells

h dehiscent cell-capsules
i granulations covered over with fibriu

k osteoclasts

a hyaline cartilage
b isolated, and
c grouped, proliferous cartilage-cells
(/ osseous trabeculae

bone-marrow
/ granulomatous tissue

Side by side with the formation of tuberculous granulations,
there is usually a certain amount of non-tuberculous proliferation
of the synovial membrane and often of the bone-marrow also ;

this is probably a result of the accompanying inflammation. In

the synovial membrane the proliferation leads to the formation

of new papillomatous villi. In general, however, the only result

is that the synovial membrane becomes thickened, and growa
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over the articular surface from its margin in the form of loose

gelatinous or dropsical fibrous tissue, more or less completely vas-

cularised (Fig. 162 d). This finally covers over the whole carti-

lage, whose superficial layers, thus subjected to entirely new
conditions, are converted into mucoid (> b^ and soft connective

tissue. Vessels also sometimes grow into the substance of the

cartilage, and directly transform it in places into mucoid tissue.

The proliferous bone-marrow usually forms a mere reddened
zone or seam beneath the cartilage, though the process occasion-

ally extends to the deeper layers of the marrow. The marrow
loses its fat, and is converted either into gelatinous or into lym-
phoid marrow. If the condition persists for a time, more or less

^r*5'- NT**'? * '

*@ --. s.. .-,

FIG. 162. TUBERCULOUS ARTHRITIS.

(The articular cartilage is coveredover with fibrous tissue and transformed by metaplasia
into mucoid tissue : preparation hardened in 3ftiller's Jfuid and alcohol, stained
with haematoxylin and carmine, and mounted in Canada balsam : x 100)

a hyaline cartilage d fibrous tissue
b bi mucoid tissue e blood-vessel
c hyaline cartilage persisting between / round-cells

the ingrowths of mucoid tissue

extensive resorption of the bone (Fig. 161 d k~) takes place, the

cartilage becoming permeated by medullary spaces.
While the above-described processes are in progress within

the joint, the surrounding soft parts are the seat of oedematous

swelling : the fibrous structures become more and more brawny
and coarsely fascicular, and the skin appears pale, smooth, and

glistening (tumor albus or -white swelling). Sooner or later

foci of granulation develope in the parts about the joint, and

presently caseous nodes and cold tuberculous abscesses are

produced. These often rupture externally and lead to th forma-
tion of fistulous tracks or sinuses, the walls of which are com-

posed of tuberculous granulations and of brawny fibrous tissue.
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Such sinuses are usually due to the external rupture- of tubercu-
lous foci in bones or joints; they may however arise independentlyfrom lymphangitic granulomatous nodes.

Tuberculous arthritis affects both the large and the small
articulations, and is one of the commonest of joint-affections.

In the large joints of the limbs (Fig. 163), when the disease
has lasted long enough, not only the entire cartilage but also
parts of the capsule and of the adjacent bone (be) may have dis-

appeared : the head of the bone may be more or less destroyed,
the acetabular socket (a) widened out, and the bone in its neigh-
bourhood (6 c) carious and eroded. Such changes occasionally
lettd to spontaneous displacement of the articulating bones, which
is described as dislocation from caries.

FIG. 163. TUBERCULOUS CARIES ABOUT THE ACKTABULUM OF THK LKKT HIP-JOUTT.

(Reduced to one-half the natural size)

perforation of the acetabulum
carious defects in the ilium

c carious defects in the os pubis
</ obturator foramen

The condition of tuberculous caries is sometimes jlinically
described as arthrocace.

Syphilitic affections of the joints make their appearance
either at the time of the secondary eruptive stage or in the

tertiary stage of the disease. In the secondary stage the affec-

tion takes the form of serous synovitis, resembling that associated

with acute articular rheumatism. In rare cases a like effusion

takes place even in the later stages; but as a rule the tertiary

syphilitic arthropathies are of a chronic kind, and are characterised

by the formation of guminatous nodes and thickenings in the cap-
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sule, proliferation of the synovial membrane, and fibrillation and
erosion of the cartilage. Syphilitic arthritis may appear as a

primary affection of the joint, or may be due to the extension into

it of specific inflammation from the periosteum or bone-marrow.
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CHAPTER XXV

LOOSE BODIES IN THE JOINTS

77. In the foregoing paragraphs we have already more than
once referred to loose bodies within the joints, arising as the
result of traumatic injury or of inflammatory processes and tuber-
culous affections. In clinical descriptions they are sometimes
referred to generally as "loose cartilages," or mures artimli.

The following classification of these bodies may be made, ac-

cording to their histological structure : (1) Foreign bodies which
have penetrated from without ; (2) bodies composed of cartilage;

(3) bodies composed of bone, or of cartilage and bone : (4) bodies

composed of fatty tissue ; (5) bodies composed of fibrous tissue ;

(6) bodies composed of fibrin. Any of these forms, not originally

composed of bone, may undergo calcification.

They may arise (1) from the detachment of fragments of nor-

mal cartilage or bone; (2) from the detachment of overgrown
synovial villi that have become cartilaginous, fibrous, or lipomatous ;

(3) from flakes of cartilage or bone formed upon the inner surface

of the capsular ligament, or formed outside the joint and then

invaginated (LAENNEC); (4) from the detachment of hyperplastic

outgrowths from the cartilage ; (5) from the exfoliation of frag-
ments of necrotic tissue, as in tuberculosis (NEUMANN, SciirrH-

ARDT, GOLDMANN); (6) from deposits of fibrin in cases of haemo-

rrhagic or fibrinous effusion
; (7) from foreign bodies forced into

the joint. The most important are those resulting from the sepa-
ration of hyperplastic excrescences, as in arthritis deformans.

These, as a rule, are composed of cartilage, produced by prolifera-

tion of the cartilaginous nodules normally existing in the synovial
folds and in the walls of the capsule. They vary in size from

that of a millet-seed to that of a hazel-nut, or even larger, and are

often ossified in the centre. They usually occur in the knee and

in the wrist, more rarely in the hip, shoulder, ell>ow, and ankle

joints. They may be very numerous, instances of ten, twenty,

fifty, and even more having been recorded.
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CHAPTER XXVI

THE MUSCLES

78: The striated fibres that form the essential component of
the voluntary muscles are of cylindrical form, varying from lo to
55 microns (micro-millimetres) in diameter, and at times reach-

ing 5 centimetres in length. They are composed of a sheath, a
contractile substance, and nuclei. The contractile substance is of
soft consistence and peculiar structure, being made up of fibrils

transversely striped with bands that on optical examination appear
alternately light and dark.

The muscle-nuclei are scattered over the surface of the con-
tractile muscle-cylinder ;

in form they are prolate spheroids, their

long axes being invariably parallel to the axis of the cylinder. An
aggregation of granular protoplasmic material is often observed at

their poles.
The sheath or sarcolemma consists of an elastic transparent

structureless membrane, which forms a tube enclosing the con-

tractile substance and closely investing its surface.

The length of a muscle varies with the amplitude of its JKKS-

sible range of contraction in the longitudinal direction. Its thick-

ness, on the other hand, is determined by the tension to which it

is subjected during contraction. A muscle so placed that in pro-

portion to its length it undergoes but little longitudinal contrac-

tion is under relatively unfavourable conditions; and it accordingly
shortens until a certain definite proportion is established between
its length and the range of its contraction. When its tension is

persistently maintained below the normal, the muscle loses in thick-

ness. If the muscle is rendered permanently incapable of altering
its length, and if at the same time it receives neither voluntary
nor reflex nervous impulses, its fibres perish by degeneration, and
are absorbed.

A* muscle -fibre which is prevented from contracting, but is sub-

ject to stimulation by vigorous nervous impulses, may increase in

bulk and consequently become thicker. In time, however, such a

fibre becomes over-fatigued, and the result is generally fatty de-

generation and atrophy.
When a muscle receives abnormally powerful impulses through

the nerves, it usually hypertrophies, should exhaustion from over-

fatigue not supervene. Excessive tension of a muscle results in
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enlargement of its cross-section, while increased range of contrac-

tion induces permanent elongation.

Impairment of the functional power of a muscle may be caused

by section of its tendon or of the muscle itself, or by fixation of

the bones connected by a joint which is moved by the muscle. In
both cases muscular atrophy from disuse is the result, and is

most pronounced when the muscle is, under the new conditions, in

no way stimulated to contract. Such atrophy is still more rapid
in disorders of the innervation of the muscle, such as result from
morbid changes in the nervous system. There is indeed a whole
series of neuropathic atrophies in which wasting and disappear-
ance of the muscles is directly referable to disease of the central

or peripheral nervous system.
As regards the central nervous system, degeneration and atro-

phy of the large ganglion-cells in the anterior horns of the spinal
cord and grey nuclei of the medulla, and of the anterior nerve-
roots proceeding from these cells, are the chief causes of the class

of muscular atrophies specially distinguished as spinal and bulbar

amyotrophies. The extent of the muscular atrophy is naturally
proportional to the extent of the disease in the cord. It may be
confined to single muscles or to special groups of muscles in focal

diseases such as acute anterior poliomyelitis, myelomalacia, dis-

seminated sclerosis, tumours, degeneration from compression, etc.

On the other hand, atrophic degeneration successively affecting
the ganglion-cells of the anterior horns throughout the cord will

be accompanied by muscular atrophy gradually extending to all

the striated muscles receiving their nerve-supply from the affected

region. In this way paralytic affections are induced, whose
essential symptom is muscular atrophy increasing in extent and

intensity as years go on ; this type of disease has accordingly been

designated progressive spinal atrophy of the muscles, or more

briefly progressive spinal amyotrophy. It appears in its typi-
cal form in vigorous persons who have been previously healthy,
and as a rule first supervenes in those muscles that have been
most subject to exertion. Manual labourers often suffer first in

the muscles of the hand, particularly the interosseous and lum-
brical muscles, or those of the thenar and hypothenar eminences.
In other cases the disease begins in the muscles of the shoulder-

blade or of the arm. From the parts first affected the atrophy

slowly extends to other muscles or groups of muscles per saltum,
and usually involves both sides of the body, but in irregular se-

quence. In severe cases the atrophy extends over the greater

part of the muscular system. The muscles innervated from the

medulla oblongata may also be attacked (progressive bulbar

paralysis). Occasionally the process is arrested after a number
of muscles have undergone atrophy. The muscles of, the legs are

attacked, if at all, only in the later stages. In particular muscles

the striated fibres may almost completely disappear, so that only
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the fibrous structures connected with them remain. The atrophic
muscles are sometimes pale, sometimes colourless, sometimes
stained with brownish pigmentation.

Besides the typical form of progressive spinal muscular atro-

phy, first accurately described by DUCHENNE and AKAN, atypi-
cal forms also occur, which begin in other situations than those

described, for example in the lower extremities, whence the atro-

phy gradually extends upwards.
The neuropathic muscular atrophies may also, according to the

nature of the nerve-lesion, be limited to single muscles, or indeed
to single parts of one muscle

;
or they may extend over large por-

tions of the body (as in the muscular atrophy of tabes dorsalis).
In the latter case the atrophy is due to multiple degenerations of

the nerves. Probably the amyotrophy associated with chronic

lead-poisoning, and affecting chiefly the extensors of the arm,

belongs to this latter class.

Muscular atrophy and degeneration may further be due to

excessive exertion, the result of over-excitation (as in tetanus),
hard physical labour, or undue stretching such as is produced by
tumours growing beneath or between the muscles.

Local anaemia following the embolic occlusion of arteries,

though a frequent cause of degeneration in many other organs, is of

slight importance as a factor in muscular degeneration, inasmuch as

the abundant anastomoses of the muscular vessels enable collateral

circulation to be readily established. On the other hand, anaemic

necrosis is not an infrequent occurrence in cases of extensive

arterio-sclerosis with diminished power of the heart, especially in

advanced age. So, too, local compression (as in the case of bed-

sores or decubital necroses), haemorrhage into the muscular tissue,

inflammatory infiltration, etc., at times result in anaemic degen-
eration. In states of general depression of nutrition, or of

debility from chronic disease, the muscles often waste and become

pale from loss of their colouring matter (myohaemaglobin).
Infective febrile diseases, in which the bodily temperature is

raised, and in which the constitution of the blood or of the tissue-

juices becomes altered from the presence in them of toxic sub-

stances, also exert a deleterious influence upon the muscles, and

induce in them degenerative changes of various kinds.

Inflammation, hyperplasia of connective tissue, and proliferous

new-growths cause wasting of the muscles, partly by compressing
their 'fibres and partly by disordering their circulation, nutrition,

and specific function.

In many forms of muscular wasting it is impossible to deter-

mine with certainty the causes of the atrophy, and we are, therefore,

obliged to regard it as a primary myopatny. This is especially

the case with certain forms of progressive muscular atrophy, the

course of which is similar to that of the progressive spinal disease,

but in which no corresponding changes in the spinal cord can be
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demonstrated. Such lesions are accordingly distinguished from

spinal amyotrophy by the term progressive muscular dystrophy.
We may distinguish, according to the time of appearance of the
muscular wasting, an infantile form, one of adolescence, and one
of adult life (Eun): or again, according to the parts affected, a
form in which the muscles of the trunk, the lower extremities,
and the pelvis are those chiefly involved, the atrophy in some
cases being accompanied by excessive development of fat in the
muscular connective tissue (Art. 80) ; and a second form in which
the progressive atrophy mainly affects the muscles of the face,

shoulder, and scapula (DucHENNE, LANDOUZY, DBJERINE,
HITZIG).
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A.f. Psych, vin 1888
MARIE and GUINON: Clinical forms of primary progressive myopathy Rev. de

me'd. v 1885
ROTH : Pathogenesis of progress, muse, atrophy Ziegler's Beitrdge xm 1893
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79. Wasting of muscle takes place in many instances unac-

companied by any perceptible change in the structure of the con-

tractile substance, and is then termed simple atrophy. It occurs

chiefly in connexion with the adaptive shortening of muscles when
the functional demands on them are lessened, the muscle-fibres

undergoing a corresponding diminution in length and cross-

section. In more extensive atrophy, however, such as charac-

FIG. 164. SECTION THROUGH AN ATROPHIC MUSCULAR BUNDLE FROM A CASE OF
PROGRESSIVE SPINAL AMYOTROPHY.

(Preparation hardened in Mailer's fluid and alcohol, stained with Bismarck-brown, and
mounted in Canada balsam : X 200)

a normal muscle-fibres b atrophied muscle-fibres
c internal perimysium whose nuclei at c i are apparently increased

terises progressive spinal amyotrophy, the wasting of advanced

age, various cachectic conditions, and primary myopathic wasting,
the muscle-fibres sometimes disappear without previous alteration

of their structure. The fibres simply decrease more and more in

diameter (Fig. 164), are reduced to slender filaments, and at last

disappear altogether. When a certain degree of attenuation is

reached, it is usual, however, for the striation of the fibres to be

effaced. The myohaeinoglobin contained in the substance of the
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muscle generally disappears as the muscle atrophies, so that the
tissue becomes pale, at times almost colourless. In other cases
pigment is separated from the myohaemoglobin and deposited
within the muscle in the form of small yellowish and brownish
granules (Fig. 165 c), the muscle thereby acquiring a brownish
colour. Shortening may be associated with the wasting, the mus-
cular tissue being replaced from the ends inwards by tendinous
fibrous tissue.

Degeneration and wasting of muscle-fibres take the most vari-
ous forms, according as they occur in muscles whose nerves are

paralysed or whose tissues are

pertaded by inflammatory infil-

trations or proliferous tumour-
cells, or in muscles that have
been crushed, starved, over-

stretched, over-fatigued, or poi-
soned by infective toxins or
chemical substances. In such
cases simple atrophy is less com-
mon : more frequent are cloudy
swelling, fatty change, vacuola-

tion, fragmentation, lacunar ero-

sion, and waxy degeneration.
Cloudy swelling with albu-

minous degeneration is charac-
terised by the appearance of

multitudes of minute albuminous

granules in the protoplasm of the

muscle
; fatty degeneration by

the formation of minute globules
of fat in the interior of the con-

tractile substance (Fig. 165 a).

Wide-spread fatty degeneration
gives a yellowish colour to the

muscle. In dropsical or vacuolar

degeneration clear drops are

formed in the interior of the

muscle-fibres (Figs. 166 and 167),
either singly or in considerable numbers, so that the fibre appears
cribriform (Figs. 166 and 167 J), or is reduced to a froth-like

consistence. In lacunar erosion small pits are formed in the

ensheathing sarcolemma, resembling Mowship's lacunae in the

bones. These pits are caused by the intrusion of cells that lie in

the internal perimysium and indent the sarcolemma, or, penetrat-

ing the sarcolemma, compress the contractile substance and cause

it to disappear. This process is most commonly observed in

metastatic carcinomatous infiltration of the muscles. In frag-

mentation of the muscular fibres, the contractile substance breaks

FKI. HIT).

ruse of tigrrnding atrophy of
erior horn* of the .i/iimil cord :

PROORKMIYB >us< TLAR
ATROPHY.

(From
the (inter

tfosetl prejHimtinii : x .'<)())

a >t i i;it.-.l niii-rl.-iiliri' somewhat atro-

phied, containing fat and pigment-
gran tiles

ti pale homogeneous remains of the con-
tractile substance, containing fine

granules
c yellow pigment-granules
d proliferous muscle-cells
e sarcolemma
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up into fibrils or discs ; these may preserve their normal appear-
ance or may have already undergone cloudy or hyaline change.
Waxy or hyaline degeneration is characterised by necrosis with

coagulation of the contractile substance, whereby it acquires a

homogeneous glassy appearance and breaks up into hyaline flakes

FIG. 106. DROPSICAL MUSCLE-FIBRES.

{From the calf-muscle of a patient with chronic oedema of the legs : preparation fixed
in Flemming's acid solution, stained with saffranin, and mounted in Canada
balsam : X 45)

(Fig. 168 6). It occurs most frequently in typhoid fever, and

also, though somewhat more rarely, in the course of other infec-

tive diseases, such as septicaemia, small-pox, etc. It is observed

principally in the recti muscles of the abdomen and the adductors

of the thigh. Sometimes it appears as a result of crushing,
inflammation, burns, and tetanic

contraction of the muscles, and ,

accompanies the development of

a,

FIG. 167. TRANSVERSE SECTION THROUGH A MUSCL-E-BUNDLE CONTAINING DROPSICAL
FIBRES.

(Preparation hardened in Mailer's fluid, stained with haematoxylin, and mounted in

Canada balsam : X 66)

a muscle-fibre with small and large drops of liquid b

FIG. 168. WAXY DEGENERATION OR COAGULATIVE NECROSIS IN TYPHOID FEVER.

(Teased preparation : X 250)

a normal striated fibre c enlarged muscle-nucleus

6 degenerate fibre broken up into hyaline blocks
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new-growths in the muscle-substance. When the degeneration
is extreme, the muscle-nuclei are apt to disappear.When the degeneration and necrosis involve single fibres only,
the condition is not recognisable by the unaided eye. Degenera-
tion of a large number of fibres causes the muscles to assume a
pale, cloudy, and lustreless appearance, like those of boiled fish.

Slight cases of albuminous, fatty, or vacuolar degeneration may
recover on the resumption of normal conditions of innervation
and nutrition ; severer forms (Fig. 165 b) end in complete disin-

tegration and destruction of the muscle-fibres. In waxy degener-
ation the contractile substance perishes, breaks up into smaller and
smaller pieces (Fig. 168 6), and is at last absorbed.

Partially degenerate muscles that are stimulated to contraction
sometimes rupture and give rise to haemorrhage.

Both in simple and in degenerative atrophy proliferation of
the nuclei of some of the fibres is not uncommon. This prolifera-
tion leads sometimes to the formation of long chains of nuclei, and
sometimes to the formation of nuclear clusters that push aside the
rest of the fibre. In other cases sharply-defined uninuclear and
multinuclear cells are formed beside the atrophic fibres (Fig.
165 d). Both processes are to be regarded as indications of

regenerative hyperplasia of the muscle-cells, though they usually
do not lead to the formation of new muscle-fibres : the nuclei
themselves subsequently perish, especially when the conditions
unfavourable to preservation of the muscle are persistent. It

must be noted, nevertheless,, that the groups of nuclei often sur-
vive for a long time; and even when the muscle itself disappears,
numerous sarcoleinma-sheaths may still be found which contain

pigment-granules together with groups of nuclei or multinuclear
cells.

Gangrenous necrosis of the muscular tissue occurs most fre-

quently as a result of severe infective inflammations (Art. 82),
and in connexion with decubital bed-sores ; in other words, where
the skin and subcutaneous tissues of emaciated patients become

gangrenous from exposure to continued pressure. The muscles
become discoloured, changing to dark-brown or dark-grey, and
fall to shreds or become dry and shrivelled by evaporation. Dry
gangrene or mummification of 'the muscles ensues when mortified

portions of the limbs thus dry up on exposure to the air.

Amyloid degeneration is very rare, and seems to supervene
only as a local condition, and in parts altered by antecedent inflam-

mation. The degeneration involves the internal perimysium and
the sarcolemma, which are thereby thickened and acquire a trans-

lucent appearance, while the contractile substance disappears.
The process has been observed in the muscles of the tongue and

larynx (ZiEQLER), where the amyloid substance formed hard

nodular deposits.
Calcification of the muscles is most frequently observed in the



300 THE MUSCLES [CHAP. XXVI

parts surrounding inspissated residual abscesses and in inflamma-

tory cicatricial indurations. H. MEYER has met with calcifica-

tion in the wasted fibres of muscles that had undergone extreme

atrophy.

According to BENEKE ( V. A . 99 1884), waxy degeneration in non-striated
muscle-fibres gives rise to appearances (of hyaline streaks, bands, and frag-

mentary flakes) similar to those observed in striated fibres
; as in the latter case,

it depends on a process of swelling and coagulation of the muscular substance.
It may be artificially reproduced by soaking non-striated muscle in solution of
sodium chloride (0.75 per cent.).
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J80. In simple as well as in pigmentary and fatty atrophy the
perimysium often shows no perceptible change. Those cases in
which the atrophy is unmistakably due to local disease of the
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FIG. 169. SPINAL AMYOTKOPHY WITH LIPOMATOSIS.

(From the calf-muscle of a patient suffering from atrophy of thr anterior horn* of the

spinal cord: preparation hardened in <)ftiller's fluid, stained with Bismarck-brotcn,
and mounted in Canada balsam : x 00)

a transverse section of atrophic muscle- c fatty tissue
fibres d artery

b internal perimysium e veiu

fibrous structures of the muscle, for example to inflammation or

neoplastic growth, naturally form an exception. Hut instances

odc'ur, as in certain cases of progressive atrophy, wherein the

internal perimysium appears at times to be more fully developed
and more abundantly nucleated than in the healthy muscle, and
it is frequently transformed into fatty tissue (Figs. 169 and 170).
This development of connective and fatty tissue is sometimes so

marked that the apparent bulk of the muscle does not diminish,

but rather increases. The appearance has led to the application
to this affection of the term muscular pseudohypertrophy. It



302 THE MUSCLES [CHAP, xxvi

would be more correct to describe it as lipomatous pseudohy-
pertrophic atrophy of the muscles.

So far as our knowledge at present goes, the multiplication of
the nuclei and the increase of the connective tissue of the internal

perimysium are sometimes the cause and sometimes the effect of
the wasting of the muscle. Thus the condition of fatty hyper-
plasia may arise in paralysed muscles, in which the atrophy un-

doubtedly precedes the proliferation. The development of fat in

the connective tissue that takes place in progressive muscular

atrophy, as well as in local atrophy from disuse, is in many
instances evidently a secondary condition. The atrophy of the
muscles (Fig. 169 a b) may be already so far advanced that whole

FIG. 170. LIPOMATOSIS WITH ATROPHY OF THE CALF-MUSCLES.

(Preparation treated as in Fig. 169 : X 60)

a transverse section of a normal, otj of an disintegrated contractile substance

atrophic muscle-fibre, ei2 transverse
section of a sarcolemma-sheath with

6 connective-tissue septa
c fatty tissue

muscle-bundles no longer contain a single healthy fibre when the

deposition of fat (<?) begins, the fat in this case often remaining
strictly confined to the immediate neighbourhood of the blood-

vessels (d). The process can therefore be regarded only as an

amyotrophy with subsequent lipomatosis of the connective tissue.

In other cases the internal perimysium increases first, and is

transformed into fatty tissue while the muscles are still well pre-
served, much in the way observed in the process of fattening cat-

tle. The muscle-fibres (Fig. 170 a) are thereby forced asunder,
and as they thereupon or afterwards disappear (a l 2), sometimes
with disintegration of their protoplasm into fragmentary detritus,
it certainly looks as if the overgrowth of fatty tissue were the
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cause of the muscular atrophy. It is nevertheless possible that
the muscular atrophy and the lipomatosis of the connective tissue

may be contemporaneous and related to some common cause, or
that the muscular atrophy is due to some independent cause.

The most typical example of lipomatous pseudohypertrophy
is furnished by a special form of progressive muscular atrophy
observed in childhood, or at least in early youth, and especially
in boys. Fseudohypertrophic muscular paralysis, as it is clini-

cally termed, often appears in several children of the same family,
and is at times hereditary. It chiefly aft'ects the muscles of the

trunk, the pelvis, the lower limbs, and the shoulder-girdle, while
the hands and arms commonly escape. Most of the atrophic mus-
cles are at the same time enlarged in girth by the development of
fat within them ; but this enlargement is sometimes absent. The
affection is probably a primary myopathy, nearly related to the
other primary myopathic atrophies that occur in youth and exhibit
the same distribution, though at times they involve the face as

well as the shoulder and scapular regions (DucHEXNE of Bou-

logne, LANDOUZY, DEJEUINE). It should therefore be classed

with the muscular affections grouped under the term progressive
muscular dystrophy ( ERB). Probably the disease depends upon
some unknown congenital perversion of the muscular tissue, of

which all we can say is that, at the time of active growth or even

later, it leads to the development of connective tissue and fat in

the internal perimysium and to atrophy of the muscle-fibres.

According to ERB, SCHULTZE, and HITZH;, there are also muscular

dystrophies in which a state of true hypertrophy of the muscle-

tibres precedes the onset of atrophy.
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81. Hypertrophy of the muscles may be brought about by
increased muscular work, and is manifested both by lengthening
and by thickening of the fibres, and probably also by increase in

their number.
In rare cases (FRIEDREICH, AUERBACH, and BERGER) hyper-

trophy of single groups of muscles is met with, and is either

congenital or acquired in later life. In the latter case, injury or
disease (as in typhoid fever) may give rise to the condition. Ac-

cording to ERB, SCHULTZE, and HITZIG, in progressive muscular

FIG. 171. MUSCLE-FIBRES IK PROCESS OF REGENERATIVE PROLIFERATION,
TAKEN FROM WOUNDS OF DIFFERENT AGES.

(Preparation hardened in Fleniming's acid solution, stained with saffranin, and
mounted in Canada balsam : X 350)

split stump of a muscle-fibre with
pointed ends, showing karyokinetic
figures (three days after rupture)

proliferous muscle-nuclei transformed
into cells with abundant protoplasm,
one of them in process of mitotic sub-
division

portion of a muscle-fibre eight days
after constriction by ligature

d giant-cell enclosing a fragment of ne-

crptic
muscle (from a muscular cica-

trix twenty-six days old)
e and/ muscle-fibres ending in protoplas-

mic masses or muscle-buds (e from a
cicatrix ten days old, / from a cica-

trix twenty-one days old)

g subdividing muscle-fibre (from a cica-

trix forty-three days old)

dystrophy, and even in certain cases of spinal amyotrophy, single
muscle-fibres or whole fasciculi may be hypertrophic. In the

condition known as Thomson's disease, or congenital myotonia
(STRUMPELL, ERB), due to some congenital injury and manifested

by disorders of voluntary movement, by tense rigidity and slow
relaxation of the muscles, and by apparent hypertrophy with
diminished contractile power, ERB states that there is coftsiderable

hypertrophy of the separate muscle-fibres, with marked increase

of their nuclei and modification of their finer structure. The
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modification consists in a homogeneous appearance of the fibres
on section, with indistinctness of their striation and the formation
of vacuoles within them. Further investigation is required before
we can be certain that these details are correct. The measure-
ments of the fibres regarded as hypertrophic have hitherto been
made only in fragments of muscle taken from the living subject,
and as the very process of excision induces contraction and physi-
ological thickening of the fibres, no strict comparison with fibres

from the dead body is possible.

Regeneration of muscle starts in all cases from the elements
of the muscle itself, in such wise that after an injury affect ing all

the 'constituent structures the connective tissue reproduces con-
nective tissue, and the muscle-fibres new muscle-fibres, and the
latter thereupon penetrate into the newly-formed connective tis-

sue. After section of a muscle a scar of connective tissue is first

formed out of granulations in the usual way ; but this scar in the

course of a few weeks becomes permeated by new muscle-fibres.

The formation of the new muscle-fibres begins by proliferation
of the muscle-cells (Fig. 171 a), followed by an increase of their

protoplasm. In this way, at the ends or in the course of the

fibres, multinuclear aggregations of protoplasm are formed ( Fig.
171 c ef); these continue to grow and ultimately form so-called

muscle-buds, from which by a subsequent process of differentia-

tion striated contractile substance is produced. The growing
muscle-fibre at times undergoes longitudinal subdivision (a b\
either before or after the formation of the muscle-buds, so that one

older fibre may give rise to two or three younger fibres (</).

Not only do those muscle-nuclei proliferate that remain at-

tached to the intact contractile substance, but also those that have

become detached at the seat of injury or degeneration, and these

become transformed into large uninuclear or multinuclear cells

(6 d). It is still uncertain how far these cells contribute to the

regeneration of the muscle. The greater number probably perish,

though it is possible that the protoplasmic masses formed by them

are converted into contractile substance. If the sarcolemma con-

tains products of the disintegration of the old muscle-fibres, the

new-formed multinuclear cells or sarcoblasts may assimilate them,

or at least enclose (d) and ultimately destroy them.

References on Hypertrophy of Muscle and Congenital Myotonia.
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MARTIUS and HANSEMANN: Myotonia congenita intermittens V. A. 1171889
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82. Myositis, or inflammation of the muscles, is usually a

secondary result of inflammations in the neighbouring parts and
of traumatic injuries ;

but it is also occasionally induced by con-

tamination of the blood, or by disturbances of the circulation.

Inflammations of the first-named kind extend as a rule from the

bones and joints, or from parts of the skin and mucous membrane

overlying the muscles. They may, however, also reach the muscles
from other contiguous parts of the body, such as the pleura, the

tissue about the kidney, or the peritoneum.

Haematogenous inflammations, due to contamination of the

blood, are for the most part of the nature of bacterial infection ;

they arise, for example, from pyaemic infection due to wounds,
infective osteomyelitis, puerperal pyaemia, acute rheumatic ar-

thritis, glanders, or typhoid fever. It is, however, to be remarked
that infiltration does not invariably result from the inflammation

;

frequently the condition gives rise to little else than degeneration
of the contractile substance.

The slightest forms of myositis, such as are due to alteration

of the blood, as in typhoid fever, to slight injuries such as strains,

bruises, haemorrhages, and the like, or to extension from inflam-

mations of the contiguous parts, are generally transient. They
are manifested by infiltration of the perimysium with liquid, and
accumulation of round-cells in the connective tissue. The mus-
cular fibres often remain intact throughout. When they also

suffer, cloudy swelling, fatty degeneration, and coagulative necro-

sis make their appearance.
A febrile disease has in recent years been described by various

writers under the name of acute primary polymyositis (P.
WAGNER, UNVERRICHT, HEPP, STIIUMPELL, LEWY). Its clinical

symptoms are pain, disorders of voluntary movement, and oedema-
tous swelling of the tongue and it may be of most of the muscles
of the body. STRUMPELL has found in the affected muscles granu-
lar and vacuolar degeneration of the fibres, with loss of striation

and proliferation of the nuclei, and aggregations of small cells in

the intermuscular connective tissue.

Inflammations that do not destroy the structure of the muscle
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recover without leaving permanent alterations. Scars and indur-
ations result from more intense inflammations. In cases of

purulent inflammation (purulent myositis) suppuration of the
muscle may be the ultimate result. The muscle, which at the
commencement of the inflammation was hyperaemic and swollen,
begins to change colour, becomes mottled with red, brown, yel-
low, and greyish-green, and is soft and friable

; it may finally
change to yellow or greyish-yellow, or from admixture with
blood, to brown or greyish-green, and break down into a semi-

liquid pulp, containing shreds of macerated muscle. At a later

stage abscesses are formed
; sometimes these are single, but at

times' they are very numerous, so that an entire muscle or group
of muscles becomes riddled with abscesses of all sizes, and the

intervening muscular tissue is changed in colour to grey, yellow,
greenish, or dirty-brown.

Purulent and gangrenous inflammations of muscle occur only
as consequences of infection, and their course is accordingly de-

pendent upon the nature of the exciting cause; malnutrition

may, however, favour the disintegration of the muscular tissue.

Open infected wounds, phlegmonous inflammation of the sub-
cutaneous cellular tissue, severe erysipelas, or faecal abscesses

starting from the intestine, are the most frequent causes of sup-
puration, gangrenous necrosis, and putrid inflammation of muscle.
The haematogenous forms (as in infective osteomyelitis) are

rarer, and commonly have a merely purulent character. When
the stage of suppuration and- abscess has been reached, and the

muscular tissue has consequently been destroyed, a permanent
loss of substance remains. Small abscesses may be re-absorbed,

larger ones may heal after evacuation of the pus either externally
or into the intestine, the pleiiral cavities, the lungs, etc. At the

place where a collection of pus meets the living tissue, the inflam-

matory process gives rise to the formation of granulations, and
afterwards of connective tissue : when recovery takes place, a

cicatrix or induration remains within the muscle, and in the

course of time becomes smaller through contraction. Probably
such cicatrices are, at a later stage, partially replaced by muscular

tissue.

Should the inflammatory process be long kept up in a muscle

by some persistent cause of irritation, due, for example, to the

proximity of an inflammatory lesion, a cutaneous ulcer, an inflam-

mation of the bone, a foreign body, or a hydatid or if the

inflammatory process be recurrent, as in those inflammations that

lead to elephantiasis of the skin and subcutaneous tissue hyper -

plasia of the connective tissue, similar to that which occurs in the

healing of suppurative lesions, is apt to be induced.

In situations where the muscle is completely destroyed, its

place is afterwards occupied by dense connective tissue only. If

the muscular fibres are partially preserved, the hyperplastic tissue
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gradually encroaches along the planes of the periraysium ; and
thus the muscle is at length more or less completely pervaded by
dense white bands and septa of connective tissue, in which the

muscle-fibres are as it were embedded.

References on Myositis.
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83. Tuberculosis of the muscles is usually secondary to

tuberculous disease of neighbouring organs ; but primary haema-

togenous tuberculosis is also occasionally met with.

As regards the first form, it is generally tuberculous disease

of the bones and joints that causes the affection in the muscles,

inducing in them inflammatory processes which lead to indurative

thickening of their connective tissue, the formation of cheesy nodes
and cold abscesses enclosed by a granulating membrane contain-

ing tubercles, and the formation of sinuses with indurated walls

covered with granulations. At the hip-joint the surrounding
muscles may in great part become altered in this manner ; and in

tuberculous caries of the lumbar vertebrae cold abscesses are often

formed which extend along the ilio-psoas muscle to Poupart's liga-

ment, and thence burrow to the surface between the muscles of

the thigh. Occasionally the pus descends along the surface of

the psoas only, the muscular connective tissue becoming somewhat

hyperplastic and the substance of the muscle slightly discoloured.

In other cases tubercles are formed and suppurative disintegra-
tion ensues in the muscular tissue itself, which becomes riddled
with pus-secreting cavities and at length is more or less" completely
destroyed. Similarly in tuberculosis of the cervical and thoracic
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vertebrae, the connective tissue in and between the adjacent
muscles is often the seat of indurative, caseous, and necrotic
tuberculous inflammation.

In like manner tuberculous disease of a mucous membrane,
such as that of the tongue or the vocal cords, or tuberculosis of
the skin (as in lupus), is liable to invade the muscles. In both
cases tubercles, isolated and in groups, make their appearance in

the muscular connective tissue: these afterwards caseate and break

down, while new foci are formed in the surrounding portions, and
the intermuscular connective tissue becomes hyperplastic.

The available researches on haematogenous tuberculosis of the

museles are as yet few and incomplete, so that we cannot say what
share the muscles take even in general miliary tuberculosis. l*n-

doubtedly when tubercle-bacilli are disseminated by way of the

blood, tubercles sometimes develope in the muscular connective

tissue, and single or multiple nodules are thus formed, which later

on become foci of cheesy disintegration with indurated walls, or

give rise to cold abscesses enclosed by granulating walls contain-

ing tubercles. Soft tumour-like growths, resembling sarcomata,
and partly caseous, are also occasionally formed. All of these

forms are somewhat rare ; their frequent'}' has, however, probably
been under-rated hitherto. They occur in all or any of the mus-

cles, and sometimes attain considerable dimensions.

Syphilitic affections of the muscles lead either to indurative

thickening of the muscular connective tissue, with atrophy of the

muscle-fibres (syphilitic fibroid myositis), or to the formation of

caseous gummata embedded in cicatricial tissue. These last occur

most frequently in the muscles of the upper extremities, in those

of the neck, throat, and back, and in the tongue and the external

sphincter of the anus (NEUMANN). In some instances they form

nodes of considerable size.

In glanders large and small abscesses are formed in and

between the muscles. In actinomycosis affecting the muscles

soft fatty granulations, masses of indurated connective tissue, and

abscesses are produced.

References on Tuberculosis and Syphilis of Muscle.
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OSTERMAYER: Syphilitic myositis A.f. Derm. 1892
VIRCHOW : Die krankhaften Geschwiilste

84. Bony formations in the shape of splinters, plates, and

spicules sometimes develope, under pathological conditions, in the

perimysium of the muscular bundles, in the fasciae, ligaments,
and tendons, and in the intermuscular connective tissue.

One variety arises in an isolated way and developes either with-
out any perceptible external cause and without inducing any signs
of irritation, or after a single or recurrent traumatic injury ; it

sometimes appears also as an outcome of chronic inflammation of

the affected part.
The traumatic forms are most frequently met with in the del-

toid and pectoral muscles and in the adductors of the thigh, where
their production is demonstrably connected with the slight but

repeated injuries inflicted, in the former case by the impact of a

heavy rifle against the shoulder, in the latter by the pressure
of the saddle. They are accordingly described as 'drill' and
' rider's

'

bones. Such bones are much more rarely found in other
muscles ; but they have been described as occurring in the arm-
muscles of gymnasts.

In a second variety the production of bone in the muscles is the
essential symptom of a peculiar disease of young persons, which
is commonly described as progressive ossifying myositis.

This affection is characterised by the appearance of doughy
and often painful swellings in the muscles, fasciae, tendons, and

periosteum, followed by local ossification as soon as the swelling
subsides. These swellings are sometimes traceable to slight in-

juries, but occasionally no external cause can be discovered.

The disease usually begins in the muscles and fasciae of the

neck, back, and thorax, and thence extends to all parts of the

body. As the process goes on for years, with occasional periods
of arrest, large portions of these tissues may become the seat of

bone-formation. Flakes, scales, and knobbed and branching frag-
ments of osseous tissue appear in the muscles, fasciae, and tendons
in ever-increasing numbers. The contraction of the muscles, and
the movements of the limbs, of the vertebral column, of the head,
and of the lower jaw, are more and more interfered with; and
thus when at length bony ankylosis of the joints ensues, move-
ment is no longer possible, and the body becomes like a rigid
statue.

The way in which the bony growths are distributed through the

tissues varies in different cases. Sometimes the perimysium of

the muscular bundles and fibres is the tissue chiefly affected ; in

other cases it is rather tne tendons and fasciae that undergo ossi-

fication. Frequently most of the bony growths are from the first
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seated directly upon the bone, and so form exostoses ; occasionally
also parts of the bones themselves are overgrown. It is therefore
difficult to draw a sharp line of distinction Iwtween such cases and
cases of multiple exostosis without ossification in the muscles

The formation of new bone (Fig. 172) always takes place in
the connective tissue and in a manner

corresponding precisely to
that exemplified in periosteal ossification. Thus bone may l>e
formed either from proliferous germinal tissue (y) or from con-
nective tissue (a), and that either directly or indirectly (b l>. c d)
through an intermediate cartilaginous stage.

FIG. 172. OSSIFICATION IN A ' DRILL ' BONK.

(Preparation hardened in Mailer's fluid, decalcified with picric acid, stained with

haematuxylin and carmine, and mounted in Canada balsam : X 100)

a external fibrous covering of the bone
6 61 small-celled cartilage stained red
c large-celled cartilage stained bluish-red
d osseous trabectilae formed from re-

sidual cartilage
e fully-developed osseous trabeculae

layer of ostoblast8
osseous trabeculae developing
groups of osteoblast*

marrow-tissue
blood-vessels

from

Throughout the whole process the muscle-fibres remain passive.
As they are encroached on and compressed by the bone growing
in their perimysium, and are rendered functionally useless by the

gradual fixation of the limbs and joints, they in the end undergo
degeneration and atrophy.

In the isolated as well as in the multiple and progressive

variety the morbid ossification is most probably due to some pecul-
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iarity of constitution in the fibrous tissues of the muscles, fasciae,

ligaments, and tendons. These tissues appear to be endowed ab

origine with certain qualities that normally are possessed only by
the periosteum. Periosteal tissue has, so to speak, strayed into

the texture of the tendons, fasciae, ligaments, and muscles, or no

sharp delimitation of territory has been effected between the tissues

that meet about the bone. In certain cases coexisting malforma-
tions of the limbs (such as microdactylia) have been described.

References on Ossifying Myositis.
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ZOLLINGER : Case of wide-spread ossification Inaug. Diss. Zurich 1867

85. Primary tumours of the muscles themselves are some-
what rare, the intermuscular and fascial connective tissues being
much more frequently the structures in which deep-lying neo-

plasms of the limbs and trunk are developed.
Fibromata, lipomata, angiomata, myxomata, and chondromata

are all rare. Rhabdomyomata have been observed only in a few
cases (BILLROTH, VON BUHL).

Sarcomata, fibro-sarcomata, myxo-sarcomata, and myxo-lipo-
sarcomata are the most frequent neoplasms of muscle ; they form
tumours of various sizes, within which the muscle-fibres perish.
The growth developes from the connective tissue.

Carcinomata occur only as secondary growths, generally in

cases where carcinoma of the breast, the lips, the skin, or the

stomach invades the neighbouring muscles, or is diffused by the

lymphatics : more rarely the growth is disseminated by the trans-

port of cancer-germs through the blood-vessels. The cancerous

growth takes the form either of a diffuse infiltration of the mus-
cular tissue or of more or less numerous nodules, often arranged
in rows corresponding to the general direction of the muscular
bundles. The muscle-fibres are destroyed as the cancer grows.
Not infrequently the cancer-cells force their way into the sar-

colemma-sheaths, and produce in the contractile substance pits
and excavations resembling Howship's lacunae.

The animal parasites of muscle include Trichina, Vysticereus
cellulosae (measle), and Echinococcus (hydatids).
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CHAPTER XXVII

THE TENDOXS, SHEATHS, AND BURSAE

86. The tendons proceeding from the muscles consist of

bundles or fascicles of dense non-vascular connective tissue,

bound together by loose vascular interfascicular tissue. Exter-

nally, the fascicles are enclosed in a fibrous sheath connected with
the interfascicular tissue.

The tendon-sheaths are membranous envelopes surrounding
the tendons, but almost completely separated from them, within

which they are therefore free to move to and fro. The space
between is lubricated by synovial liquid secreted by the sheath.

The non-vascular tissue of the tendinous fascicles is not liable

to primary changes, but the tendon is often affected by extension

of disease from adjacent parts, and the tendon-sheaths are subject
to various diseases peculiar to themselves. Wounds, bruises,

strains, and excessive exercise of the tendons and their sheaths, as

well as inflammations in the neighbouring parts, often lead to the

inflammatory affections known as tendinitis and tendo-vaginitis

(teno-synovitis) .

Haematogenous inflammation of the tendons and sheaths is

also possible when matters capable of exciting inflammation are

conveyed to them by the blood, such as pyogenic micrococci,

gonococci, and pneumococci.
In acute dry tendo-vaginitis deposits of fibrin are formed

upon the inner surface of the sheaths, so that when the hand is

placed upon them a rubbing or creaking sensation is felt as the

tendon moves to and fro. The condition is most frequently
observed in the tendons of the back of the forearm in manual
labourers.

Acute purulent tendo-vaginitis is very frequently set up
after injuries, and by extension of purulent inflammation from a

contiguous part (as from a whitlow or 'felon'). It is indicated

by the accumulation of pus in the space between sheath and ten-

don, and by cellular infiltration of the loose interfascicular tissue.

The tendon itself becomes cloudy and swollen : not infrequently
the interfascicular tissue suppurates, the fibres of the lendon are

loosened, and the fascicles fall apart and become necrotic. If the

inflammation recovers without necrosis, adhesions are commonly
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formed between sheath and tendon
; but complete restoration of

the normal relations is not impossible.
In cases of gout, urates are sometimes deposited in the tistme of

the tendons, and induce necrosis or inflammation accompanied by
the formation of new
fibrous tissue. The tissue

surrounding and between
the fascicles undergoes
active proliferation, and
the fascicles are forced

asunder by the growing
cellular tissue ; the parts
encrusted with crystal-
line deposits are at the

same time surrounded by
germinal tissue with or

without giant-cells. The

process might according-

ly be described as prolif-
erous gouty tendinitis

and tendo-vaginitis.
Tuberculous tendo-

vaginitis is met with
as a primary affection,

and also as a secondary
result of tuberculosis in

contiguous bones or

joints. The tubercles

develope mainly in the

walls of the tendon-

sheaths, and their forma-
tion is often accompanied
by effusion or exudation.
In the more advanced

stages of the disease

fungous pus - secreting

granulations are formed
and cover over the sur-

face of the tendons. At
thfe same time the walls

of the sheaths become

Fio. 173.
' HOUR-GLASS

' HYGKOMA UK TKK KHBATH
OF THE DIGITAL FLKXOB TKNDOX8.

(Preparation from the Museum of Clinical Surgery
at Tubingen: reduced to one-ha(f the naturttl $tze)

cc,

ddj.

tendons of the flexor sublirais digitorum

hygroma of their sheaths

tendons of the flexor longus pollicia

hygroma of their sheaths

thickened by fibrous hy-

perplasia, and by the

deposition of tubercles

singly and in groups.
Chronic irritation causes an increased quantity of liquid i

secreted by the sheath of a tendon, and it is thereupon distended

into a kind of cyst ;
this is described as a hygroma of the tendon-
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sheath, or hydrops tendo-vaginalis. It is commonest in the

tendons of the hand (Fig. 173 bb
l dd^), and especially in the

sheaths of the flexor tendons of the palm. As the sheaths pass
under the anterior annular ligament, the swelling is constricted

in the middle, and takes the shape of an hour-glass or double sac.

In some cases the sheaths of the digital portions of the flexor

tendons degenerate, in others the sheaths of the back of the hand,
and more rarely the sheaths of the tendons of other muscles.

Hygromata of the tendon-sheaths are generally symptomatic of

tuberculous disease, and often contain so-called rice-bodies (cor-

puscula oryzoidea). These are small loose bodies like grains of

rice or melon-seeds, and are derived either from exfoliated necrotic

fragments of the proliferous sheaths (Fig. 175), or from fibrinous

coagula. They are composed mainly of homogeneous matter or

of flaky scales ; sometimes they are made up of stratified layers

enclosing a few cells.

Divided tendons, if they do not suppurate, are re-united by
connective tissue ; this does not exactly correspond in structure

with the original tendon, but is more like cicatricial tissue, with
a greyish-white and somewhat duller appearance. Repair is

effected by proliferation of the tendon-cells and of the surrounding
fibrous tissue.

Arborescent lipoma is a very rare affection of the sheaths of

the tendons ;
it consists of branching papillomatous outgrowths,

containing fat and growing from the synovial lining.

According to HIRSCHSPRUNG (Jahrb. f. Kinderheilk. xvi 1881), TROISIER

(Progres med. 1883-84 and Union me'd. 1884), REHN (IV Congr. f. inn. Med.
Wiesbaden 1886, and Gerhardt's Handb. der Kinderkrankh. in), BARLOW and
WARNER (Trans. Internal. Med. Congr. London iv 1881), and PRIOR (Miinch-
ener med. Woch. 1887), nodules from the size of a pin's head to that of a bean
are apt to develope in the course of articular rheumatism (nodular rheumatism)
within the circumarticular ligaments and tendons, on the periosteum, and on
the subcutaneous aponeuroses. These rheumatic nodules persist but a short

time, and are composed of germinal fibre-cellular tissue. They commonly dis-

appear within two months at most.

References on the Morbid Anatomy of Tendons and Sheaths.

ADAMS : On the reparative process in human tendons after subcutaneous division

London 1860
;
Trans. Path. Soc. xxi London 1871

BELTZOW: Development and repair of tendons A. f. mikrosk. Anat. xxn 1883
BEGER: Tuberculosis D. Z.f. Chir. xxi 1884
BERKART : Pathology of the gouty paroxysm B. M. J. i 1895
BILLROTH : Regeneration of tendons Beitrdge z. path. HistoL Berlin 1858
BONER : Regeneration of tendons V. A.I 1853
BUSSE : Repair of tendons D. Z. f. Chir. xxxin 1892
CAZANOW : White tumours of the synovial sheaths These Paris 1866
DOMBOWSKI : Repair after tenotomy Inaug. Diss. Kdnigsberg 1869
GINSBURG : Inflammation and regeneration of tendons V. A. 88 1882
HAECKEL: Lipoma arborescens Cent. f. Chir. 1888
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JACOBY and GOLDMAN* : Tendovaginitis suppurativa gonorrhoica BeHriige ton
tfruns xil 1894

PIROGOFF: Ueber die Durchschneid. der Arhillegxehne Dorpat 1840
SCHUCHARDT : Tuberculosis and syphilis of tendon-sheaths V. A 135 1894
VERNEUIL : Tuberculosis Gaz. des hop. 1860
VIERING : Regeneration of tendinous tissue V. A. 125 1891

References on Ryyroma of the Sheaths and Bursae.

GARRE : Primary tenosynovitis lieitrdge von Brung vn 1891
GOLDMANN: Rice-like bodies of the sheaths and bursae Zieyler's Beitrdge vii

189O
HQEFTMAN : Ganglion and chronic fungous tenosynovitis (proliferous hyirroma)*

Inaug. Diss. Konigsberg 1876
LANDOW : Fibrin and its transformations in hygrorna of the sheaths Lanqen-

leck's Arch. XLVII 1895
NEUMANN, E. : Picrocarmine-staining in the study of inflammation A. f mitr.

Anat. xvni 1880
NICAISE, POULET, and VAILLARD : Tuberculous nature of hygromata and

tenosynovitis with rice-like bodies Re:: de chir. 1885
SCHUCHARDT: Rice-like bodies in sheaths and joints V. A. 114 1888
WEICHEL : Ganglion crepitans Acrelii Inaug. Diss. Giessen 1858

87. The bursae are saccular cavities containing clear synovia
and enclosed by a iibrous membrane with a smooth inner surface,
and situated in the connective tissue. They are formed in places
where the muscles or tendons move over bony parts, or where
skin, fasciae, and muscles are continually exposed to pressure and

slipping movement. They are thus to some extent acquired
structures ; and accordingly some of them are inconstant, while
others develope, in special circumstances, in parts that ordinarily
do not possess them.

In acute inflammation of the bursae, variously termed acute
bursitis or acute hygroma, a serous, sero-fibrinous, or purulent
effusion is poured out and distends the sac, and thus a fluctuating
tumour is formed. The inflammation usually arises from contu-

sions, wounds, or bruises, more rarely from haematogenous infec-

tion. Purulent inflammation sometimes extends from the bursa

to contiguous parts.
Chronic bursitis most frequently takes the form of a collection

of liquid in the bursal sac (hydrops bursarum or hygroma). At
first the contents of the sac are usually mucilaginous and viscid;

la,ter on they become thinner and more limpid, losing their muci-

laginous character. Few hygromata exceed the size of a middle-

sized apple, though much larger cysts have more than once been

observed.

The commonest seat of hygroma is in front of the patella

('housemaid's knee'); here it is due to cystic degeneration of

the prepatellar bursa, a sac consisting of three intercommunicating

pouches.
The wall of the hygroma is usually thin; but if the condition
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is of long standing it may be considerably thickened (Fig. 174),
and may afterwards acquire a dense scar-like consistence, with
here and there patches of calcification. Deposits of urates have
been observed in the bursae in cases of gout. At times the wall

is notably thickened from the out-

set, and then the amount of liquid

present in the sac is small.

Bursal hygromata occasionally
contain rice-like bodies (Fig. 174),

resembling those found in the hy-
gromata of the sheaths of tendons.

They consist of flaky (more rarely

stratified) homogeneous masses

(Fig. 175 c 6), and sometimes en-

close spindle
- cells. They arise

either by the exfoliation of circum-

scribed hyaline necrotic patches
from the wall of the hygroma, or

from fibrin deposited from the ex-

udation in the form of free lenticular grains, which become adher-

ent to and gradually coalesce with the cyst-wall. They are

usually indicative of tuberculous disease. Occasionally the cyst-
wall produces villous outgrowths in the form of small peduncu-
lated fibrous grains ; these become necrotic and fall away from
their filamentous peduncles, and may thus give rise to the loose

rice-like bodies in question. When the finger is pressed upon
one of these hygromata filled with loose bodies, a peculiar feeling
of crepitation is perceived : such a cyst is accordingly described

as a crepitant ganglion.
In rare cases nodules of fibrous tissue or of proliferous cartilage

are developed in the walls of hygromata, and lead to the formation
of loose bodies varying in size from that of a pea to that of a

chestnut.

FIG. 174. SECTION THROUGH A DI-
LATED PREPATELLAR BURSA WITH
FREE AND FIXED RICE-LIKE BODIES.

(Natural size)

FIG. 175. SESSILE RICE-LIKE BODIES FROM A PREPATELLAR BURSA.

(Sectionfrom the specimen of Fig. 174: preparation hardened in Mailer's fluid, stained
icith haematoxylin and eosin, and mounted in Canada balsam : X 45)

a wall of the bursa c rice-like body resting oft the surface
6 hyaline mass in the wall of the bursa, and containing scattered cells

part containing nuclei and part being d deposit of fibrin

denucleated



ART. 87] GANGLION

Fio. 1"(. WALL OF THK THI KKNH>
BUKSA OK THK ULKCKANON WITH
NODULAR FIBROUS <iKo\VTH.S.

(Seen from the inner turfare : natu-
ral size)

Haemorrhages may occur both in previously normal bursae
and in hygromata, as a result of injury or of some di.sturbanee of
the circulation. Such haemorrhages are accompanied by more
or less copious precipitation of fibrin, and give rise to' bursal
haematomata.

Tuberculous inflammation of the bursae may be either a
primary or a secondary affection. The development of tubercles
in the wall of the sac is sometimes associated with serous effusion,
producing tuberculous hygroma. Fungous granulations appear
upon the inner wall of the sac in the more advanced stages of
the process, the wall thereby becom-

ing* thickened and permeated bv
granulomatous growths that after-

wards undergo caseous degenera-
tion.

A ganglion is a round, oval, or

lobate cyst, varying in size from
that of a pea to that of a pigeon's
egg, and containing a reddish-yellow

crystalline jelly, or a mass of colloid

matter. According to the investi-

gations of LEDDEKHOSE, the ganglion
is really a new-formation, usually
appearing in the tissue immediately adjacent to a joint, more rarely
at some little distance from it, and due to gelatinous or colloid

degeneration of the connective tissue and to the coalescence of
numerous smaller cavities filled with the gelatinous matter so pro-
duced. On the dorsal aspect of the intercarpal joints the ganglion
usually lies either above the space between the trajR'zoid and the

os magnum, or over that between the scaphoid and the semilunar
bone. The formation is probably induced by the chronic recur-

rence of slight mechanical injuries. It sometimes disappears spon-

taneously by the absorption of its contents.

References on Diseases of the Bursae and on Ganglion.

BARWELL : Diseases of the joints London 1861
FALKSON: Ganglion and fungous tenosynovitis Lnnyenlieck'x Arch, xxxn 1885
HKIXKKK: Die Anatomic und Pathologic der Schleimheutel and Sehnen*cheidett

Erlangen 1868
LEPDERHOSE: Aetiology of carpal ganglia D. Z. /. Chir. 37 1893 (with refer-

'ences)
Mi< IION: Tumours of the fore-arm These Paris 1851
RIEDEL: Tuberculosis of the bursae D. Z.f. Chir. 10, 11

SCHUCHARDT: Origin of subcutaneous hygroma V. A. 121 1890
TEICHMANU : The theory of ganglion Inaug. Diss. Gottingen 1856

TBKHDKLKKBUBG : Lanqenbeck's Arch, xxi
VIRCHOW : Wilrzburaer 'Verhandlunaen n 1851, and Die krankhaflen Geschu-iUtte I

VOOT: Deutsche Chimryie part 64 1881
VOLKMASN : Pitha and Billroth's Handb. d. Chiruraic n Erlangen 1872
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CHAl'. XXVLtl, AKT. 88J THE SPINAL COED

CHAPTER XXVIII

% THE SPIXAL CORD AND ITS MALFORMATIONS

88. The spinal cord has the form of a somewhat flattened

cylinder, and is composed of white and grey matter. The white
matter invests the exterior, while the grey matter lies in the in-

terior and extends uninterruptedly throughout the entire length
of the cord.

The grey matter has in transverse sections the form of an H
(Fig. 178), with two anterior (c.a. ) and two posterior (c.p.)
horns, and a middle connecting portion, the grey commissure.
The grey commissure encloses a tubular cavity lined with cylin-
drical cells, the central canal (.?.), which divides the commis-
sure into an anterior and a posterior portion. The anterior horns
are throughout more voluminous than the posterior, though their

size and configuration vary considerably in the different segments
of the cord. They are smallest in the thoracic region.

In the lower cervical and upper thoracic portions of the cord
the anterior horn has a lateral process opposite the grey commis-
sure (<?J.) described as the intermedio-lateral tract, or lateral horn.

Numerous minor processes radiate from the margins of tin- grey
matter into the white; these have been called septula medullaria.

On the outer side of the neck of the posterior horn, behind the

lateral horn, is a network of grey matter interspersed with white,

which has received the name of processus reticularis.

At the apex of the posterior horn is the gelatinous substance
of Rolando, which contains ganglion-cells, and passes anteriorly
into the spongy substance of the posterior horn.

The anterior roots of the spinal nerves take their exit from

the^apex of the anterior horns, the posterior roots enter at the

apex of the posterior horns.

The white matter in each half of the cord consists essentially

of longitudinal medullated nerve-fibres embedded in a fibrous

supporting structure, and is divided by the grey matter into

three main portions, of which that medial to the anterior root is

known as the anterior column, that medial to the posterior horn

and root as the posterior column, and that between the anterior

and posterior horns as the lateral column.
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motor-cell

commissu
ral-cell

tract-cell

The grey matter abounds in ganglion-cells and fine and coarse nerve-fibres,
which are supported by the neuroglia. Around the central canal is a mass of

tissue known as the substantia gelatinosa centralis, composed essentially of

neuroglia and containing no ganglion-cells.
The neuroglia-cells (Belters' cells or astrocytes) consist of a small cell-

body and numerous fine filamentous processes ;
most of these processes are of

no great length, in other words the majority of the stellate neuroglia-cells are

of the short-rayed type. Among the neuroglia-cells must also be reckoned the

cylindrical cells lining
the central canal, each
of which terminates in

a thread-like process.
The ganglion-cells

(nerve-cells or neuro-

polar, having only one

axis-cylinder or polar
process (axon or neur-

axon), and numerous
dendritic protoplasmic
processes (dendrites),
which anastomose and
interlace into a close-

meshed felt. Accord-

ing to the function of

the cells, and the course

of their polar processes,
various kinds of gan-
glion-cells are distin-

guished as motor, com-

root-gang- missural, etc. (GoLGi,
lion cell RAMON Y CAJAL, KoL-

LIKER, LENHOSSEK).
The motor-cells lie

in two groups in the

cervical and lumbar re-

gions, in one group in

the thoracic region, of

the anterior horn.

They are very large,
and each gives origin
to a nerve-fibre that

passes forward and

obliquely downwards,
and becomes the axis-

cylinder of the anterior

root of a motor nerve

(Fig. 177).
Each of the com-

missural-cells sends
its polar process through the anterior commissure to the anterior column of

the opposite side (Fig. 177) ;
here it divides into an ascending and a descend-

ing trunk-fibre, each of which at different levels gives off branch-fibres to the

grey matter, and at length ends in branches of the same kind.
The tract-cells which, partly scattered, partly in groups, are situated in

the central part of the anterior horn and in the lateral and posterior horns,
send their axis-cylinder processes, after these have given off fie collateral

twigs into the grey matter, into the anterior, the lateral, or the posterior column

(Fig. 177). There each process divides into ascending and a descending trunk-

interior-cell

FIG. 177. SCHEME OF THE POSITION AND CONNEXIONS OF
THE GANGLION-CELLS AND POSTERIOR ROOTS OF THE
SPINAL CORD.

(After STOHR)
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the ulterior column of the same side, the other to that of the opposite sfde
I he interior-cells, winch are found only in the posterior horns (Via 177)have each an axis-cyhnder process which subdivides /nto fine terminal bencheswithin the prey matter of the same or of the opposite side (Gonji)The root-ganglion cells lie in the gangliomc enlargement, of the posterior

roots, and each has a ..olar process which divides close to its origin into two
fibres, one with a peripheral and the other with a central course These cells
are therefore sometimes regarded as bipolar (Fig. 177). The fibre which enters
the cord through the posterior root divides again into au ascending and a

co.u

CM...

- Psb
c.p.-

Fia. 178. DIAGRAMMATIC CROSS-SUCTION OF THK SPINAL CORD SHOWING THK TRACTS
OF THE WHITK MATTER.

c.a.

C.I.

c.p.
c.c.

co.a.

r.a.

r.p.

f.l.a.

(cornu anterius) anterior horn f.gr.
(cornu laterale) lateral horn /.en.
(cornu posterius) posterior horn
central canal in the grey commissure Ksb
anterior white commissure
(radix anterior) anterior root Psb
(radix posterior) posterior root
(Jisnura longitudinalis anterior) an- Pvb
terior fissure

(septum longitHdinale posterius) v. W.z.

posterior septum

(funiculu* gracilis) Goll'scolumn

(fiiniculux cuneatus) Burdach's
column

(Kleinhirnxeitenbahn) direct cer-

ebellar tract

(I'l/rainitltilst'itrnbtihn) crossed

pyramidal tract

(Pjironiitlalvtiriterbahn) direct

pyramidal tract

( rordert Wnrzflznne) anterior

radiculur zone

descending trunk. Each of these, after giving off collateral branches to the

grey matter at different levels of the cord, ends in terminal branches within

the grey matter, and so effects direct connexion between the root-ganglia and
the ganglion-cells (including the motor-cells) of the grey matter of the cord.

The white matter, which consists chiefly of longitudinal medullated nerve-

fibres of various thicknesses, has a supporting framework composed partly of

connective tissue accompanying the blood-vessels, partly of neuroglia whose
stellate cells (astroblasts) are long-rayed, having many long processes as well

as short ones which twine about the medullary sheaths of the nerve-fibres.

According to their function and their course, various tracts or systems of fibres

are distinguished in the white matter.
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The motor pyramidal tracts have their origin in the motor region of
the cerebral cortex, and pass through the internal capsule, the crus, and the

pons, into the medulla oblongata, where most of the fibres cross to the other side

at the decussation of the pyramids. The crossed portion passes downward as

the crossed pyramidal tract in the posterior part of the lateral column, the
uncrossed portion as the direct pyramidal tract (column of TURCK) in the

medial part of the anterior column. Both tracts are connected with the ante-

rior horn of the corresponding side (LKNHOSSEK) at various levels by means
of fine collateral and terminal branches given off by the fibres, which terminate

FIG. 179. DIAGRAM OF THE NUCLEI OF THE CEREBRAL NERVES IN THE FLOOR OF
THE FOURTH VENTRICLE.

a funiculus gracilis
6 funiculus cuneatus
c restiform body
d striae acusticae
e inferior cerebellar peduncle
/ crus cerebelli ad pontem or middle

cerebellar peduncle
g cms cerebelli ad corpora quadrigem-

ina or superior cerebellar peduncle
h corpus quadrigeminum posticum
i crus cerebri

III nucleus of the oculomotor nerve
IV nucleus of the trochlearis nerve

FI nucleus of the motor root of the tri-

facial (trigeminus) nerve
VI nucleus of the abducens oculi nerve
VII nucleus of the facial nerve
XI nucleus of the spinal accessory nerve
XII nucleus of the hypoglossal nerve

V% upper sensory nucleus of the trifacial

nerve
V3 lower sensory nucleus of the trifacial

nerve
nuclei of the auditory nerveVIII

IX nucleus
nerve

of the glossopharyngeal

X nucleus of the vagus nerve

in minute ramifications within the anterior columns. Often all the fibres of

the direct pyramidal tracts end before they have got beyond the cervical and
thoracic segments of the cord.

The direct cerebellar tracts have their origin in groups of ganglion-cells
that lie at the inner side of the neck of the posterior horn (CLARKE'S vesicular
column and STILLING'S nucleus), and are best developed in the thoracic re-

gion. After they enter the lateral columns they give off collateral branches
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passing downwards, and ascend along the outer border (Fig. 178 Ktb) of the
lateral columns to the superior vermis of the cerebellum.

The remaining regions of the anterior and lateral columns have been
named by FLKCH8IG the anterior

ground-bundle, the lateral ground-bundle,
and the lateral limiting tract, respectively. The last-named is situated between
the crossed pyramidal tract and the posterior horn. BKCIITKHEW, passing from
before backwards and from within outwards, describes the succession of parts
thus: the anterior ground-bundle, the lateral ground-bundle, the fibres of the
lateral tract, the antero-lateral tract (GowERs' bundle, anterior to the direct
cerebellar tract), and the medial bundle of the lateral column. These all have
their centres in the grey matter of the cord, and passing partly upward, partly
downward, give off collateral branches and end at different levels in the grey
matter. GOWEKS' bundle contains chiefly ascending fibres, which arise from
cells partly in the anterior horns, partly in the central zone of the grey matter.
Their terminal ramifications have not been made out.

In the posterior columns we distinguish the postero-external column
of Burdach or funiculus cuneatus (Fig. 178 fc. n.), placed externally, and
the postero-internal column of Ooll or funiculus gracilis (f.gr.), 'placed
medially. They both chiefly include radicular fibres from the root-ganglia,
which divide and pass partly upward, partly downward, and from point to point
during their course give off collateral brandies to the grey matter. The descend-

ing branches terminate after a short course, the ascending branches are of various

lengths. Some of the longer fibres, passing into the column of (ioll, give off

collateral branches, and extend as far as the clavate nucleus of the funiculus

gracilis in the medulla. Others end in the nucleus cuneatus, others in the

vesicular column of Clarke, and others again in the grey matter of the j>osterior
and anterior horns of the same side. A few pass through the posterior grey
commissure to the opposite side.

Besides the radicular fibres, the posterior columns contain some few fibres

from the grey matter. In the posterior roots are also some outgoing fibres pass-

ing to the root-ganglia.
The medulla oblongata forms the meeting-place of spinal cord and brain,

and here accordingly the cord undergoes certain changes of structure and con-

figuration. First, the central canal is displaced dorsally and opens out into the

fourth ventricle (Fig. 179). Secondly, the grey matter is as it were redis-

tributed, white arid grey forming between them peculiar reticulations and dis-

crete aggregations of ganglion-cells, which give origin to the cerebral nerves

(Fig. 179 III-X).
Accompanying the dispersal of the grey matter there is displacement of the

conducting tracts of white matter. The crossed
pyramidal

tracts at the decus-

sation of the pyramids pass over to the opposite side and assume a ventral posi-

tion, while the short connecting tracts, that unite different parts of the grey

matter, sink deeper into the interior. The column of Goll and the column of

Burdach pass, as the funiculus gracilis (Fig. 179 a) and funiculus cuneatus (/<).

to the side of the fourth ventricle, and form with the direct cerebellar tracts

and the arcuate fibres of SOLLY the restiform body (c), and farther on the

inferior peduncles of the cerebellum (e).
Fresh masses of grey matter now make their appearance, and fo.-m the

substratum of the olives, the parolivary bodies, the nucleus gracilis, the nucleus

cuneatus, and other like structures. Arcuate fibres also are seen along with

the longitudinal fibres ; they lie partly on the exterior and partly in the interior

strata and are interlaced with the longitudinal fibres.
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References on the Structure of the Spinal Cord (see also Art. 106).

ADAMKIEWICZ : Blood-vessels of the cord Wien. Sitzungsber. 1881, 1882
BECHTEREW : Die Leitungsbahnen im Gehirn und Ruckenmark Leipzig 1893
CAJAL, R. Y: Structure of the central nervous system A. f. Anat. u. Physiol.

1893
CRAMER : Beitr. z. Anatomic der Medulla oblong, u. d. Brticke Jena 1894
EDINGER: Zwolf Varies, uber den Ban der nervosen Centralorgane Leipzig 1894
FLECHSIG : Die Leitungsbahnen im Gehirn und Ruckenmark Leipzig 1876, and

A. d. Heilk. xviu, xix
GAD : Centren u. Leitungsbahnen im Ruckenmark 1884
GOLGI : Minute structure of the cord, A. ital. per le mat. nerv. xviu 1881, Anat.

A nzeiger v 1890
;

Unlersuch. ub. d. feineren Bau des Nervensystems Jena
1894

GOLL : Denkschr. d. med. chir. Gesellschaft d. Cantons Zurich 1860
GOWERS : Antero-lateral tract Lancet i 1886
His : Histogenesis and interconnexions of the nerve-elements Trans, internat.

med. Congr. n Berlin 1891; A. f. Anat. (supplement) 1890; Die Neuro-
blasten und deren Entstehung im embryonalen Mark Leipzig 1889

KADYI : Ueb. d. Blutgefdsse des menschl. Ruckenmarks Lemberg 1889
KOLLIKER : The spinal cord Z. f. wiss. Zool. 51 1890; Handb. d. Gewebelehre

u 1893
LENHOSSEK: Der feinere Bau des Nervensystems Berlin 1895
LISSAUER : Course of fibres in posterior horn A. f. Psych, xvn 1886
MARIE : Diseases of the spinal cord (New Syd. Soc.) London 1895
OBERSTEINER and HILL : Anatomy of central nervous system London 1890
ODDI and Rossi : Afferent paths in the cord A . ital. de biol. xv 1891
RIESE : Results of Golgi's method of silver-staining Cent. f. allg. Path, n 1891
TOLDT : Lehrbuch der Gewebelehre Stuttgart 1888
UNVERRICHT : Double decussation Neurol. Cent, ix 1890

89. The malformations of the spinal cord that are associated

with malformations of the vertebral canal are dealt with in the

volume on General Pathological Anatomy. When the vertebral

canal is normally formed, the spinal cord is seldom malformed to

any great extent; frequently, however, it exhibits minor devia-

tions from the normal condition, some of which are associated with
disorders of its function.

The external form of the spinal cord is seldom much altered;

but cases of abnormal slenderness and shortness (micromyelia),
of local defects and partial duplications (diastematomyelia),
and of asymmetry, are now and then met with. Defects of

single nerve-roots are not infrequent.
The cause of abnormal slenderness and of asymmetry of the

cord is in part defective development of particular tracts, in part

unequal distribution of the pyramidal tracts, the fibres of one side

crossing entirely, or nearly so, at the decussation of the pyramids,
while most of the fibres of the other tract descend on the original
side.

Defective development of the tracts is sometimes primary
and sometimes secondary; both forms are met with in the poster-
ior columns (KAHLEB, WESTPHAL, JADERHOLM, SCHULTZE), as
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well as in the others (KAHLER, PICK, WESTPHAL, FLKCHSIU,
Fi KSTNElt). The defect may at a later period form the starting-
point of a progressive disease. The causes of primary agenesis
and hypoplasia are for the most part beyond our knowledge: the
secondary varieties are chiefly due to absence or imperfect develop-ment of the centres or terminal organs connected with the tracts in

question, or to separation of these from their centres. For exam-
ple, agenesis or destruction of the motor area of the cortex cere-
bri causes incomplete development or even destruction of the

corresponding pyramidal tracts. Sometimes defective develop-
ment of the tracts and centres occurs in connexion with other
local developmental defects, such as imperfect formation of the
central canal and the structures surrounding it.

Abnormal arrangement of the grey matter and displacement
of certain parts of it into the white matter, a condition known as

heterotopia, may occur in any portion of the cord, and result in

very marked abnormality; the condition is, however, infrequent.
It should be noted that post-mortem mechanical injury of the cord

may occasion distortions and displacements of the grey matter
that look very like such heterotopic malformations.

Abnormality of the central canal and of the grey commissure
is not uncommon; it chiefly takes the form of morbid enlarge-
ment and partial duplication of the canal, and of morbid over-

growth of the neuroglia of the grey commissure with the formation
of cysts of disintegration in the proliferous tissue (compare Hvdro-

myelia and Syringomyelia, and Multiple Sclerosis, Arts. 95 and IHJ).

References on Malformations of the Spinal Cord.

ADAMKIEWICZ: Absence of dorsal posterior roots V. A. SS 1882
BEXEKE: Diastematomyelia with spina bifida Wa</ner'.< J-\stschr. Leipzig 1887
BOXOME: Partial duplication A. per le sctenze innl. xi 1887
BRAMWELL : Diseases of the spinal cord Edinburgh 1895
BUCHHOLZ: Developmental anomalies A.f. Psych, xxn 1890
FLECHSIG : Ueber Syttemerkrankungen Leipzig 1878
FI'RSTXER and ZACHER : Developmental anomalies A.f. Psych, xn 1882
VAX GIBSON : Artefacts of the nervous system New York AM. Journ. 1892
KOSSOWITSCH : Structure of the cord in a microcephalic child V. A. ll^S 1892
LEIJEDEFK : Duplication of the central canal in animals I'. -I. <s <> 1881
LKNHOSSEK : Duplication of the cord Catinstntt's Jnhresber. 1858
LEYDEX : Klinik der Ruckenmarkskrankheiten I Berlin 1874
NOXNE: On a peculiar family affection A.f. Psych, xxn 1890
OELLACIIER : Duplication of central canal Wien. Sitzungsber. LXVIII 1873,

Innsbrucker Sitzungsber. 1875
PICK: Defects of the cord Prager med. Woch. 1881; Duplication A. /.

Psych, vni 1877
VON RECKLIXGHAUSEN : Spina bifida V. A. 1051886
RUFFINI : Heterotopia of grey matter Ziegler's Bfitrtige xvi 1894

STEINLECHXKR-GRETSCHISCHXIKOFF: Structure of the cord in microcephalia

A.f. Psych, xvn 1886
SULZER : Spina bifida with duplication of cord Ziegler's BeitrOge xii 1893
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CHAPTER XXIX

DEGENERATION AND INFLAMMATION OF THE SPINAL CORD

90. The nerve-fibres and the ganglion-cells of the cord are

structures that are exceedingly sensitive to injurious influences,
and the nerve-fibres in particular are very easily destroyed. In

many cases the causes of atrophy and degeneration of the nerv-

ous elements of the cord and medulla oblongata can be determined
with certainty from the course of the disease and the morbid

changes discovered ; but in other, and these not infrequent cases,
the cause cannot be made out. Marasmus or general wasting
from old age or disease, and general anaemia, may induce simple

atrophy or degenerative changes ; and long-continued disuse or

cessation of function also causes considerable wasting in the

FIG. 180. ATROPHY OF THE LEFT ANTERIOR HORN FROM QTTRA-UTERINB AMPUTA-
TION OF THE LEFT FORE-ARM.

(From VON KAHLDEN)
o normal, b atrophic, anterior horn

nerve-tracts concerned. For example, amputation of a limb gives
rise, after an interval of some years, to perceptible atrophy of the

posterior columns and sensory roots, of the anterior horns (Fig.
180 6) and vesicular columns of Clarke, and often of the motor
tracts of the corresponding side, the atrophy being manifested by
diminution in size and in number of the ganglion-cells (6) and
nerve-fibres. The number of nerve-elements thus lost is usually
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greater in young persons than in adults, and is greatest of all

when the peripheral organs have been destroyed during intra-

uterine life.

A further cause of degeneration of nervous tissue is found
in disorders of the circulation; and ischaemia from arterio-

sclerosis, hyaline arterial degeneration, thrombosis, or embolism,

gives rise, as does also haemorrhage by rupture or by diapedesis,
to a marked local degeneration of the cord known as ischaemic
and haemorrhagic myelomalacia. It is very probable that

there are many poisonous substances which are capable of

inducing not only functional disturbance but also degenerative

changes in the central nervous sys-

tem, and particularly in the spinal
cord. At any rate, in many diseases,

such as chronic tuberculosis, diabetes,

and syphilis, degeneration of the cord

is a not uncommon symptom, and is

hardly otherwise to be explained than

on the assumption that not only the

general anaemia, but also the presence
of special noxious substances in the

blood, have a degenerative effect on
the nerve-fibres. Moreover, it has

been demonstrated by TUCZEK that

chronic ergotin-poisoning induces in

man a typical degeneration of the

posterior columns. This shows that

poisons do exist outside the body,
which, when ingested, exert a degen-
erative action on the central nervous

system. A like action on the ganglion-
cells, and especially on the motor-cells,

is ascribed by many authorities to

arsenic, lead, and mercury.

Among the most common causes

of degeneration of the cord are trau-

matic injuries and gradual compres-
sion. The former result chiefly from

fracture and dislocation of the spinal column, with consequent

protusion of bone into the vertebral canal (Fig. 181), or displace-

ment of the vertebral bodies and arches (Fig. 90), whereby the

cord is nipped and lacerated. Mere contusion or severe concuss

of the spine may also give rise to textural change and degenera-

tion of the cord, and of course cuts, stabs, and gunshot wounds

are capable of destroying its structure.

From the researches of LEYDEX and NIKIFOROFF it appears

that the rapid variations of atmospheric pressure to wl

divers and caisson workers are subject, when they come up from a

FlO. 181. CONTRACTION' OK THE
\ KKTEr.lt Al. CANAL BY CRUSH-
ING ANI> PROTRl'SION OX THK
SIXTH THORACIC VKKTKBRA.
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great depth to the surface, are apt to cause destruction of the

substance of the cord, with laceration of the nerve-fibres. The
cause is probably the rapid liberation into the tissues of bubbles
of nitrogen absorbed by the blood under the high pressure to

which it is exposed.
Compression of the cord is most frequently occasioned by

tuberculous proliferation in the epidural space, by tumours (Fig.

182), and by displacement of the vertebrae or collapse of their

bodies from caries. The compression ensues sometimes very
gradually, sometimes rapidly ; indeed, between compression and

crushing no sharp line of distinction can be drawn. When the

compression increases but slowly, the degeneration is chiefly due
to interference with the circulation of the blood and lymph.

FIG. 182. COMPRESSION OF THE LUMBAR CORD BY CAVERNOUS TISSUE WITH DILATED
VEINS FORMED ON THE DORSAL SURFACE OF THE PIA MATER.

{Preparation hardened in Mutter's fluid and alcohol, embedded and cut in celloidin,
stained with haematoxylin and carmine, and mounted in Canada balsam : X 4)

a dura mater d d: transverse section through the an-

compressed cord
venous spaces

terior roots
e e transverse section through the pos-

terior roots

Inflammations of the substance of the cord or of the pia
mater lead in the first instance to lo'cal degeneration within the

infiltrated region ; they may however give rise to more extensive

degeneration, especially when wide-spread oedema accompanies
the local cellular infiltration. For example, purulent or tuber-

culous spinal meningitis may be combined with oedema involving
the whole of the cord (Art. 103, Fig. 209), whereby its sectional

diameter may be doubled.

The causes of inflammation of the cord are of many kinds;
and according to the nature of the inflammatory irritant and its
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mode of action we may classify the several varieties as traumatic,
infective, toxic, haematogenous, lymphogenous, and conducted
or secondary. Inflammation is frequently caused by the forms
of degeneration already referred to, since the more intense local

degenerations are apt to be combined with exudative processes,
and in the later stages with hyperplastic proliferation. It is thus

impossible to draw a sharp line between simple degenerations and
inflammations, and accordingly the term myelitis has been applied
both to processes that from the outset are characterised by inflam-

matory exudation, and to others that begin as degenerations and

only in the later stages of their course are combined with morbid
exultation and proliferation.

References on Atrophy of the Spinal Cord from Lou or Under-

growth of the Limbs.

DAVIDA : The nerve-roots and ganglia in peroltrachins V. A . ** 1882
DRESCHFELD: Amputation Jotirn. of Anal, xiv 1879 (with references)
EUINGKR : Cord and brain in congenital absence of the fore-arm V. A. 89 1882

(with references)
FRIEDLANDER and BRAUN : Changes in the cord after amputation Fortschr. d.

Med. iv 1886
GRIGORIEW: Changes in cord after amputation of limbs Z.f. Heilk. xv 1894
HAYEM and GILIIERT : Changes in nervous system after amputation A. de

physiol. in 1884
HoMivN : idem Ziegler's Beitriiye vni 1890
vox KAHLDEN : Inflammation and atrophy of the anterior horns Zirgtrrs

Beitriiye xm 1893
LEYDEN : Klinik der Rtickenmarkskrankheiten n Berlin 1876
PELLIZZI: Changes in the spinal cord after amputations A. ital. de bid. xvm

1892
REYNOLDS: Amputation Brain ix 1886
VULPIAN : Examination of the cord in cases of amputation A. de physiol. 1868,

1869, Gaz. des hop. 1872

References on Anaemic, Traumatic, Toxic, and Infective Degenera-

tions and Inflammations (see also Art. 1*1).

BECK : Case of anaemic softening Inauif. Digs. Tubingen 1887

BELMONDO : Pellagra Riforma medica 1889
BONOME : Tetanus A . per le scienze med. xv 1891

CLKMENS: Concussion of the spinal
cord Deutsche KliniL- .

CRAMER: Morbid anatomy of Landry's paralysis Cent. f. ally. /M/A. n

DKMANOE : Sclerotic lesions of the spinal vessels Rev. de med. 188

EIIKLICII and BRIEGER: Effect on the grey matter of the lumbar <

'temporary ligation of the aorta Z.f. Win. Med. 1884

EISENLOHR : Acute affections of the medulla and pons ,-i . /. Psych

FLEINER : Changes in the sympathetic and cerebro-spmal systems in Add

di<.-ase Cent.f. ally. Path, u 1891

GRUNFELD : Action of ergot on the cord A . f. Psi/ch. 3

VON KAHLDEN: Addison's disease Ziegler'* Be.tni,^
.1891 ;

I..nammatic

atrophy of the anterior horns ibidem xm 1893; Pohomyeh!

m : ^lori.idTnatomy of paralysis agitans (atrophy of the nerve^lements

and thickening of the vessels) Prager Z.f. Heilk. xm 189
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KLEBS : Explanation of Landry's paralysis Virchotv's Festschrift (Assistenteri)
Berlin 1891

LAMY : Spinal lesions of vascular origin A. de physiol. vn 1895
LEYDKN : Klinik der Rilckenmarkskrankheiten Berlin 1874-76; Cord-affections

due to sudden lowering of air-pressure A. f. Psych, ix 1879; Multiple
neuritis and ascending atrophy after influenza Z. f. klin. Med. xxrv 1893

LICHTHEIM : Pernicious anaemia Verh. d. VI Congr.f. inn. Med. 1889; Changes
in the cord in general diseases Cent.f. allg. Path, i 1890

MAYEH : Anaemia of the cord Prayer Z. f. Heilk. iv 1883
vox MOXAKOW : Lead-poisoning A. f. Psych, x 1880
NAUWERCK : Origin of softening of the cord Ziegler's Beitrage n 1887
XIKIFOROFF: Changes in the cord from sudden lowering of the air-pressure

Ziegler's Beitrage xn 1892
NONNE : Pernicious anaemia A. f. Psych, xxv 1893
OBERSTEINER : Concussion of the cord Wiener me<l. Jahrb. 1879
OPPENHEIM : Morbid anatomy of lead-palsy A.f. Psych, xvi 1885
OTTO : Aneurysms of the spinal vessels A . f. Psych . xvi 1885
POPOFF : Arsenic, lead, and mercury V. A. 93 1883; Changes in the nervous

system in rabies V. A. 122 1890
PUGIBET : Paralyses in dysentery Rev. de me'd. viu 1888
DE QUERVAIN: Changes in the nervous system after removal of the thyroid

(negative result) V. A . 133 1893
REINHOLD : Focal and systemic degeneration Cent.f. allg. Path. II 1891
SCHAFFER : Pathology of rabies Ziegler's Beitrage vn 1890
SCHULTZE : Lead-palsy A.f. Psych, xvi 1885
STIEGLITZ: Experimental researches on lead-poisoning (degeneration of the

ganglion-cells of the anterior horns and roots) A.f. Psych, xxiv 1892
SUMMA : Changes in the cord in phthisis Jnaug. Diss. Freiburg 1891
TIZZONI : Effects of removal of the adrenals in rabbits Ziegler's Beitrage vi 1889
VON TSCHISCH : Poisoning with morphine, atropine, silver nitrate, and potassium

bichromate V. A. WO 1885
TUCZEK: Ergotism A.f. Psych, xin 1882, xvm 1887
WESTPHAL : Nervous affections after small-pox and typhoid A. f. Psych, in

1872

91. Simple atrophy of the spinal cord or of its parts, with-

out any very striking alteration of structure, appears as a senile

change or as a result of disuse, for example after the ampu-
tation of a limb (Fig. 180). It also appears in the absence of

these conditions, and from causes unknown to us. It may in-

volve the nerve-fibres as well as the ganglion-cells, and it is at

first indicated by diminution in size (Fig. 184 a a^), and later on

by complete disappearance, of these elements. The most im-

portant variety is progressive atrophy of the anterior horns,

characterised chiefly by progressive diminution in size of the

ganglion-cells. The anterior horns, which normally abound in

ganglion-cells (Fig. 183 a), come at length to contain only a few
scattered cells, and in certain spots none at all, while the nerve-

fibres of the grey matter and of the anterior roots for the most

part disappear outright (Fig. 184).

Degeneration of the cord and myelitis are, so far as the

nervous elements are concerned, indicated in the early Stages by
disintegration of the myelin into drops of peculiar form (Fig.
185 a d), that soon yield the reaction of fat with perosmic acid,
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Fig. 183. TRANSVKRSE SECTION THROUGH THK APKX OK THE LEKT ANTERIOR HORN
OF A NORMAL SPINAL CORD AT THK LKVEL OK THE FOURTH CERVICAL NERVES.

(Preparation hardened in trailer's fluid and alcohol, rtained vith havmatorylinand carmine, and mounted in Canada balsam : x l.
r
iO)

a ganglion-cells
6 horizontal tracts of nerve-fibres within

the grey matter
&i anterior nerve-roots
c transverse sections of nerve-fibres in

the adjacent white matter

d fine and coarse nerve-fibres running in
various directions, some cut trans-

versely
some longitudinally

e nuclei of the neuroglia-cells

Fig. 184. TRANSVKHSK .SKCTIOX THROUGH THK AI-KX OK AN ATHOPHIC ANTERIOR HORN
AT THE LKVBL OF THK FOURTH CKRVICAL NERVKS.

(From a woman of about forty who diedfrom ascending atrophy of the anterior Horns:

preparation hardened in Miiller'g fluid and alcohol, stained with hafmatorylin and

carmine, and mounted in Canada balsam : X 150)

a normal ganglion-cells r transverse section of nerve-flbree of the

a\ Bticnliie ganglion-cells white matter
6 surviving nerve-fibres of the grey mat- (/ blood-vessel

ter e nuclei of the neuroglia-cells
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and breaking up into minute globules (e) disappear; by irreg-
ular and often marked swelling with subsequent disintegration
of the axis-cylinders (c Cj); and by swelling with vacuolar,

hyaline, and fatty degeneration, sometimes followed by disinte-

gration, of the ganglion-cells ("white softening). Inequalities in

the amount of the myelin ensheathing the axis lead to the forma-
tion of varicose nerve-fibres (5); irregular swelling of the axis

itself to the formation of varicose axis-cylinders (cj).
If an inflammatory exudation with cellular infiltration co-exists

with the general disintegration, leucocytes are intermingled with
the detritus of the nerve-matter, or cellular infiltration appears
about the blood-vessels, as the leucocytes collect first in the

lymph-sheaths that sur-

round the vessels and are

continuous with the sub-
arachnoid spaces. In cases

of haemorrhage red blood-

corpuscles are of course con-

tained in the disintegrating
tissue (red softening).
The neuroglia-cells often

remain unchanged, even in

cases where there is much
disintegration of the nerve-

elements ; but not infre-

quently they perish with
the nerve-cells within the

region of degeneration: in

this way the destruction of

the substance of the spinal
cord may be so complete
that only the vessels and
the larger meshes of the

supporting connective tis-

sue remain. Even these

may however be destroyed,
at least in part, in cases

of extensive necrosis and suppuration of the cord.

In primary inflammation and in noninflammatory degenera-
tion, an accumulation of migratory cells within the altered tissue

takes place, owing to the presence in it of the products of disin-

tegration. These cells, taking up by their amoeboid movements
the detritus of the cord, and in particular the granules of myelin,
are converted into fat-granule cells (Fig. 185/). When haemor-

rhage has supervened, pigment-granule cells are formed, which

are loaded with the products of disintegration of the blood

(yellow softening).
When the tissue is completely disintegrated, the various pro-

Fig. 185. DEGENERATION OF THE CORD FROM
COMPRESSION.

(Teasedpreparationfrom the white matter : X 300)

a nerve-fibre with coagulated myelin sheath
6 axis-cylinder with some adherent myelin
c naked axis-cylinder
Ci naked and swollen axis-cylinder
d free myelin drops
e free detritus of the myelin and axis-cylinders
/ spherical cells with fat-granules
g small-round-cells
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ducts of disintegration and the granule-carrying cells are mingled
together ; and if the neuroglia remains, those cells occupy the
place of the destroyed nerve-fibres in the meshes of the sunimrtiiiLrframework (tig. 180 d). The granule-cells, which are first seensome days after the onset of the degeneration, may l>e leucocytes
extravasated from the blood-vessels; to these, however, newlv-
formed cells derived from the proliferation of the connective tissue
Of the vessels and vessel-sheaths, and sometimes of the pia mater
also, are soon added, and in the later stages of the process these
proliferous cells probably predominate.

During disintegration of the nerve-tissue liquid always collects
alcJhg with the infiltrated cells within the region of disintegration;
in this liquid the products of disintegration become partially dis-
solved. According to STROEIJE, rounded homogeneous or Wa-

rm. 18<. MYELITIS FROM COMPRESSION.

(Fourth week after the compression : preparation hardened in Mailer's fluid and alcohol,
stained with haematoxytin and carmine, and mounted in Canada balsam : X 5O>)

a supporting tissue of the white mat- d largp fat-jrranule cells, the fat being
ter dissolved out

b vacant nerve-spaces e blood-vessel
c persistent nerve-fibres / adventitia of the blood-vessel with fat-

granule cells

sionally stratified globules, the so-called corpora amylacea, are

developed from the swollen axis-cylinders; these resist solution

and remain permanently lodged in the tissue. In certain very
rare cases, when the destructive process involves isolated cells

only, the altered ganglion-cells are liable to become calcified.

The pigment-granule cells sometimes remain a long time within

the area of disintegration, and then perish. Those, however, that

originate from proliferous connective tissue have the power, after

the dissolution of the detritus they enclose, of taking part in the

formation of new connective tissue. Some may pass into the

circumvascular lymph-spaces of the cord (Fig. 186 /) and thence

reach the pia mater and the subaraclmoid spaces.
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The restoration of the foci of degeneration and inflammation

begins by the dissolution and removal of the products of disinte-

gration and the inflammatory exudation, and of the haemorrhagic
estravasation if it have occurred, a clear liquid taking their place.

Reparative proliferation is simultaneously set up, chiefly in the

neuroglia and connective tissue. Ganglion-cells once destroyed
are not reproduced. According to STROEBE'S observations in

animals, nerve-fibres may in certain places (such as the entrance-

point of the posterior roots and the pyramidal tracts) grow out

again from axis-cylinders still connected with their ganglion-cells.
Such regeneration must, however, take place to a very limited

extent in man, if indeed it ever occurs at all ; it does not lead to

restitution of what has been lost, and it never restores the broken
connexions of the nerve-fibres with their terminal organs or parts.

FIG. 187. SCLEROTIC TISSUE FROM THE POSTERIOR COLUMN (DISSEMINATED
SCLEROSIS).

(Preparation hardened in Mailer's fluid, stained by MALLORY'S method and mounted
in Canada balsam : x 500)

a neuroglia-cell with numerous processes 6 sclerotic tissue, neuroglia-fibres iu

in longitudinal section transverse section

Proliferation of the neuroglia makes its appearance chiefly in

cases where the degenerative changes have affected the nerve-ele-

ments only ; it sometimes, however, occurs in parts where the

disintegration is complete. When abundant it may lead to the

formation of new tissue of firm and compact texture, a condition

which is called sclerosis. Sclerotic tissue consists of a thick

interlacing felt-work of fine fibres (Fig. 187 a 6), radiating from
nuclear centres (a) and derived from the elongated ramifying

processes of the stellate neuroglia-cells (a). If the prolfferation
is less abundant the new tissue has a looser structure (Fig. 188);
but its basis of branching neuroglia-cells, composing a plexiform
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intervascular network (d) whose meshes are filled with liquidcan still be recognised.
The complete development of sclerosis always requires a con-

siderable time, it may be many months. The original structure
ot the cord remains distinct in the white matter, provided it is not
entirely disintegrated, inasmuch as the spaces formerly occupied
by the nerve-hbres are not completely tilled up by neuroglia (Fig18< 6). As the fibres run for the most part in the longitudinal
direction, in a cross-section they are cut transversely (Fig. 1*7 )
there .are, however, places where they run mainly in a horizontal
direction, and there of course the cross-section will cut them longi-

a Lr^i\^' <>\v" 1'an^ 1 '

> i

xkr ' Uiii - S-^-il- * \: i~W *.'

FIG. 188. GREY QELATIXOUS DKOKNKKATIOX OK THK ANTKKIOR HORN OK THE < ORI>.

(From the lumbar conl twenty months after the onset of acute i><>lioini/elitiii : jtrriHirtitiim
hardened in Mailer's fluid, stained with haematoxylin ami carmine, and mounted in
Canada balsam : X 200)

A white matter c round-cells with no processesB apex of the anterior horn d bloo<i-v'.H.sels

a atrophic anterior rootsdevoid of nerve- e sclerosis of the adjoining portion of the

fibres white columns
6 branched neuroglia-eells forming a net- / dense sclerosis of the border o f the an-

work of fine glistening h'bres terior horn

tudinally. The closeness and density of the sclerotic tissue van-

greatly with the duration of the process and the nature of the de-

generation.
In the grey matter the fully formed sclerotic tissue is some-

times close, sometimes loose in texture (Fig. 188 B). If the

tissue collapses and shrinks, the sectional area of the cord, or it

may be of the affected givy matter only, is diminished.

The sclerotic patches appear grey in colour, as they contain no
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myelin.
'

Dense scleroses look firm and dry even to the unaided

eye. Loose-textured patches seem gelatinous, and do not indeed
deserve the name of scleroses; a more suitable term to distinguish
the condition from the true or hard scleroses would be grey
gelatinous degeneration.

Connective tissue forms in the cord chiefly after severe lesions,
such as section, laceration, and suppuration. The proliferation
starts from the pia mater and from the adventitial sheaths of the

vessels; and in the process of repair it builds up granulation-tissue,
which later on passes into scar-tissue of the ordinary fibrous char-

acter.

References on the Histological Changes in Foci of Degeneration
and Inflammation (see also Arts. 90 and 94).

CRAMER: Commencing multiple sclerosis and acute myelitis A. f. Psych, xix
1888

EULEXBURG : Art. Bulbar paralysis Eulenburg's Realencyklop. in 1894
FRIEDMAXN: Ganglion cells in acute myelitis Neural. Cent. 1891
HOMEN : Experiments on dogs Comptes rendus xcvi 1883

;
La moelle epiniere

Paris 1885
VON KAHLDEX : Inflammation and atrophy of the anterior horns Ziegler's

Beitrdge xin 1893
LEYDEX: Myelitis from injection of Fowler's solution of arsenic A. f. Psych.

viii 1877
;
Case of haematomyelia Z. f. klin. Med. xin 1887

NAUWERCK : Myelitis Ziegler's Beitrdge n 1887
ROSEXBACH and SCHTSCHERBAK : Changes in the cord from compression V. A.

122 1890
SCHAFFER : Paralysis agitans Jahrb. f. Psych, xn 1894
SCHMAUS : Die Compressionsmyelitis bei Caries d. Wirbelsaule Wiesbaden 1889;

Morbid anatomy of concussion of the spine A. f. klin. Chir. XLII 1891,
V. A. 122 1890

SPROXCK : Experimental researches on lesions of the cord due to transient

anaemia A. de physiol. i 1888
STROEBE : Experiments on degeneration and regeneration in the healing of

wounds of the cord Ziegler's Beitrdge xv 1892 (with references)
TIETZEX : Acute softening of the cord Inaug. Diss. Marburg 1886
TOOTH : Changes in nerve-fibres B. M. J. 1 1889

92. If a nerve-fibre is interrupted by degeneration or inflam-

mation, secondary degeneration always ensues in the portion of

the fibre that is severed from the body of its ganglion-cell, and
extends throughout the entire length of the distal portion. The
explanation of this degeneration lies in the fact that the nerve-

fibre is but a process of the cell, and can 'retain its life only so long
as its connexion with the cell-body is maintained. According to

the direction of normal conduction in the fibre, we distinguish
between ascending and descending forms of secondary degenera-
tion.

Descending degeneration is observed most frequently in the

pyramidal tracts (l^ig. ITS Psb and Pvb}, and ensues inall cases

in which the motor centres of the cerebral cortex, or the motor
fibres in their course downward through the corona radiata, the
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ire
internal capsule, the crura cerebri, and the pyramidal tracts, .

toywhew destroyed. It extends downwards to the point where
the interrupted fibres enter the anterior horn of the cord. In
rare cases the ganglion-cells of the anterior horns are also involved
in the atrophy, whereupon the motor fibres passing out of the cord
degenerate in their turn.

If the seat of the primary degeneration is in the cord, and the
entire transverse section of the tracts is interrupted, the remainder
of the antero-lateral columns below the interruption degenerate
also. But the degeneration is not extreme for more than a dis-
tance of one or two centimetres; beyond this only a few isolated
fibres are affected. Moreover, in particular fibres of the pos-
terior ground-bundles secondary degeneration extends downwards
for about six centimetres; the regions near the posterior septum
on either side are however spared. The degenerate fibres are in

part those which come from the posterior roots, and after their
entrance into the cord pass downwards for some distance.

Ascending degeneration sets in after transverse lesions of
the cord and of the fibres of the posterior roots. After complete
interruption of the cord all the posterior tracts degenerate for a
short distance above the injured region, the degeneration extend-

ing farther only in the columns of (Joll (Fig. 178 /. gr. ), where it

advances up to the clavate nucleus of the funiculus gracilis. The
degeneration following on destruction of the posterior roots is of

the same kind, for the columns of Goll have their trophic centres
in the root-ganglia. If the interruption of the cord is situated
in the upper thoracic region, the direct cerebellar tract (Fig.
178 Ksb~)^ proceeding from the column of Clarke to the ii|>jer
vermis of the cerebellum, also degenerates above the injured

spot ; and so also does a bundle lying in front of this and pass-

ing along the outer margin of the lateral column (GOWER8
1

tract

or antero-lateral fibres).

Secondary degeneration begins at the same time throughout
the whole of the affected nerve-tract. It is recognisable on micro-

scopic examination as early as the second day after the interruption
of conductivity (STKOEHE), the destruction of the myelin-sheaths

having then already begun. After some days more disintegra-
tion of the axis-cylinder also can be demonstrated.

When the disintegration has reached a certain point, absorp-

tion of the detritus begins, and granule-carrying cells make their

appearance. The spaces left vacant by the degeneration are partly
filled up with liquid, partly with proliferous neuroglia ; though
months and even years may pass before the newly- formed neuro-

gliar tissue becomes dense and closes up its meshes.

A degenerated tract examined after two or three months (Fig.

189 5), assuming that all or most of its fibres have
perished,

is

found to consist mainly of a reticular mesh-work (Hg. 189 6),

whose interspaces are empty or contain liquid, with here and there
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masses of detritus and fat-granule cells (d). Generally speaking,
all the fibres of a tract are not interrupted, and so the microscopic
preparation of the tissue includes cross-sections of nerve-fibres.

The reticular framework is only moderately thickened ; but it

stains more deeply with carmine than does normal tissue. After
the lapse of from six to twelve months or more, most of the
meshes have become smaller (Fig. 190), while the reticular tissue

(6) has increased in bulk by hyperplasia.

Fat-granule cells (c?) are still found after an even longer
interval, lying partly in the spaces vacated by the nerve-fibres,

FIG. 189. ASCENDING DEGENERATION OF THE CORD ABOVE A COMPRESSED PORTION.

(Preparation made two and a half months after the onset of the compression : hardened
in Mailer's fluid, stained with haematoxylin and carmine, and mounted in Canada
balsam : X 250)

A transverse section through normal 6

white matter c

B transverse section through the degen- d
erate white matter

a normal nerve-fibres

neuroglia-tissue
neuroglia-cells
fat-granule cells after removal of their

fat by solution

FIG. 190. ASCENDING DEGENERATION OF THE CORD.

(Preparation made eighteen months after the onset of compression: hardened in
Mailer's fluid, stained with haematoxylin and carmine, and mounted in Canada
balsam : X 250)

a transverse section of nerve-fibres
6 hyperplastic neuroglia-tissue
c nuclei of the neuroglia-cells

d fat-granule cells after solution of their

fat

partly also in the adventitial lymph-sheaths of the vessels in and
about the area of degeneration. They are often also to be seen in

the lymph-spaces of the pia mater.

So long as the degenerated tracts contain products of disin-

tegration in considerable quantity, namely during the first two or

three months, they appear white, opaque, and abnormally soft.

After absorption of the detritus has taken place, the patches be-

come grey, and at the same time diminish in bulk.
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CHAPTER XXX

THE FORMS OF MYELITIS

93. All lesions of the spinal cord that result from cuts, stabs,

or gunshot wounds, and from contusion, fracture, or dislocation

of the spine, may be included under the head of traumatic mye-
litis. We may also include the crushing of the cord that occurs

suddenly in caries of the vertebrae, when the spinal column gives

way by collapse of the vertebral bodies, and the bones encircling
the canal are relatively displaced.

The immediate result of such traumatic violence is more or less

extensive bruising and stretching, or complete crushing of the

cord, with the possible addition of haemorrhage. The lesion is

slightest in simple concussion, and in those minor displacements
of the bones of the spine that involve only slight and partial nip-

ping of the cord. If no septic infection accompanies the injury,

disintegration of the nerve-elements follows in the damaged region;
sometimes the neuroglia and connective tissue also suffer, and the

substance of the cord undergoes progressive colliquative soften-

ing. When there is no haemorrhage, the condition is called

white softening; when haemorrhage is present, red softening.
Destruction of the entire transverse section of the cord involves

interruption of all the conducting tracts, and consequently leads

to the secondary degenerations discussed in Art. 92 ; it also

induces degeneration of the peripheral motor nerve-fibres whose

ganglion-cells have perished. When the cord is only partially

destroyed the resulting secondary degeneration is naturally more
or less limited. The intensity of the inflammation induced by
injury and softening is generally proportional to the severity of

the lesion.

Repair is effected by the production, of sclerosis or of a fibrous

cicatrix. The former is the usual result after severe lesions com-
bined with damage to the membranes ; the latter follows slighter
lesions which leave the pia mater intact. Where the sclerosis

or cicatrix is of considerable size, the cord becomes notably con-

tracted, and may be reduced to a mere string. If the wound of

the cord become infected, suppuration may ensue, and extend to

the adjoining structures, and in particular to the membranes.
Disorders of the circulation of the blood and lymph, such as are
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generally associated with the changes at the site of the lesion,

may give rise to patches of white and red softening (SriiOEiiE) at
remote points, or to dilatation of the central canal.

Under the head of myelitis from compression are grouped
all traumatic lesions wherein the spinal cord is subjected to

gradually-increasing local pressure, and is thus caused to become
degenerate. The most common cause of these lesions is tuber-
culous disease of the spine and dura mater, primary or secondary
new-growths in the membranes or more rarely in the cord itself,

or distension of the central canal with effused liquid or blood

(Art. 95).
The degeneration of the cord is in such cases essentially due

to disturbance of the circulation of the blood or lymph. It

appears first in the white columns, the fibres of which at the point
of pressure may within six hours from the beginning of compres-
sion swell up and disintegrate (KABLER). The ganglion-cells

usually persist much longer. The disintegration of the nerve-

fibres always leads to the appearance of granule-carrying cells

(Fig. 185 / and Fig. 18G d f). Secondary degeneration invari-

ably accompanies the breaking down of the nerve-fibres at the

seat of compression.
Proliferation of the neuroglia follows upon the disappearance

of the nerve-fibres, and leads in the course of some months to

sclerosis both of the part compressed and of the tissue along the

track of the secondary degeneration (Fig. 190 6).

References on Myelitis from Traumatic Injury and Comprettion

(see also Arts. 90 and 91).

BRUXS: Traumatic destruction of the cord A.f. Psych, xxv 1893 (with refer-

ences)
KAHLEK: Conipressive degeneration Prnn. Z.f. H>ilk-. in 1882
KAIILKK and PICK: Compression A.f. fxyc/i. x 1879
LEYDKN: Klinik d. RQckenmark8knmkkeitenl8l*-76\ Case of haematomyelia

Z. f. klm. Mcd. xni 1887
MICHAUD: Sur la mye'lite et In meningitt dans le mal t-erttbr. Paris 1871

MULLEK, W.: Beltr. z. path. Anal. u. Physiol. des Rttckenmarks Leipzig 1871

94. The affections included under the term haeoiatoganouE

myelitis begin in part as degenerations with haemorrhage, in.

part as exudative inflammations characterised from the outeet

by 'the appearance of infiltrations round the blood-vessels.

Haematogenous myelitis is essentially a focal disease (soli-

tary or multiple). Sometimes, however, when the foci are very

numerous, and appear in combination with general disturbance

of the circulation and inflammatory oedema, and with secondary

degenerations, the lesion becomes so wide-spread that it might

fairly be described as diffuse myelitis.

If the focus of disease be seated in the white matter the affec-
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tion is known as leucomyelitis (\eu/co<? white) ; if the grey mat-
ter be involved we have poliomyelitis (TroXto? grey) ; extension
of the inflammation over the whole cross-section, or the greater
part of it, gives rise to transverse myelitis.

Opportunity is seldom afforded us to investigate the initial

stages of the process, and often we cannot determine whether it

has originated from ischaemia or haemorrhage, due to changes in

the vessels, or whether it is to be attributed to the action of

poisons or infections. Among the infective agents to be con-
sidered in this connexion are the pyogenic micrococci, the Dip-
lococcus pneumoniae, the virus of rabies, tubercle-bacilli, lepra-

bacilli, and the virus of syph-
ilis. Among the poisons
must be mentioned, first,

such as arise autogenetically
in the course of infective

disease, and in the second

place noxious substances of

vegetable and mineral ori-

gin, such as ergot, lead, and
arsenic.

The most important
changes accompanying hae-

matogenous myelitis are the

degeneration and disinte-

gration of the nerve-ele-

ments, which take place in

the manner described in

Art. 91. The inflammatory
exudation is usually not a

very prominent feature, and
is only temporary ; in rare

cases, however, it becomes

purulent, and then suppuration ensues, with the formation of an
abscess. If the foci of suppuration are small the pus may be

re-absorbed, and the cavities undergo cicatrisation ; larger foci

tend to become surrounded by an encysting envelope of granu-
lation-tissue. Infection of the pia mater from such abscesses in

the cord leads to meningitis.
The usual termination of myelitis is the formation of a grey

sclerotic patch, within which the nerve-elements have more or less

entirely perished (Fig. 191 a b and Fig. 192 a b c); but cases are

met with in which such sclerotic induration is very slight, or

altogether absent.

Transverse myelitis leads to a diminution of the sectional area

of the cord, the white tracts presenting a greyish appearance when
many nerve-fibres have been lost (Fig. 192 c), while in the grey
matter (a 6) the ganglion-cells and nerve-fibres are more or less

FIG. 191. SCLEROSIS AND CONTRACTION OF THE
ENTIRE GREY MATTER OF THE CORD.

(From the lower thoracic region of the cord of a
man aged about thirty, who suffered from
acute poliomyelitis : preparation hardened in
Mailer's fluid, and stained with carmine : X 6)

a sclerotic grey matter
6 sclerotic patch in the posterior columns
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the form of the horns' is sometimes
tof focal degeneration induce secondary deKcneratio,
"

,'. ,

leucomyehtis involve
especially the tracts 8 S, white

"

and in poliomyelitis the anterior roots also
The absence of sclerosis in myelitic foci may be due to the facta 4 '

liferation of the neuroglia
is however sometimes in-

considerable, even after the
affection has existed for a
long period ; this is espe-
cially apt to be the case in
the region of the grey mat-
ter.

Extensive destruction of
the neuroglia is also un-
favourable to proliferation,
as is also advanced age on
the part of the patient.
Moreover, an inflammation
which is restricted to the
formation of an exudation
within the lymph-sheaths of
the vessels, and causes no
injury to the nerve-elements, may pass away without inciting the
neuroglia to proliferation.

Transmitted or consecutive myelitis is commonest as a result
of acute spinal meningitis ; the inflammation extends to the cord
along the vessels, and leads to meningo myelitis (Art. 103);
from this may arise cellular infiltration of the vascular sheaths.
diffuse oedematous swelling of the cord, and degeneration of the
nerve-fibres and nerve-cells. In rare cases inflammatory irritants
are disseminated by way of the central canal, as in cases of sup-
puration in or about the fourth ventricle. They give rise to cen-
tral myelitis extending over the whole length of the cord, and
manifested by oedema, cellular infiltration, and disintegration of
the tissue, first of the grey commissure, later on of the anterior
and posterior horns, and finally of the white columns.

Fio. 192. TRANSVERSE SCLEROSIS or TH < ORD.

(From the lower thoracic region of tht con! ofa man aged about forty, who nufered fmm
tranxi'erxe myelitit : preparation harttfiieil in
Miiller'sfluid, aml stained with carmine : x 6)
a gelatinotu-tooking degenerate grey matter
o persisting ganglion-cell!
c atrophic and sclerotic white matter
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CHAPTER XXXI

HYDROMYELIA AND SYRINGOMYELIA

95. Hydromyelia is a more or less marked dilatation of the
central canal of the cord, associated with or produced by an accu-
mulation of liquid within it. In some instances hydromyelia is

congenital ; it attains its extreme in certain cases of spina bitida.
in which a saccular bulging of the medullary tube (myelocystocele
or hydromyelocele) protrudes outwards through a gap in the bony
wall of the spinal canal. In other cases the condition is acquired,
and is referable to secondary or consecutive inflammatory affec-
tions of the central canal (Art. 94), to disturbance of the circula-
tion of blood or lymph, or to degeneration affecting the wall of
the central canal. It may thus form a complication of traumatic
lesions or of degeneration from

compression, and is not infre-

quently observed above the

injured or compressed part.
The dilatation extends over

a portion or the whole of the
cord. In cross-section the
canal is sometimes round,
sometimes narrowed to a mere
fissure (Fig. 193 6), sometimes
three-cornered or entirely ir-

regular. Not uncommonly it

gives off local diverticula, and
it has been found to be dupli-
cated or triplicated. These
conditions are probably due to local anomalies of development,
at the time when the medullary tube was in process of closure,

whereby a double or triple canal was formed instead of a single
one*.

The dilated canal is lined with ependymal epithelium, though
at the time of post-mortem examination the epithelium has often

to a great extent disappeared. In acute dilatations due to inflam-

mation, the neuroglia surrounding the central canal, and occa-

sionally the tissue somewhat more remote, are apt to become
softened (Art. 94). In other and chronic cases of hydromyelia,
the wall of the canal appears hypertrophic from proliferation of

FKJ. 193. HYDROMYKLIA WITH SCI.KROSIS
<>K THE SCKIturMMMl TISSI K.

(Preparation hunlenrd in Mailer's fluid, and
stained with carmine : X 4)

a grey matter ' central cavity
c sclerotic tissue
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the neuroglia (Fig. 193 c~). Slight degrees of hydromyelia cause
no perceptible change of form in the cord, but greater dilatations

increase its total girth. Accumulation of pus or blood in the

central canal leads to conditions which might be termed pyo-
myelia or haematomyelia.

The term syringomyelia is applied to a chronic affection of

the cord, associated with morbid exca-

vation of its substance ; in the typical
form the cavity is situated behind the

central canal, and is surrounded by a

zone of somewhat dense hyperplastic

neuroglia (Fig. 194 b c). At first the

hyperplasia takes place within the grey
commissure

;
but it very often extends

thence into the posterior white columns.
The condition is especially common in

the cervical region, but it may be met
with in any portion of the cord or in-

deed throughout its entire length.

FIG. 194. SYRINGOMYELIA IN THE REGION
OF THE POSTERIOR COLUMNS OF THE
CERVICAL CORD (X4).

a grey matter 6 syringomyelic cavity
c sclerotic tissue

In typical cases the proliferation of

the neuroglia precedes the excavation,
the process thus beginning with a cen-

tral sclerosis, or gliosis as it has been
termed. In some cases the hyperplasia
attains such proportions (Fig. .195 A
BC} that the result might be described

as an elongated glioma. The excava-

tion (Fig 194 b and Fig. 195 c) starts

with disintegration of the proliferous

neuroglia, due apparently to interfer-

ence with its nutrition, inasmuch as the vessels supplying it

exhibit hyaline thickening of their walls and narrowing of their

lumen. The contents of the cavity consist usually of a colourless

liquid, but occasionally of a yellow or brown gelatinous substance

(Fig. 195 <7c), or of blood and its products of disintegration.

FIG. 195. GLIOSIS AND SYRINGO-
MYELIA IN THE LUMBAR RE-
GION OF THE CORD.

(Natural size)

A B transverse section through
the upper,

C D through the middle,
E F through the lower, portions

of the lumbar cord
a substance of the cord
6 hyperplastic neuroglia
c empty cavity
Cj cavity with brown gelatin-

ous contents
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In certain cases, which may he regarded as atypical, similar Cavi-
ties surrounded by overgrown neuroglia are formed in a different
manner. Foci of myelitic disintegration already formed break
down, and at a subsequent stage Income surrounded with hvper-
plastic neuroglia (mytlite cavitaire); in these cases however the
amount of newly-formed neuroglia-tissue is usually very small.

If the hyperplasia assumes greater dimensions it iiiay spreadnot only to the posterior columns, but also to the posterior ami
anterior horns of grey mutter (Fig. 195 b in A B C 1> K /'). and
ultimately encroaches on the antero-lateral columns, so destroy-

ing^ considerable part of the cross-section of the cord.
"The excavation (c) occupies sometimes but a small portion

(A B (7), sometimes the greater part (It J? F ) of the hyperplastic
area; in other cases there may be no excavation throughout a
considerable part of the longitudinal extent of the altered tissue.

Usually the appearance of the transverse section varies perceptibly
at different levels.

Regarded from the outside, the cord may appear unchanged;
but not infrequently it is contracted in places from imperfect
development of the posterior columns, while the posterior median
fissure is abnormally wide. Abundant accumulation of liquid
(E F} within the cavity leads to an increase in the girth of the
cord.

The central overgrowth of neuroglia and the subsequent exca-
vation are for the most part referable to anomalies of development
in the region of the commissure and the posterior columns, and

accordingly the morbid appearances to which they give rise,

though existing perhaps for decades, have probably had their

beginning in early childhood. If similar changes follow on trau-

matic injury or inflammation, as has often been alleged, it is prob-
able that they belong to the form of syringomyelia above referred

to as atypical.

Hydromyelia and syringomyelia cannot be sharply distin-

guished. The cavities in syringomyelia can very often be shown
to be here and there connected with the central canal (ScHLESIN-
GER), and so are in some parts lined with ependymal epithelium,
and have the appearance of central diverticula. Moreover, it i

to be remembered that hydromyelia itself is often due to a congen-
ital anomaly of development, and that it also is accompanied by
morbid proliferation of the neuroglia. Whether the central canal

has been primarily or only subsequently involved, is a question
difficult of answer in .any given case.

Syringomyelia is during life indicated chiefly by gradually-developing atro-

phy of the muscles, by trophic, vaso-motor, and sensory disturbances, partial

anaesthesia, whitlows, fissures, and necrosis of the fingers, and by cutaneous

ulceration. It appears to be at least twice as common in men as in women,
and is most frequently observed in persons over twenty and under thirty years
of age. The disease described by MORVAX as 'parf'sle analgtxtqw a panarit
des extremites supvrieures

'

is a special tyie of syringomyelia.
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The proliferation and excavation of the neuroglia in syringomyelia have
been very differently interpreted by different writers. LEYDEN considers the
formation of cavities, which he attributes to abstriction of parts of the central

canal, as the primary feature, and the hyperplasia of the neuroglia as second-

ary to this. SIMON, HOFFMANN, WESTPHAL, SCHULTZE, with others, consider
the central gliosis as primary, the cavities being formed by disintegration of
the new tissue. The monograph of SCHLESINGER, cited below, gives a com-

plete summary of the literature of the subject, together with elaborate re-

searches of his own.

References on Hydromyelia and Syringomyelia.
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CHAPTER XXXII

MULTIPLE SCLEROSIS

*96. Multiple or disseminated sclerosis, sometimes also

called insular sclerosis, is an affection extending over the whole
cord, and often over the brain also, which is characterised by the
formation of a number of scattered grey patches in the nerve-
tissue. In the spinal cord these lesions may be situated at any
point of the white columns (Figs. 196, 197, and 198) or of

the grey matter ; and they show no preference for any sjiecial

region of the medulla oblongata, of the pons, or of the cere-

bellum. Within the cerebrum, in some cases, the tissue adjacent
to the lateral ventricles is notably affected ; but the lesions are

also found dispersed throughout the whole of the cerebral hemi-

spheres, and sometimes involve the optic and olfactory nerves,

and the roots of the other cerebral nerves.
FIO. m.

FIG. 196.

DIAGRAMS OF MULTIPLK SCLKROSIH (x

Fio. 196. CERVICAL REGION. Fio. 1<J7. THORACIC RK<;IOM.

a sclerotic patches

FlO. 198. Lt'MBAR RKOIOJf.

a sclerotic patches

a sclerotic patches in the lateral column
and left intermedio-lateral tract

6 sclerotic patch in the posterior columns

' The affected patches are sometimes small, of about the size of

a pin's head, and sometimes larger, the diameter of

section measuring several centimetres. The roof of the late

ventricles over its whole extent has sometimes been found

formed into a grey stratum several millimetres in thickn*

one or two centimetres in breadth.

In some cases the patches on section appear of a umf<

colour, firm and dry in texture, and sharply denned from the sur-

2A
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rounding tissue. In other cases they are less firm in consistence,
the section of some at least is mottled with grey and white, and the

FIG. 199. MULTIPLE (SECONDARY) SCLEROSIS.

(Sclerotic patch from the posterior column: preparation hardened in Mil Her's fluid,
stained by MALLORY'S method, and mounted in Canada balsam : x 500)

a neuroglia-cells with numerous pro- b sclerotic tissue with neurogliar fibres
cesses in cross-section

boundaries are less sharp. Whitish patches occur as well as the

grey ones, and degeneration of the tracts of the cord is occasion-

all}' found accompanying the sclerosis.

Patches which lie just underneath the pia mater or ependyma
can be recognised without the aid

of the microscope by their grey
colour. When the cord contains

very numerous sclerotic patches and

degenerate tracts, on transverse sec-

tion the diseased portions may in

aggregate area greatly exceed the
normal tissue, the latter being lim-

ited to a few small remnants.
The grey patches are of two

types as regards structure, the first

containing sclerotic tissue enclosing

spaces vacated by nerve-fibres, and
almost or altogether devoid of such
fibres (Fig. 199); while the second

type consists of dense continuous
tissue without tubular nerv-e-spaces

(Fig. 200 b on the left), together
with some tissue still including

FIQ. 200. MULTIPLE (PRIMARY)
SCLEROSIS.

(Marginal portion of the sclerotic

tissue from the posterior column
of FIG. 1% b : preparation hard-
ened in Miiller's fluid, and
stained with carmine : X 300)

a transverse section of nerve-fibres
6 neuroglia-cells c blood-vessel
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nerve-fibres (a) The softer mottled patches always show sign*of the disintegration of the nerve-fibres, namely fining of mv, lin

Fiff< 2U1 e) < ^ ^-grannie

The neuroglia is more or less abundantly developed, and in
Borne parts may already exhibit the condition of marked sclerosis

(/^Degeneration of the vessels is often apparent at the same
time, chiefly in the form of hyaline thickening of their walls- ami
accumulations of round-cells are visible in and about the adventi-
tial lymph-sheaths of the vessels (h).

FIG. 201. DISSEMINATED SCLEROSIS OF THK BRAIN.

(Patch of degeneration in the cerebrum, wifh hi/iwrplnsia o/ thf nruroglia : teatfd

preparation, treated with pemsmic ticitl : x. 200)

a blood-vessel filled with blood
6 tunica media
c adventitial lympli-sheath
d unaltered neuroglia-cells
e fatty neuroglia-cells
/ binuclear neuroglia-cells

ff sclerotic tissue

A rniind-oells

h
l rouinU-ells with scattered oil-globules

/i a fat-K'nitiule cells

ht pigment-granule cells

From a histological point of view two different forms of

multiple sclerosis may be distinguished. The first might be
described as secondary disseminated sclerosis (Figs. 199 and 201),
and is the outcome of disseminated myelitis, in other words, of

scattered foci of degeneration or inflammation. The other vari-

ety, which might be called primary disseminated sclerosis (Figs.

196, 197, 198, and 200), starts in morbid hyperplasia of the

neuroglia, such as occurs in syringomyelia (Art. 95), and is prob-



356 MULTIPLE SCLEROSIS [CHAP. XXXII

ably referable to some anomaly of development. This form is

most frequently met with in the posterior columns (Fig. 196) and
in the parts about the cerebral ventricles. The sclerotic tissue is

close and dense, with no visible spaces or meshes, and is found
within tracts (Fig. 200 a) that show no other signs of degenera-
tion.

References on Multiple or Disseminated Sclerosis (see Arts. 95
and 120).
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CHAPTER XXXIII

NEURONIC OK SYSTEMIC AFFECTIONS

, 97. It has already been pointed out (Art. 88) that the ner-
vous components of the spinal cord and medulla oblongata consist
of ganglion-cells and nerve-fibres, and that the latter are nothing
more than processes of the nerve-cells which, after a longer or a
shorter course, give off lateral and terminal branches. The nerve-
fibres enter into relation with special terminal organs or with
other nerve-cells, and so subserve the transmission of definite

impulses from these cells or organs to other parts that are sus-

ceptible of stimulation.

The nerve-cell with its short dendritic processes, in combina-
tion with the long polar or axis-cylinder process and its lateral

and terminal branches, form a morphological and physiological
unit, or neuron, whose trophic centre is the nucleated protoplasm
of the nerve-cell. When an axis-cylinder process is separated
from its cell it straightway perishes (Art. D2).

The neurons whose situation, general course, and function are

best known are the motor neurons. Their cells are situated in

the psycho-motor regions of the cerebral cortex, in the motor
nuclei of the medulla oblongata, and in the anterior horns of the

cord; their axis-cylinder processes run in the pyramidal tracts,

the anterior roots, and the peripheral motor nerves. Of the sen-

sory neurons we know that their ganglion-cells lie in the spinal

root-ganglia, while their axis-cylinder processes on the one hand

pursue their course to the terminal organs along the peripheral

sensory nerves, and on the other pass through the posterior roots

and the posterior columns to the brain.

The diseases of the motor and of the sensory neurons of the

cord, hitherto by most writers described as systemic diseases,

are characterised by peculiar clinical symptoms, which even dur-

ing the life of the patient enable us to form a diagnosis as to the

seat of the malady. Thus long before the minuter structure

of the cord was properly understood, certain of its systemic dis-

eases, having well-marked clinical and anatomical characters, were

recognised and distinguished.
The most important disease affecting the sensory neurons in

the cord is tabes dorsalis. Among the special forms of disease

occurring in the course of the motor neurons are acute anterior
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poliomyelitis, acute bulbar paralysis, progressive atrophy of the

anterior horns or progressive spinal amyotrophy, progressive
bulbar paralysis, amyotrophic lateral sclerosis, and primary lateral

sclerosis or spastic spinal paralysis.
98. Tabes dorsalis, sometimes also called grey degeneration

or sclerosis of the posterior columns, or locomotor ataxia, is his-

tologically a degeneration of the sensory neurons. The degenera-
tion is most marked in the region of the posterior roots (LEYDEN)
and of the posterior columns, but is demonstrable also in the

peripheral sensory nerves (!)EJERIXE, OPPENHEIM, SIEMERLING,
WESTPHAL, GOLDSCHEIDER) and in the nerve-cells of the spinal

root-ganglia (WOLLENBERG, STROEBE).
The malady begins most frequently in the lumbar cord, and is

first manifested in the posterior roots or horns and in the immedi-

ately adjoining portions of the columns of Burdach. Presently,
in the higher levels of the cord, the median portions of the columns
of Goll also become involved, ascending degeneration very soon

following upon the interruption of the nerve-fibres at any point.
If the process begins, as happens in rare cases, in the cervical por-
tion, similar lesions appear in that region, while in the thoracic

and lumbar regions little or no degeneration can at first be de-

tected. The situation of the fibres that first undergo degeneration
in the posterior columns depends mainly on what roots are first

affected, and at what height above the degenerate roots the section

examined is taken.

In advanced tabes the degeneration and sclerosis often spread,
in the thoracic region, over the whole extent of the posterior
columns (Fig. 202). In the lumbar region the most anterior

parts of the posterior columns almost always remain intact. In
the cervical cord two lateral portions in the most anterior part of

the posterior column are spared, or are at most but slightly
affected. The morbid changes, if the degeneration is not

already universal, are usually most marked in the lumbar and
thoracic regions ; but cases occur in which the cervical region
is that most affected. The degeneration ascends within the

funiculus gracilis to beyond the obex of the calamus scriptorius,
and ceases about the level of the striae acusticae.

When the degeneration of the posterior columns is extreme,

they appear grey or greyish-red, even on the exterior of the cord ;

in transverse section the tissue looks uniformly grey and translu-

cent. At the same time the depth and width of the posterior
columns are more or less diminished. The posterior roots also

look grey and atrophic.
Within the grey matter the fibres entering the posterior horns,

and those of the column of Clarke that originate in the posterior

roots, become degenerate. In rare cases some of the gauglion-
cells of the grey matter atrophy and disappear.

Not infrequently grey patches are found in the optic, oculo-
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motor, and tri facial nerves, as well as in the substance of the
brain. The spinal nerves are those which are most apt to be
degenerate anil atrophic, though the cerebral nerves are sometimes
affected also (OPPENHEIM). The spinal root-ganglia have until

recently been but little examined, but according to WoLLENBEBG
and SXBOEBB degenerative changes can also be recognised in
them.

The most prominent feature in tabes is the progressive disinte-

gration of the parts of the sensory neurons situate in the posterior
roots, the posterior horns, and the posterior columns, the process
generally lasting for several years, and in particular cases even
fornlecades. In its earlier stages the disease is characterised bv
symptoms of sensory irritation, lightning pains, formication, and
a sense of constriction round the waist, together with loss of the

a, b 6 a, c

Fio. 202. TABES DORSALIS IN AX ADVANCED HTAOK.

(Total degeneration ami sclerosis of the posterior columns, and atrophy of the posterior
roots of the coril : section in the thoracic region : x 5)

a column of Bunlach 6 column of Goll c atrophic posterior root*

Fio. 203. TRANSVERSE SECTION OF THE POSTERIOR WHITE COLUMN* IN TABES
DORMAL1S.

(Preparation hardened in Mailer's fluid, stnined icith haenmtorj/lin, carmine, and per-
osmic arid, and mounted in glycerine ; x 200)

a cross-section of normal nerve-fibres of d blood-vessel
different thicknesses e granule-cells insiile the lymph-sheath of

6 granule-cells the blood-vessel d
c nucleated reticular neuroglia

patellar reflex, insensibility of the pupil to luminous impressions,

diplopia, amblyopia, and gastric disturbance (gastric crises). At
a later stage disorders of gait (ataxia), diminished sensibility to

touch and pain, loss of the muscular sense, difficulty of micturi-

tion, and lastly paralysis of the legs, are the ordinary symptoms.
Fat-granule cells make their appearance in the tubular spaces

left vacant by the atrophy of nerve-fibres (Fig. 203 6) and in the

lymph-sheaths of the vessels (< ), so long as the destruction of the

nerve-fibres continues in the posterior columns. Proliferation of

the neuroglia ensues in the region of degeneration, resulting in
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sclerosis (Fig. 203 c), by which the vacant nerve-spaces are con-
tracted and more or less obliterated. Usually some nerve-fibres

are still preserved, even in advanced cases (Fig. 203 a) ; but

places may be found in the posterior columns that are entirely
devoid of nerve-fibres.

The starting-point of the degeneration in tabes has not as yet
been definitely made out. The most natural supposition is that

the cells of the spinal root-ganglia are the first to degenerate, and
that the changes in the posterior roots and columns, as well as

in the peripheral nerves, are of the nature of secondary degenera-
tions.

The researches of WOLLENBERG and STROEBE on the root-

ganglia point in this direction ; for STROEBE was able to show
that, in cases of tabes, shrinking, abnormal pigmentation, vacuola-

tion, fragmentation, nuclear degeneration, and in the end total

disintegration took place in the ganglion-cells, accompanied by
signs of proliferation in the connective tissue. Of special signifi-
cance is the fact that WOLLENBERG and STROEBE discovered de-

generative changes in the nerve-cells even in incipient cases of

tabes. The recorded investigations are, however, as yet far too

few to establish the above-mentioned supposition, and it must
therefore be admitted as a possible view that the degeneration
may begin in the central or in the peripheral part of the axis-

cylinder process of the ganglion-cell. It is conceivable that some

injurious agent, present either in the subarachnoid liquid or in

the blood, may be capable of exerting a degenerative action on
the sensory nerve-fibres; and the fact that, according to TUCZEK,
chronic ergotin-poisoning induces a degeneration of the posterior
columns in all points analogous to that which constitutes the ana-

tomical lesion in tabes, must be regarded as favourable to this

theory.
Clinical observers mention, as predisposing causes of tabes,

cold, over-exertion, sexual excesses, etc. Of late FOLTRNIER,

ERB, GOWERS, and others have maintained that more than half

the cases are due to syphilis. If this may be taken as correct,

we must assume that syphilitic infection gives rise to the forma-

tion within the organism of noxious products that have a specifi-

cally injurious effect on the sensory neurons.

According to the observations of WESTPHAL, GLAUS, and

others, degeneration of the posterior columns very often occurs in

persons who are suffering from paralytic dementia.

References on Tabes Dorsalis (see also Art. 92).
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99. Acute anterior poliomyelitis is a peculiar disease of

the anterior horns of the spinal cord, with well-defined clinical

symptoms. It generally occurs in children (whence the term
infantile spinal paralysis is applied to it), more rarely in adults.

In its typical form it begins with the symptoms of an infective

febrile disorder, and after a few days this is associated with
unilateral or bilateral motor paralysis, sometimes limited to the

lower or upper limbs, sometimes involving all the extremities.

After a certain time the paralysis, originally affecting a number
of muscles, as a rule passes away as regards some of them

; but
after this no further recovery of power takes place in the muscles
that remain paralysed, and they thereupon become more and more

atrophic.
From the histological researches that have so far been made,

the disease would appear to be of haematogenous origin, and in

typical cases due to an undiscovered noxious agent acting like a

specific poison upon the ganglion-cells of the anterior horns

(CHARCOT, VON KAHLDEN, RISSLER), or in some cases upon the

corresponding motor nuclei of the medulla oblongata. In severe

cases of the disease the toxic action may be associated from the
outset with inflammatory exudation or with haemorrhage at the

seat of greatest destruction. In atypical cases, ending likewise in

motor paralysis, the incipient morbid changes are not improbably
of the nature of ischaemic or haemorrhagic degeneration due to

alterations in the blood-vessels.

In recent cases the ganglion-cells exhibit various signs of

degeneration, such as granular and cloudy swelling, vacuolation,

hyaline change, general disintegration, and shrinking.
After the lapse of some months or years the number of gan-

glion-cells in the region corresponding to the paralysis is more or

less diminished, the loss being sometimes apparent over the entire

cross-section of the anterior horns, sometimes only in certain

groups of ganglion-cells. The number of the ganglion-cells is

moreover found to be somewhat diminished in regions outside

that of the persisting paralysis, and in some cases the diminution
is perceptible over the whole length of the cord.

The nerve-fibres in the anterior roots, corresponding to the

ganglion-cells destroyed, break down and disappear. Some of the
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fibres entering and leaving the grey matter likewise disappear,
while others persist ; the surviving fibres may indeed be present

Fio. 204. SCLEROSIS AND CICATRICIAI. CONTRACTION or THK LEFT ANTERIOR HORN
OF THK FOURTH CERVICAL NKRVF. AFTKK ACUTE ANTERIOR POLIOMYELITIS.

(Fi-om (i child three ttn<l a half yearn old, death ensuintj tight montht after tht commence-
ment / the i>aralyxis : j>rep<irtin hardened in Mailer's fluid, stained with neutral
carmine solution, and mounted in (.'timida balsam : X 7)

(/ normal anterior horn with puigliou-cells 6 atrophic anterior horn

in considerable numbers even after great destruction of the

ganglion-cells (VON KAHLDEN). The neuroglia and the blood-

vessels at times show hartlly any appreciable change, and the

configuration of the transverse section of the diseased horn devi-

FlO. 205. GELATTWOUH DEGENERATION OF BOTH ANTERIOR BOUTS (l) Of THE LfM-
BAR REGION, WITH TOTAL LiH or THE OANOLION-CELUI AJfD VUVB-rtBBJM,
AFTER ACUTE ANTERIOR PoLIOMTBLITM.

..FH (i limn r'orty years <>/ <i>/f, death enduing twenty months after cummenctment qf

paralysis : preparation hardened in Jfiilltr's Jluid, stained witA haematwtylin and
carmine: X 6)
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ates but little from the normal. More commonly, however, the

horn after the lapse of months or years, at least at the part where
the lesion was most intense, becomes shrunken and sclerotic (Fig.
204 5), the sclerosis often radiating into the adjoining white mat-
ter. In other cases again the degenerate portions of the anterior

horns are not shrunken, but converted into a mass of gelatinous
tissue almost or altogether devoid of ganglion-cells and nerve-

fibres. This tissue is composed essentially of blood-vessels and
loose-meshed neuroglia (Fig. 205 a and Fig. 188 .Z?), while its inter-

stices contain liquid, and in recent cases detritus of nerve-matter
and granule-carrying cells.

The cause of the limitation of the disease to the anterior horns
lies mainly in the fact that these possess a special vascular supply,

independent of the vessels of the white matter, in the cornual
arteries that enter the cord at the bottom of the anterior fissure.

This is not, however, sufficient to account for the peculiar distri-

bution of the degeneration in typical cases, and we must further

assume that the poisonous matters which induce the disease have
a selective or specific action on the motor ganglion-cells.

In other respects the disease is doubtless closely related to the

forms of haematogenous myelitis that have no special seat of elec-

tion ; and indeed cases occur in which not only the anterior but
also the posterior horns show signs of degeneration (Fig. 191),
and others in which both the white and the grey matter undergo
degeneration and inflammation.

References on Acute Anterior Poliomyelitis (see also Art. 94).

BERXHEIM: Acute, subacute, and chronic anterior poliomyelitis of the adult

engrafted on infantile paralysis Rev. de med. 1893
CHARCOT : Diseases of the nervous system London 1876-80
DAMASCHINO: Infantile spinal paralysis and progressive muscular atrophy Rev.

de med. 1881
; Gaz. des hop. 1885

DE.TERINE and HANOT: Atrophic paralysis of infancy A. de physiol. 1 1888
FRANKEL : Poliomyelitis with alteration of the white matter Inaug. Diss. Frei-

burg 1894
GOLDSCHEIDER : Poliomyelitis Z. f. klin. Med. xxin 1894
VON KAHLDEN : Inflammation and atrophy of the anterior horns Ziegler's Bei-

trdge xm 1893; Recent researches on anterior poliomyelitis Cent.f. alia.

Path, v 1894
PASTEUR: Poliomyelitis of bulbar nuclei Lancet n 1887
RISSLER: Acute anterior poliomyelitis Nordiskt med. Arkiv xx 1889
SCHULTZE: Acute anterior poliomyelitis V. A. 68 1876 and 73 1878
SIEMERLIXG: Morbid anatomy of infantile spinal paralysis A.f. Psych, xxvi

1894
STRUMPELL : Aetiology of the spinal paralysis of children Wagner's Festschr.

Leipzig 1887
TURNER: Recent case of poliomyelitis Trans. Path. Soc. xxx London 1879,

and B. M. J. i 1879
WILLIAMSON: The changes in the spinal cord in acute anterior pofioinyelitis

Med. Chronicle Manchester 1890
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100. Progressive atrophy of the motor neurons of the anterior
horns (in other words, of the motor ganglion-cells ami peripheral
nerves) gives rise to a disease whose characteristic clinical symp-
tom is wasting of certain muscles ; this disease is accordingly
described us progressive spinal muscular atrophy, or briefly
as progressive amyotrophy.

The affection is due essentially to progressive degeneration
and atrophy of the large motor ganglion-cells; these, without

undergoing any notable change of structure, steadily diminish in

size (Fig. 184), while the corresponding motor nerve-fibres and
the muscles supplied by them also waste in proportion. The
at'rophy begins most frequently in the cervical region, and accord-

ingly the hand-muscles (muscles of the thumb, hypothenar emi-
nences, interossei, and lumbricales) are the first to waste, and the
muscles of the forearm and shoulder follow later. Sometimes,
however, the wasting begins in the lower limbs and ascends.

Progressive atrophy of the neurons whose cells are situate in

the motor centres of the cerebral cortex, or primary sclerosis of

the pyramidal tracts, is from the nature of the symptoms gener-
ally regarded as the anatomical basis of a form of progressive
motor paresis and paralysis, combined with spasmodic rigiditv of

the muscles, reflex spasms and contractures, and increased tendon-

reflexes, which is known as spastic spinal paralysis, or spasmodic
tabes. These symptoms are, however, in most cases really due
to transverse myelitis, disseminated sclerosis, compression of the

cord, or hydromyelia. Primary degeneration limited to the pyra-
midal tracts has as yet been demonstrated in but very few cases.

These cases are nevertheless sufficient to establish beyond a doubt
the actual existence of a neuronic degeneration of this kind, and
all that remains to be decided is whether the primary lesion is a

degeneration of the axis-cylinders or some morbid change in the

ganglion-cells.
On the other hand, a combination of progressive degeneration

of the pyramidal tracts with atrophy of the anterior horns and the

motor peripheral nerves is not uncommon, and forms the anatomi-

cal basis of the disease known as amyotrophic lateral sclerosis.

Wasting of the muscles is a characteristic clinical feature of this

disease, in common with progressive spinal amyotrophy ; but it

is distinguishable from the latter by the increased vigour of the

tendon-reflexes.

The ultimate disappearance of the nerve-cells of the anterior

horns takes place in the same way as in spinal amyotrophy, by

progressive diminution in size, ending at length in the destruction

of the majority of the cells < I iu
r -' a). In the region of tin-

crossed pyramidal tracts (6), ami in the direct pyramidal tracts

also, provided all the motor fibres have not decus.xuu-il, some of

tin- fibres disappear as in the case of tabes, and this in time is

followed by sclerotic induration of the Mruroglia (f>).
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The process that takes place in the anterior horns of the cord

may likewise involve the motor nuclei of the medulla oblongata

(hypoglossal, vagus, accessory, facial, and glossopharyngeal), and
lead to progressive wasting of the muscles innervated by them.

The disease thereby occasioned is known as progressive bulbar

paralysis or glosso-labio-laryngeal paralysis, and it may be ac-

companied by degeneration of the pyramidal tracts, or exist as an

independent malady.
The cause of progressive atrophy of the motor neurons is still

obscure, and we do not know whether the first perceptible changes
occur in the axis-cylinder processes or in the cells themselves. In

degeneration of the pyramidal tracts the atrophic process has been
traced upwards to the cerebrum, and simultaneous wasting of the

ft.

FIG. 206. AMYOTROPHIC LATERAL SCLEROSIS.

(Transverse section through the cervical portion of the cord : X 10)

anterior horns whose ganglion-cells b diseased part of the lateral columns cor-

have in great part disappeared responding to the total decussation of
the pyramidal tracts

ganglion-cells of the cerebral cortex in the central gyri (CHAR-
COT, MARIE) has in some cases been recorded; but it has not

been determined how far the atrophy of the nerve-fibres corre-

sponds to that of the ganglion-cells of the cortex. It is worthy
of note that in progressive paralytic dementia, in which the cere-

bral cortex undergoes atrophy, degeneration of the pyramidal
tracts is a frequent concomitant.

So far as our present knowledge extends, it is probable that

the morbific agent, whatever it be, exerts its influence in some
cases on the nerve-cells and in others on the axis-cylinder pro-
cesses, the peripheral portion of the fibres thereupon undergoing
degeneration throughout their entire length. The morbific agent
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is probably some toxic substance elalwrated within the body (per-
haps in the course of an infective disease) or introduced from
without. According to MAKIK, PROUST, and others, the use of
the chick-pea (Lathi/rug cicera) in food causes degeneration of the
motor neurons. In certain cases there is probably also some
hereditary or congenital disposition to disease of particular neu-
rons or groups of neurons (Art. 101).

References on Progressive Spinal Aniyotrophy, Ami/otrophic Lateral
Sclerosis, Progressive Bulbar Paralysis, and Spastic Spinal

, Paralysis (see also Art. 101).

ALZHEIMER : Progressive spinal muscular atrophy A./. Psi/ch. xxm 1891
CHARCOT: Diseases of the nervous system London 1877-83; Two canes of

spa-stic paralysis with autopsy A. de neurvl. \ 1885; Oeurres completes II

1886
DE.IERIXE: Labio-glosso-laryngeal paralysis .1. tie ph ysinl. n 1883
DRKSCHFKI.D : Primary lateral sclerosis \lnnrn. of A tint, xv 1881 ; Classification

of neuropathic amyotrophies /train viu 1886
DCCHEXNE (of Boulogne) : Gaz. hebdoin. 1859 and 1861
DUCHEXNK and JOKFROY: Atrophy of the nerve-cells of the cord and bulb

A. de physiol. in 1870
ERB : Spastic spinal paralysis V. A. 70 1877
ERB and SCIU-I.TZE : Progressive spinal muscular atrophy A . f. Psych, ix 1879
FLKCHSK; : Ueber Si/steinerkrank. im Rtickenmiirk Leipzig 1878
FURSTXFR : Changes in the grey matter in disease of the lateral columns \enrol.

Cent, vm 1889; Changes in the cord in progressive paralysis A./. Psych.
xxiv 1892

GRASSET and KAX/IER: Maladies du tyttkme nerveux Montpellier 1894
HOFFMANN: Chronic spinal muscular atrophy in childhood Z. f. XtrrenhriU:

in 1893
JOFFROY and ACIIARD: Arnvotrophic lateral sclerosis .1. tie mt'd. er/>. n 1890
KAIILKR: I'rarjer Z. f. IffHi: v 1884
vox KAMI i-i \ : InMainmation and atrophy of the anterior horns Zirytfr'f Bei-

trdge xin 1893
LF.YDEX: lor. cit. Art. 07 and A. f. Ptyrh. n. in. vn, ami vin 187O-78
.M \i:n : Diseases of the spinal conl ( New Syd. Soc.) Ix)i)don 1895
MARIXESCO: Amyotrophy (tyje Charcot-Marie) A. de mt'd. eru. vi 1894
MIXKOWSKI : Sclerosis of the lateral columns following syphilis D. A.f. llin.

Med. xxxiv 1884
MOKI.I: Amvotropliic lateral sclerosis A.f. Psych, x 1890
MOXRO, T. K.: Chronic degenerative diseases (Jlasgow 1895 (with references)
MOROAX and DRESCIIFELD: Idiopathic lateral sclerosis /;. M. J. i 1881
NOXXE : Chronic anterior poliomyelitis Z. f. Nerrenheill: i 1892
OPPEXHEIM: Chronic anterior poliomyelitis A. f. Psych, xix 1888; Chronic

atrophic spinal paralysis A. f. Psych, xxiv 1892
TEUR : Buibar infantile paralvsis Lancet n ]PASTEUR: Bolbar infantile paralysis Lancet n 1887

PICK: Amvotropliic lateral sclerosis A.f. Psych, vin 1878
PIERRET and TROISIER: Progressive muscular atrophy A. de phytiol. u 1875
PITRES : Secondary lateral sclerosis A. de physiol. 1876
PROUST : Lathyrism Bull, de I'Acait. de mt'd. xn 1883
I;,,.,, /) ,\, .,,,.< of the nerrous system II London 1883 [\*>rx 1891
Srm'i.K: U >|i;i-tic spinal paralysis a <1. > generis f Inami l> l|.-:.|.-'.-

Si iMKiti.iMi : Progn-s-ive chronic paralysis of the fye-inu-clr- _\.f. /'<y<
- A. xxn

(su|>plement) 1891; Aiuitoinical conditions in congenital pttxU ibidem

\\iii 1892
STOKFELA : Spastio spinal paralysis 11'iVn. med. Woch. 1878
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STKUMPELL : Spinal muscular atrophy and amyotrophic lateral sclerosis D. A.

f. klin. Med. XLII 1887; Spastic spinal paralysis A. f. Psych, xvi 1886;
Progressive muscular atrophy Z. f. Nervenhe'dk. in 1893

; Primary sys-
temic degeneration of the pyramidal tracts Z. f. Nervenheilk. \ 1894

SUCKLING : Combined disease of posterior and lateral tracts Lancet i 1886
VIERORDT : Combined degeneration of the anterior horns and lateral columns

A.f. Psych, xiv 1883
WERDNIG : Early infantile progressive spinal amyotrophy A.f. Psych, xxvi

1894 (with references)
WESTPHAL: Disease of the spinal cord in progressive paralysis V. A. 39 1867

and 40 1867; Combined diseases of the columns of the cord A.f. Psych.
ix 1879; Amyotrophic lateral sclerosis A.f. Psych, xvn 1886

WORMS : Progressive muscular atrophy with glosso-labio-laryngeal paralysis
A. de physiol. 1877

101. In addition to the forms of degeneration just described,

which affect functionally-related neurons, we not infrequently
meet with cases wherein various functionally-independent groups
of neurons are involved. The affections thus induced have hitherto

been commonly described as combined systemic diseases. For

example, along with degeneration of the sensory fibres of the

posterior columns, degeneration of the pyramidal tracts (Fig. 207

FIG. 20S.

FIG. 207.

FIG. 207. DEGENERATION AND SCLEROSIS OF THE COLUMN OF BURDACH (a), OF THE
COLUMN OF GOLL (6), AND OF THE CROSSED PYRAMIDAL TRACTS (d).

(Section through the uppermost part of the lumbar region of the cord : X 5)

c atrophic posterior roots

FIG. 208. COMBINATION OF SCLEROSIS OF THE POSTERIOR COLUMNS WITH MARGINAL
SCLEROSIS.

(Transverse section through the cervical portion of the cord : x 5)

a column of Burdach k marginal sclerosis (direct cerebellar
6 column of Goll tract)

a b cZ), alone or in combination with the direct cerebellar tracts

(Fig. 208 &) whose nerve-cells lie in the vesicular column of

Clarke, is occasionally met with; and the clinical symptoms cor-

responding to the several sets of degenerations are then mani-
fested simultaneously. In the malady known as Friedreich's
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disease, or hereditary ataxia, which seems to be referable to a

particular congenital and hereditary predisposition, the crossed

pyramidal and the direct cerehellar tracts are diseased, along with
the columns of (toll and Burdaeh. Again, degeneration of the

great sensory and motor neurons and neuronic systems is some-
times combined with a like disease of the commissunil-cells and
of the tract-cells that send their processes into the antero-lateral

columns, and this gives rise to the appearance of systemic or tract-

like degeneration in the affected regions.

References on Combined Systemic Degeneration*.

ARNOLD: Combined diseases of the tracts V. A. 127 1892
BLOCQ, and MAKINKSCO: Morbid anatomy of Friedreich's divaw .-I. <le neural.

1890
BKATN : Peculiar case of combined systemic disease of the cord and peripheral

nerves D. A. f. kl in. Med. XMI 1888
Bi'RY: Hereditary ataxia Bruin vin 1886 (with summary of cases)
DRESCHFELD: Friedreich'.s disease Manchester and Liverpool med. and surg.

Reports iv 1876
FKIKDKKICII : Ataxia V. A. 26, 27, 08 1876, and 70 1877
GOODHAKT: Hereditary ataxia Trans. Clin. Soc. xxi Ixmdon 1888
KAHLKU and PICK : Combined systemic diseases A./. Psych, vin 1878
MUNRU, T. K. : Chronic degenerative diseases of the central nervous system (ilas-

gow 1895 (with historical references)
ORMEHOU: Summary of literature on Friedriech's disease Brain vn 1885
PUTNAM: A group of cases of systemic sclerosis of the spinal cord associated

with diffuse collateral degeneration Journ. nf Nerr. and Mental Disease

xvi 1891
RI'TIMKYKR: Hereditary ataxia V. A. 91 1883 and 110 1887
SCHMATS: Degeneration of the lateral columns in tabes dorsalis D. A.f. klin.

Med. XLvi 1890
SCHTLTZK : Morbid anatomy of Friedreich's disease Z.f. Nerrenheill. \ 1893

STKUMPELL: Combined systemic diseases A. f. Psych, xi 1881, xvn 1886
WESTPHAL : A.f. Psych, v, vin, and ix 1879; V. A. 39 and 40 1867

SB
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CHAPTER XXXIV

INFECTIVE GRANULOMATA AND TUMOURS OF THE CORD

102. Tuberculosis of the spinal cord occurs in three different

forms. In the first place, single nodes, or even a solitary node,

may be formed in the substance of the cord, consisting of a central

cheesy mass, sometimes enclosing a small cavity due to disintegra-
tion, with a marginal zone of grey somewhat translucent granula-
tion-tissue. The nodes are sometimes as large as a hazel-nut, and
induce more or less extensive degeneration of the nerve-substance,
followed by secondary degeneration of the tracts. Large nodes

interrupt entirely the continuity of the nerve-fibres. Secondary
tubercles, due to lymphatic absorption, appear sooner or later in

the pia mater near the affected region ; and, according to an
observation of OBOLONSKY, the tuberculous infection may spread

by way of the central canal, so that new tubercles develope at

a distance from the original caseous node.

The second most common form of tuberculosis of the cord

arises by extension from the meninges; it is a tuberculous

meningo-myelitis, in which aggregations of cells and tubercles

develope round the vessels that enter the cord (Fig. 209). The
tracts of nerve-fibres show manifold signs of degeneration, and in

particular disintegration of the medullary sheaths and swelling
of the axis-cylinders (i).

The third form is that of disseminated tuberculosis of the cord,

independent of meningeal tuberculosis. In this form, typical
tubercles and circumvascular accumulations of cells make their

appearance both in the white and in the grey matter, and by dis-

turbing the circulation and nutrition of the tissue give rise to

numerous patches of local degeneration, as well as to secondary

degeneration of the tracts.

The smallest tubercles are scarcely -visible by the naked eye ;

the larger ones form grey and caseous nodes, which generally
exhibit the characters of white softening.

Syphilitic affections of the cord start as a rule in the mem-
branes, and are thus of the nature of meningitis and meningo-
myelitis (Art. 104) ; syphilitic disease of the vessels may how-
ever give rise to degeneration and inflammation (syphilitic

myelitis) in the interior of the cord. As has been already re-

marked, syphilis is said to be capable of causing extensive chronic
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degenerative changes, such as, for example, the characteristic scle-
rosis of the posterior columns in tabes dorsalis.

In leprosy of the nerves (lepra anaesthetica) the spinal cord
is m certain cases also involved. In some instances the affection
is discoverable only by histologieal examination, and is manifested
by degeneration and atrophy of the nerve-element*, and of the
ganglion-cells in particular (Tscmu.iEw;. In other cases patches
of softening and haemorrhagic infiltration are formed, and the mi-
croscope discloses in them disintegration of the nervous substance,
extravasations of blood, and inflammatory exudations. According
to the researches of SUDAKEWITSCH, made chiefly upon the Ga-
seriun ganglion and on the spinal root-ganglia, the bacilli of lep-
rosy enter the nerve-cells, and cause vacuolation and destruction
of their protoplasm. CHASSIOTIS found large numbers of the
bacilli of leprosy in the neurogliar tissue of the grey and white
matter, but failed to find them in the ganglion-cells.

References on Tuberculosis of the Cord.

GuARXERl : A. per le scienze med. II

GuNSSER : Tuberculosis of the cord Inauy. Diss. Tubingen 1890
HAYKM : A . <le physiol. 1873
JrxKKR : Tubercle in the grey matter Z. f. klin. ^fef^. i 1879
KOHTS: Tumours of the spinal cord (jerhardt's Handb.der Kinnerkrankheiten

1880: Wien. med. Matter 1885
LEYDKX : Klinik tier Rtickenmarkskrankheiten Berlin 1874
LlONVILLE: Tuberculous cerebro-spinal meningitis .1. tie physiol. lit 1870:

Proffren mc'il. 1874
OBOLOXSKY : Spread of tuberculosis by the central canal Prnatr Z.f. Ileilk. ix

1888
SACHS : Solitary tubercle of the cervical cord Xeurnl. Cent. 1887
SCHTLTZK: Tuberculosis of the cerebro-spiual nervous system /). .-I. f. klin.

Med. xxv 1879
VlRCHOW : Die krtinkhnflen Gf.Sf.hwUlttt

WILLIAMS: The spinal cord and its membranes in tuberculous and purulent
basilar meningitis D. A.f. klin. Med. xxv 1880

ZUXKKR: Tuberculosis in the grey matter Z.f. klin. Met!. \ 1879

References on Syphilitic Degeneration of the Cord.

BOETTIGKU: A. f. Psych, xxvi 1894 (with references)
GRKIKF: A.f. Psych, xn 1882
RUMPK : Die sy/ihilitinchen Erkrankumjtn des Nerrensysttms Wiesbaden 1S87
SCHMAUS: D. A.f. klin. Med. XLIV 1889
WESTI-HAL: The relation of syphilis to tales A.f. Psych, xi 1881
WiLViAMSOx : Changes in the spinal cord in a case of syphilitic paraplegia

Med. Chronicle xiv Manchester 1891

Reference* on Leprosy of the Cord.

CHASSIOTIS : Bacilli in the cord in anaesthetic leprosy Monatth.f.prakt. Dermal.

vi 1887
DANIKLSSKX and BOKCK : Trail* de la sp<'dalskrd Paris 1848
LA Mi HANS: Anaesthetic leprosy V. A. 64 1873
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LOOFT : Morbid anatomy of anaesthetic leprosy V. A. 128 1892
STEUDENER : Pathologie der Lepra mutilans Erlangen 1867
SUDAKEWITSCH : Morbid anatomy of leprosy Ziegler's Beitrdge n 1888
THOMA : Lepra arabum V. A. 57 1873
TSCHIR.IEW: Lesions of the cord in a case of anaesthetic leprosy A. de physio!.

vi 1879

103. Among the tumours of the spinal cord the gliomata
are the only ones that occur with any frequency. They usually
form elongated growths, situated chiefly about the central canal

or behind it. They consist of dense or sometimes of delicate

and gelatinous neurogliar tissue, and often enclose cavities, giving
rise to the conditions of hydromyelia and syringomyelia (Art.

95). That in many cases they are the result of anomalies of de-

velopment is beyond question. At times they are highly vascular,
and are then distinguished by the special name of telangiectatic

gliomata.
Fibromata, sarcomata, gliosarcomata, and angiosarcomata are

but rarely met with in the cord ; multiple fibromata may, how-

ever, appear in it in cases of general fibromatosis of the peripheral
nerves. The growths as a rule take the form of rounded tumours,
which give rise to more or less extensive degeneration.

References on Tumours of the Cord (see also Art. 95).

FURSTNER : Glioma A.f. Psych, xiv 1884
GLASER: Central angio-sarcoma in the cervical and lumbar cord A. f. Psych.

xvi 1886
KLEBS : Glioma Prayer Vierteljahrsschr. f. d. prakt. Heilkunde 133

KOHTS: Tumours of the spinal cord GerhardCs Handb. d. Kinderkrankheiten

Tubingen 1880
LACHMANX : Glioma A.f. Pysch. xm 1882
LEYDEX: Klinik der Ruckenmarkskrankheiten 1874
REISINGER: Glioma V. A. 98 1884
ROSENBERG: Tumours of the cord Inaug. Diss. Strassburg 1892 (with refer-

ences)
ROTH : Glioma A . de physiol. 1878
ScHtJPFEL : Glioma and glio-myxorna A . d. Heilk. vui 1867
SCHULTZE: Glioma A.f. Pysch. vni 1878; V. A. 102 1885
VIRCHOW : Die krankhaften Geschwulste

VOLKMANN: Glioma D. A.f. klin. Med. XLII 1888
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CHAPTER XXXV

THE MEMBRANES OF THE CORD
*

104. The most important morbid changes in the internal
membranes of the cord, the pia mater and arachnoid, are those
due to inflammation from haematogenous infection, from the
direct extension of inflammation in neighbouring parts, or from
traumatic injury. The term spinal meningitis is applied to this

condition. In purulent, aero-purulent, and tibrino-purulent in-

flammations a whitish exudation, containing a varying number of

pus-corpuscles, and often fibrin also, collects in the suharachnoid

space and within the pia mater. The exudation is sometimes con-
fined to the posterior, sometimes to the anterior surface ; again
it may extend over the entire length, or only over a limited jM>r-

tion of the cord. In certain cases the inflammatory exudation

appears simultaneously or at a later stage in the cerebral pia mater

(cerebro-spinal meningitis), or cerebral meningitis is followed by
the spinal affection.

Traumatic purulent meningitis is probably in most cases due
to the infection of some pre-existing injury by the ordinary micro-

cocci of suppuration, and this is also true of some of the haema-

togenous and conducted or consecutive forms of inflammation.

In a special infective disease whereof inflammation of the cerebro-

spinal meninges forms a characteristic feature, known as epidemic
cerebro-spinal meningitis, the Diplococcut pneumonia* appear* to

be the ordinary exciting cause; other micrococci and bacilli have,

however, been detected in this affection ( ADEXOT, NEVMAXN,
SCHAEFFER). HONOME discovered a peculiar streptococcus asso-

ciated with an epidemic of cerebro-spinal meningitis that took

place in the neighbourhood of Padua.

The fibres of the white matter of the cord adjoining the

inflamed regions often undergo degenerative changes, the medul- .

la rv sheaths disintegrating and the axis-cylinders swelling up.

Occasionally the inflammation spreads along the vessels and the

supporting strands of fibrous tissue to the sul>stance of the cord

itself, and thiis produces meningc-myelitis. In the nerve-r

likewise, inflammatory infiltrations and degenerative changes

sometimes make their appearance, and then neuritis is superadded

to the other disorders.

When recovery takes place after acute meningitis the exuda-
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tion is absorbed, but more or less extensive white indurations,

produced by proliferation of the connective tissue, remain behind :

at times also adhesions of the pia mater to the arachnoid tissue

and the dura mater are formed, and the nerves are thereby
encased in cicatricial tissue and undergo partial atrophy. In the

cord itself atrophy
and sclerosis along
the marginal surface

is an occasional result

of the process.
Tuberculosis of

the pia mater and of

the arachnoid mem-
brane may be limited

to the vertebral canal,

or may accompany tubercu-

losis of the cerebral menin-

ges ;
the latter is the more

common occurrence, and the

disease is then apt to involve

the cervical portion of the

theca vertebralis.

The tuberculosis is some-

times consecutive, and asso-

ciated with tuberculous dis-

ease of the vertebrae and
dura mater or of the sub-

stance of the cord ; in other

instances it is of haematoge-
nous origin. It is at times

manifested only by an erup-
tion of tuberculous nodules.

More commonly, however, a

more or less extensive in-

flammation is set up, in

consequence of which the

subarachnoid liquid becomes

turbid, the pia mater is in-

filtrated with a thin yellow-
ish-white sero-purulent or

fibrino-purulent exudation,
sometimes though not fre-

quently mingled with ex-

travasations of blood from

small haemorrhages (Fig. 209 b c
<jr).

The tubercles are for the

most part seated on the walls of the blood-vessels (/).
Tuberculous meningitis may spread also in the cord (i) and

nerve-roots (e A), the process thereupon assuming the characters

FIG. 209. TUBERCULOUS SPINAL MENINGITIS.

(Longitudinal section through the cord and
posterior roots: preparation hardened in
Mailer's fluid, and stained with anilin-blue

by STROEBE'S method : X 45)

a spinal cord 6 pia mater
c subarachnoid space d arachnoid membrane
e posterior roots infiltrated with cells and con-

taining a few swollen axis^cylinders

/ vessels with proliferous walls infiltrated with
cells

g cellular infiltration in subarachnoid space
h masses of cells interpenetrating the nerves
i swollen axis-cylinders
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of tuberculous meningo-myelitis and neuritis, ami leading to
more or less extensive degeneration of the nerve-elements (e i) in
the affected region (Art. lOi with references).

Syphilitic spinal meningitis is on the whole a rare disease.
It appears in the form of rounded or superficially diffused inflam-
matory infiltrations, involving to a variable extent the adjoining

Pio. 210. SYPHILITIC INDURATION AND ADHESIONS IN THE LUMBAR COBD.

(Section through thf cord and its mrinbranet : preparation hardened hi Mallrr * Jluid
and alcohol, and ttained tcith ftarmatorytin and nirmtnr : x 8)

a thickened dura mater
6 aiachnoid membrane
c pia mater
</ white matter of the cord
e grey matter of the cord

ffi cross-flection of healthy nerve-root*

g gi cross-flection of degenerate nerve-
roots

h cellular tissue connecting the arachnoid
nii'm br.iiic .-in. I tin- <lura mater

i newly-formed <-omi.-.-ti\e tissue sur-

rounding and uniting the nenre-
bundlea

newly-formed connective tisftue unit-

ing the dura mater, arachnoid mem-
brane, and pia matrr into a single
cicatririal mass

cheesy deposit
transverse section of an artery with

LTraily iliifki'iu^l intima
inrtamniat<>rT infiltration of the pi*
matrr in the anterior fissure

degenerate and sclerotic tissue in the
medial parts of the anterior column*

foci of flivrriii*r.itii>ii in the p'<
inn- and of iniiammatiun in in*

grey matter
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substance of the cord or even the dura mater. In particular
cases it extends from the vertebrae and dura mater to the internal

membranes.
The inflammation and proliferation lead in the course of time

to thickening of the pia mater, to closer cohesion of this with the

arachnoid, and to adhesions between both and the dura mater

(Fig. 210 h k~). The nerves lying within the region of inflamma-

tory proliferation become surrounded by new-formed tissue (z),
and gradually undergo atrophy as the proliferation invades the

endoneurium also (g ffi). Partial necrosis of the inflamed and

proliferous tissue occasionally results in the formation of cheesy
deposits (7) within the cicatricial indurations. The adjacent sub-

stance of the cord, by compression and by disturbance of its

nutrition due in part to obliteration of the vessels, may undergo
more or less extensive atrophy and sclerosis (0 and p below).
Sometimes the inflammatory infiltration and proliferation extend

along the connecting strands of fibrous tissue and the vessels into

the interior of the cord (n and p left side).

Haemorrhages into the meninges are generally the result of

traumatic injury; they occur also, however, in connexion with

haemophilia, purpura, and infective diseases, and in rare cases

they arise from causes that cannot be traced.

References on the Aetiology and Histology of Spinal Meningitis.

ADENOT: Bacteriological researches on a case of meningitis A. de med. exp. i

1889
BOXOME : Aetiology of epidemic cerebro-spinal meningitis Ziegler's Beitrdge vin

1890
CEXTAXXI: A new micro-organism in meningitis A. per le scienze med. xvn

1893 (with references)
FOA and BOKDONI-UFFREDUZZI: Aetiology of epidemic cerebro-spiual menin-

gitis Z. f. Hygiene iv 1888
GOLDSCHMIDT: Aetiology of cerebro-spinal meningitis Cent. f. Bakleriologie n

1887
HAUSER: Frankel's pneumonia-diplococcus in cerebro-spinal meningitis Munch.

med. Woch. 1888
NETTER: Meningitis due to the pneumococcus A. gen. de med. 1887
NEUMANN and SCHAEFFER: Aetiology of purulent meningitis V. A. 109 1887
ORTMANN: Aetiology of cerebro-spinal meningitis A.f. exp. Path, xxiv 1888
WEICHSELBAUM : Aetiology of acute cerebro-spinal meningitis Fortschr. d. Med.

V1887
WIETING: Meningo-myelitis Ziegler's Beitrdge -xm 1893

References on Syphilis of the Spinal Meninges and of the Cord.

BOETTIGER: Syphilitic diseases of the spinal cord A. f. Psych, xxvi 1884

(with references)
BUTTERSACK: Syphilitic diseases of the central nervous system A. f. Psych.

xvn 1887
CHARCOT and GOMBAULT: Disseminated lesions in a syphilitic woman A. de

physiol. 1873
DINKLER : Tabes dorsalis with syphilitic meningitis Z. f. Nervenheilk. 1893
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Jt'iLLARn: Localisations s/tinalrs At la t>/phili* Paris 1879
LANCEKEAfx: Traitt tie la syuliili* Paris 1879
IfULJJER: Syphilis of the oora .1. /". Derm, xxin 1891
PICK: Cerehro-spinal syphilis l*ni<jer X. f. Heilk. xm 1892
RUMPF: Sypkilitucke Erkranhtngm dr. Nerrentystem* Wiesbaden 1887
BlUfKRLINO: Congenital cerebral and spinal syphilis .!. /: Ptych. xx 1888

Syphilis of the central nervous system ibidem xxn 1890
SOTTAS : L'anat. et la din. dei jxirulysiei tjtinalea $yithUitiquet 1'aris 1894 (with

references)

10"). Aiming the tumours of the inner spinal membranes,
small osteomata are the first to be mentioned ; in the form of
small white disi-s or plates they are often found in the arachnoid.
According to ZANDA their formation is due to degenerative
changes in the fibrous tissue, and they are furnished with new
blood-vessels from the dura mater. Varicose dilatations of the pial

Fio. 211. VENOUS ANOIOMA or THE ri.\ MATER.

(Crotf-Sfction nf the lumbar rnrtl : prffxiration hardwetl in Miillrr't fluid anil alcohol,
cut in celloidin, stained icith tiannatoxylin and carmine, and mounted in Canada
balsam : X 4)

a dura mater
b spinal ford
c transverse sect ion through venous blood-

spacM

d </! transverse section through the an-
terior nerre-rootr

e
| transverse section through the pos-

terior nerve-roots

V

veins are not uncommon, and sometimes lead to the formation of

venous cavernous angiomata ( Fig. 211 c), which as they grow
produce compression of the cord (6) and of the nerve-root*

( ./
c/j

e *,).
( M tin- true tumours, most of thr connective-tissue forms occur

as jirimarv growths, such as sarcomata, tibmuiata, m\ \"in.it.i, an-

pomata, angio-sarcomata. and lipomata. Lipomata are met with

chiefly in cases of spina bitida. The fibromata form rounded
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nodes, and have their origin most commonly in the perineurium
of the nerve-roots (Fig. 212 c d). The sarcomata form rounded

or superficial growths, and sometimes invade
the substance of the cord. Some of the

sarcomata, in which the neoplastic prolifera-
tion starts in the endothelium enveloping
the fibrous connecting strands, and which

possess an alveolar structure, are classed

with the alveolar endotheliomata.
Tumours characterised by excessive vas-

cular hyperplasia (Figs. 212 e and 213) are

regarded as angiomata and angio-sarcomata.

a

FIG. 212. FIBROMA AND
PAPILLOMATOUS ANGIO-
SARCOMA OF THE CAUDA
EQUINA WITH CENTRAL
GLIOMA OF THE LUM-
BAR CORD.

(Reduced to one-half the
natural size)

a thoracic portion of the
cord

b dilated lumbar portion
with central glioma
and excavation

c and '/ fibromata
e angio-sarcoma

FIG. 213. PAPILLOMATOUS ANGIO-SARCOMA WITH HYALINE
DEGENERATION.

From the cauda equina shown in Fig. 212 (e) (preparation
hardened in Muller's.fluid, stained with haematoxylin,
and mounted in Canada balsam : X 150)

a small single vessels b large single vessels

c vascular tufts cut partly in the longitudinal and partly
in the transverse direction

d denucleated vessels in hyaline denucleated connective
tissue

e single cells lying between the vascular tufts

/ fibro-cellular tissue lying between the vascular tufts

They have sometimes a peculiar structure,

recalling that of the placenta, and contain

numerous papillary outgrowths composed of

blood-vessels (Fig. 213 a b} and vascular

tufts (c d), interspersed with single cells

(e) or patches of myxomatous and sarcoma-

tous tissue (/). The hyaline degeneration
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(rf) frequently associated with these neoplasms justifies us in

classing them as cylindromata.

Among the secondary tumours carcinomata and sarcomata
are met with, some forming circumscribed nodes, and others dif-
fuse proliferous growths which fill the arachnoid cavity, envelope
closely the cord and nerve-roots, and sometimes invade the sub-
stance of the cord itself.

References on Tumours of the Internal Spinal Meninget.

Cystosarcoma Dfutrrhe Klinii 1860
llKAriiAfii: Lipotna A. f. I'tyrh. xv 1884
CHIAKI: Cholesteatoma of the dorsal cord Prtiqtr meil. Woch. 1883
CUAMKK: Multiple angio-sarcoma of the spinal pia mater Inaug. Di*. Marburg

GAN(;rn.i.KT: Cylindrorna Inmiff. Dins. Berne 1878
GAI-I'I-: Morliid anatomy of the spinal cord and its membranes Ziegler't Bei-

tnif/e n 1888
LACIIMANN: (ilioma of the filum tenninale A. f. Psych. xm 1882
LKYIKX: Klinik der ROckenmarkskrankkeiten i Herlin 1874
RoSKNBKRO: Tumours of the cord Inuutj. Diss. Strasburg 1892 (with refer-

ences)
Sriiri./.: Sarcoma of the spinal pia mater A. f. Psych, xvi 1885
WKSTTHAI. : Multiple sarcomatosis of the brain and of the membranes of the

cord A.f. P*yeh. xxvi 1894
ZAXHA: The development of the osteomata of the spinal arachnoid Zitgltrt

Beitriige \ 1889

100. The spinal dura mater forms a theca or elongated sac

loosely enveloping the cord, and separated from the vertebral

canal by the epidural space. Acute inflammation of the dura
mater, or pachymeningitis, as a rule results from inflammation of

the neighbouring internal membranes and of the vertebrae, or is

of traumatic origin. As the dura mater is close and stout in tex-

ture, inflammatory infiltration of its tissue can take place only to

a slight extent, and is accordingly in most cases limited to its

superficial layers. In the process of recovery after inflammation

adhesions to the adjacent structures are apt to be formed.

Scattered patches of proliferation on the internal surface, suc-

ceeding the deposition of fibrin thereupon, are occasionally but

not very frequently observed, and lead to the formation of deli-

cate vascular false membranes. Within these membranes haemor-

rhages of varying extent are apt to take place, and the process
is therefore described as internal haemorrhagic pachymenin-
gitis. Its causation is unknown, except in those cases where it

follows vertebral or pial disease, m \\ lu-iv tuberculosis or syphilis
an- pn-sent. The slighter forms of the disease cause no recognis-
able changes in the cord itself. In the severer cases adliesimis

with the arachnoid and pia mater may IK* formed, and the inflam-

mation mav extend to the pia mater: in ->es degenei.it i\ e

changes soon make their apjH-.iiaii.-e
in the rd.
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Tuberculosis of the spinal dura mater is almost always a

secondary affection, usually proceeding from the vertebrae, more

rarely from the cord and the pia mater. Numerous caseous

deposits are produced in the epidural space, compressing the
dural sac and the spinal cord it encloses. The dura mater is

sometimes covered externally with caseous granulomatous de-

posits, while on its internal surface are formed delicate pachy-
meningitic false membranes resembling the non-tuberculous
membranes above referred to. If the tubercle-bacilli penetrate
into the substance of the dural sac, disseminated tubercles, with
or without caseating granulations, make their appearance on the

internal surface of the membrane.

Syphilitic inflammation and granulomatous proliferation
occur both as primary and as secondary morbid processes in the

dura mater; in the latter case they originate in the pia mater,

very seldom in the vertebrae (Art. 104).

Among the primary tumours of the spinal dura mater, sarco-

mata, fibromata, and myxomata have been recorded. Lipomata
have been repeatedly observed in the epidural space. Hydatid
cysts may develope both in the epidural space and in the dural

sac itself ; they are, however, rare.

References on the Morbid Anatomy of the Spinal Dura Mater.

ADAMKIEWICZ : Pachymeningitis hypertrophica Vienna 1890
BURTIN: Hypertrophic spinal pachymeningitis These Paris 1878
CHARCOT : Diseases of the nervous system u London 1877-1883
FRANCOTTE : Fibroma of the spinal dura mater Ann. de la Soc. med.-chir. de

Liege 1888
JOFFROY: Spontaneous cervical pachymeningitis These Paris 1873; A. gen. de

med. ii 1876
LAXCEREAUX: Traite' historique et pratique de la syphilis Paris 1873
MICHAUD: Meningitis and myelitis in spinal disease These Paris 1871
NEISSER: Die Echinococcenkrankheit Berlin 1877
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CHAPTER XXXVI

STRUCTURE AND FUNCTIONS OF THE BRAIN
V

107. The part of the central nervous system enclosed by the
cranium consists of the cerebrum and cerebral axis, with the cere-
bellum.

The cerebrum is made up of two hemispheres, united by a
commissure, the corpus callosum. The outer surface of the hemi-
spheres is marked in a characteristic fashion by ramifying and
intercommunicating furrows or tulci, between which the brain-
substance is thrown into tortuous ridges and prominences, known
as the gyri or convolutions.

Some of the sulci are characteristic of the human brain, and
are always present; others are subject to considerable variation
in different brains, and thus the details of the configuration of
the gyri are by no means constant. The most im{>ortant sulci

are the sylvian fissure ( Fig. 214 ), the central or rolandian fis-

sure (a), the pro-central (/>), the intraparietal </). the super-
ficial temporal or first-temporal (/), the parieto occipital (r),
the anterior-occipital (i ), and the inferior-occipital < h) fissures.

The central or rolandian fissure (a) divides the cerebral hemisphere into an
antt-rior and a posterior portion ; the gyrus immediately in front of it i.- known
as tin- pre-central or ascending frontal (.1) convolution, tin- one immedi-

ately behind it as the post-central or ascending-parietal ( /.') convolution.
The term opercular or central lobe is applied to the group of convolu-

tions surrounding the central fissure, namely the pre-central. port-central, para-
central (uniting them al>ove), and infra-central (uniting them lielow). The
portion of the hemisphere in front of the pre-central fissure (6) in the frontal
iobe in the narrower sense of the term, and is divided into the superior-
frontal ('',). the middle-frontal (''..). and the inferior-frontal i

' '.) convolutions.

These three convolutions pass downwards round the anterior border of the

hemisphere to its orbital surface.

Behind the post-central convolution lies the parietal lobe ( /'). divided by
the intraparietal fissure (/) into a superior-parietal and an inferior-parietal
lobule. The latter is made up of the marginal or supra-marginal gyrus (/')

and the angular gyrus ( F).
The parieto-occipital (c) and the anterior-occipital sulci (") form the boun-

dary I ! u .-.-n the parietal and the occipital lobe (
'/ ). and in the space between

tli.--.- two furrows the so-called annectant (or connecting) gyri pass over from
the parietal to the occipital loU-.

Ilu- sylvian fissure (r) forms the boundary between the lower and outer

portions of the frontal, central, and parietal lobes and the temporal lobe.

Tin- gyrua bordering the lower *i<l- of this fissure is the first-temporal or supe-
rior temporo-epbeuoidal convolution (//,).
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The gyrus which bends round the upper end of the sylvian fissure belongs,
as we have said, to the inferior-parietal lobule, and is known as the marginal
gyrus (E). Below the superior-temporal (also called the parallel) fissure (/)
is the second-temporal gyrus (H2 ). Its upper portion, though it bends round
the fissure, is still regarded as belonging to the inferior-parietal lobule, and has
received the name of the angular gyrus (F). Below the second-temporal fis-

sure (Fig. 214 g) is found the third-temporal gyrus (Fig. 215 G). If the lips
of the sylvian fissure are drawn apart, the island of lleil or insula becomes
visible.

The median aspect of the first-frontal gyrus (Fig. 215 A) has received no

special name; that of the operculum is known as the paracentral lobule.

Both are bounded inferiorly by the calloso-marginal sulcus (a), which ante-

riorly separates the first-frontal from the callosal gyrus or gyrus cinguli (A"),

D

Fia. 214. EXTERNAL SURFACE OF THE LEFT CEREBRAL HEMISPHERE.

(Drawn from a brain treated with nitric acid and dried)

a central fissure B post-central gyrus
6 pre-central fissure GI
c parieto-occipital fissure C2

d intraparietal fissure Cg
e sylvian fissure D
f superficial-temporal fissure E
g second-temporal fissure F
h inferior-occipital fissure G
i anterior-occipital fissure H\
A pre-central gyrus H2

superior-frontal gyrus
middle-frontal gyrus
inferior-frontal gyrus
parietal lobe

marginal gyrus
angular gyrus
occipital lobe

first-temporal gyrus
second-temporal gyrus

and posteriorly by the paracentral lobule (B) from the praecuneus or quadrate
lobule (C), the median portion of the superior-parietal lobule. The median

portion of the occipital lobe is known as the cuneus (/)), and is separated from
the praecuneus by the parieto-occipital sulcus (ft).

The fissure known as the transverse-occipital sulcus or calcarine fissure (c)

separates the cuneus from the lingual gyrus (E). The latter passes anteriorly
into the hippocampal gyrus (//), which is a continuation of Jhe callosal

gyrus (K).
Below the lingual and the hippocampal gyrus lies the occipito-temporal

or collateral sulcus (d), and below this the occipito-temporal or fusiform gyrus

(F).
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The substance of the cerebrum ( Fig. 210) w composed of the cortex (co.) andthe medullary white matter. The former has a grey colour, and even-where
lorms the outermost layer of the cerebrum ; at the base it dip* here and there
into the interior, forming the grey structure* known a* the claustruiii (/ ) the
nucleus

amygdalae (..), the caudate nut-leu* (<..), and the external segmentof the lenticular nucleus or putuiiieii (WSRKICKK). The latter two nuclei are

Fio. '.M.'i

(,' H

MKDIAN st RKA< r. OK TIIK < KKKBRI-M.

(Drawn from <i fresh preparation :

median surface of the first-frontal

gyrna
paracentral lobule

|>raecuneus
c'nneuH

lingual jryrus
%

cipiti-teiiiporiil gyms
inferior-trm|ioral gyrua
liip|M>CJiinpal tryrus
unrinate ^'.v

i u-

Rtilcus

traii8veri<-<x'cipital sulciui or calcar-

ine fissure

mlucftl to ont-hatf the natural tizt)

d orcipito-tetii|toral snlcus
e nre-nccipital sulrus

/ inf'rior-tMii|)oral xulcos
>/ f.-iirtli-ti'iii|><>r:il silli-lli

J
1

<**

k

I

m
n

s|ili-niuiii .if the corpufl eallocnm
I-MHI of the rnrpun cnUusutn
fornix
nii-itiaii siirfa<-f of th? optic tLalamu*

with the Mift oimmiMure
sfjitiiin i

M-ll in-ill iim
anterior rnnimiMure
ems rerebri

rorpiM iii.-iiniitillariam (albicans)

optic nerve

continuous anteriorly with one another as well as with the cortex (*uh*tantia

jH-rt'orata anterior).

"

Posteriorly they are separated from one another by layers
of white matter.

The ^ri-y masses known a- th>> optic thalamus (ih.) and the subthalnmir

body (<**) or nucleus <if Lu\>. to^i-th.-r with th> inner two-thirds of the len-

ticular nucleus (./.). do not lelong to the cerebral cortex, but to the cerebral

axis.
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The grey matter of the cerebrum contains, embedded in a matrix which
after death has a finely granular appearance, a large number of stellate gan-
glion-cells of various forms, with plexuses and tracts of fine and coarse nerve-
fibres.

The white or medullary substance consists essentially of medullated nerve-

fibres, without sheaths, which have their origin or termination in the grey
matter of the brain. According to RAMON Y CAJAL, these fibres are of four
chief types, namely projective fibres, commissural fibres, associative fibres, and

centripetal fibres.

CO.

CJS.

FIG. 216. FRONTAL SECTION OF THE CEREBRUM.

(Diagrammatic ; after SCHWALBE)

co. cortex c.m.
co.i. cortex of the insula c.s.

cl. claustrum m.
n.a. nucleus amygdalae c.i.

11.'-. caudate nucleus c.e.

n.l. lenticular nucleus St. t.

th. optic thalamus

soft commissure
subthalamic body
substantia nigra
internal capsule
external capsule
stria terminalis

c/. pillars of the fornix

/. fornix
c.c. corpus callosum
v. Ill third ventricle
v. I. lateral ventricle
(.<>. optic tract

The projective fibres (Fig. 217 a) start from all parts of the cortex, and,
after giving off collateral branches to the corpus callosum (A ) and to the grey
matter of the cerebral axis, constitute the greater part of the pyramidal
tract (C). The commissural fibres (A), which pass through the corpus callo-

sum, arise in the cortex of one hemisphere and end in the other. The fibres of

the anterior commissure (B) arise in the region of the cuneus. The associative

fibres (c), which form the main mass of the white matter, connect by their

lateral and terminal branches the cortical cells with numerous other cortical

regions.
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On the surface of the brain various cortical areas or centre* are distin-
guished according to their function. The motor centre* extend orer the two
central convolution and the paracentral lobule; the centres for the facial and
the hypofflottal nerves lie in the lower third, those for the arm* in the middle
third, and tho.se for the legs in DIP upper third and in the paracentral lol.ule
I he several regions are not sharply separated, but pass one into the other'
Hie centres for the movement! of the trunk are said to be situated in the
frontal lobe.

The motor speech-centre, or region wherein verbal images are translated
into spoken words, is in right-handed persons situated in the posterior part
of the left third-frontal gyrus. The sensory speech-centre, with which the
memory of the sound of words w associated, lies in the left first-temiwral
gyrus.

The centres for sensation have in general the same situation as the motor
centres, extending however to other regions, such as the parietal lobe (\OTH-
NACEL, BKCHTBRBW, WKRXICKK).

The visual centre lies in the
occipital lobe, chiefly aliout the region of the

calcarine fissure and of the cuneus. 'I he seat of the olfactory centre is not

FIG. 217. DIAGRAMMATIC SCHKMK OF THR COURSE or THK MERYI-FIBRCA WITHIN
THB BRAIN (lifter RAMUN Y C'AJAL).

6A corpus callosum
B anterior commissure
C pyramidal tract
a neuron with projeotive fibres and col-

lateral commissural fibres

neuron with fibres to the corpus cal-
loaum

c neuron with associative fibre*
e<l terminal ramifications of various neu-

rons in tbe cerebral cortex

positively known; perhaps it is in the uncinate gyrus. The auditory centre
is situated in the temporal lole, and it is assumed that the centre in each

hemisphere is connected with t>oth auditory nenree.

Psychical functions are associated with the whole of the cerebrsJ cortex.

The frontal lol>e is regarded as specially concerned in the performance of the

higner mental functions.

The cerebral axis consists of the medulla oblongata (Fie. 218 JS.oM.),

pons (/'".), the crura </'. the subthalamic nucleus (Fig. 216 r...) with the

tuber cinereum (Fig. 218 T.c.) and corpora mammillaria (C.m.), the cerebel-

lum (Fig. 218 />. fir. F/.), the corpora quadrigemina- and the optic thalamus

(Figs. 216 th. and 215 *).
All these parts may, from their mode of origin, be regarded as modifica-

tions of the spinal cord, and the cerebral nerves that are homologous with the

spinal nerves start from this region (Fig. -'I* 1-XII :md Fig. 179 7//-JT//).

The cerebral axis contains no parts that are related to psychical activity ;

its centres are partly automatic and partly reflex in their nature and function*.

2c
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The medulla oblongata, for example, contains the reflex centre for the
closure of the eyelids, coughing, sneezing, sucking, etc., as well as centres that
correlate subordinate reflexes of the spinal cord. It contains also the centres
for the nerves of respiration, the motor nerves of the heart, and the vaso-motor

nerves, as well as 'a centre which when stimulated induces general convulsions.

Here are also the mechanisms for the co-ordination of the movements subserv-

ing vocal articulation (KussMAUL),for the perception of speech as mere sound,
and for the perception of written characters as mere shapes. The mental pre-
sentation of the syllables and words to be uttered in articulate speech, and
the association of the sounds and written shapes perceived with the appropriate
verbal images, is effected in the cerebral cortex.

Stimulation of the pons causes convulsions and painful sensations; its

destruction causes sensory, motor, and vaso-motor paralysis. In the cerebellum

N.oU.

FIG. 218. BASAL ASPECT OF THE CEREBRAL AXIS.

S.Str. lateral column of the cord H.
V.titr. anterior column of the cord
M.obL medulla ohlongata Tr.o.

Py. pyramid Ch.
D.Py. decussation of the pyramids I

0. olive //
Po. pons ///
D. anterior lobe of the cerebellum IV
Gr. digastric lobe of the cerebellum V and
Fl. flocculus of the cerebellum VI

Br.S. middle peduncles of the cere- VII
bellum VIII

Pe. cms cerebri (cerebral peduncle) IX
S.p.p. substantia perforata posterior X
L.p.a. lamina perforata anterior XI
C.m. corpora mammillaria (albieantia) XII
T.c. tuber ciuereum with the iufundi- Ci

buluin

cut surface of the hypophysis
(uituitary body)

optic tract

optic chiasma
61 factory nerve

optic nerve
oculomotor nerve
trochlearis nerve
Fi trifacial nerve
abducens oculi nerve
facial nerve

auditory nerve

glosso-pharyngeal nerve
vagus nerve
spinal accessory nerve
hypoglossal nerve
anterior roots of the first cervical

nerve
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and corpora quadrigemina are situated centres for the adjustment and co-ordina-
tion of the movements of the limbs and trunk, and no on. The functions of the
optic thalainus and of the nucleus of the pons are unknown.
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CA.IAL. RAMON Y: IM structure tlu systtme nerreux 1'ari.s 1894. und A. /'. Inat.

1893
CHARCOT : Le localuationt dans Irs maladies ilu ctri'fau Paris 1878, trans. (New

Syd. Soc.) London 1883
I)K.II*KIXK : Anatomic den centres nerreuj: Paris 1895
ECKBR: Die Hirnwindungen dm .\fensrhw Brunswick 1883
EDINOBR: liau der nerrosen Centralnrgane Leipzig 1894
KXNKK: Function tier Grotthirnrindt Vienna 1890: Recent physiological in-

vestigations on the cerebral cortex Biol. Centralbl. v 1885: Ixwalisation
Wien. med. M'wA. 1886

FKKKIKK : The function* of the brain London 1886; Cerebral localisation London
1890

FLECHSIO: Die LeitwiggbaJtnen im Gehirn und RQckenmark del Aferucken Leipzig
1876, and /'/(/// <l. men.ichl. (irliinie* Leijizi^ 1883

FRITSCII and HII/K. : .I./. Anal. ti. /'lii/siol. (Reichert's) 1870
vox (iKiircHTKX : Le syslt-Hie ntrreujr de 1'hinnmf Lierre 1893
GoLCi : Der frinrre Jiau /<-. Ntrcen$yttetM Jena 1894
CiOI-T/ : L'elier die Verrichtuntjen des 1!rosxhirnr Honn 1881
(iitossiii.iK : Physiology of the frontal l<.l>es .I./. Anal. u. I'hysiol. 1895
11 1 1 /it.: I'nterswh. iiber das (j'ehirn Herlin 1874; Functions of the brain Biol.

CentralM. vi 1886
HOKSI.KY: JSrain and spinal cord Lon<loii 1892
K'i i IKI u: //mid/inch der deicebelthrr n I>eij>y.ig 1893
KfSSMAi'l. : Die Stiirungen der Sftrnrhe Leipzig 1885
LKXiiossi-fK : Der feinere liau des \n-rensyntt ins Herlin 1895
LrciA.M : Dan Kleintiirn Ix?ipzig 1893
.Mi i: M i.: Harulbvck der topograpkitcken Anatomie i Brunswick 1884
vox MOXAKOVV: Investigations on the optical centres and tracts A.f Ptych.

xiv 1884, xvi 1885. \\ 1889. \\n 189O. \\iii 1892. xxiv 1892
MCXK: I'elte.r die Fiinctionen der (irnsshirnrinde Iterlin 1890
NoTllXAiJKL: Tofiiscfie Diagnostic der tirhirnlcrankhfittn Berlin 1879
NOTHXAGKL and NATXYX : Localisation of cerebral diseases Verb. Congrrtt.f.

inn. Med. Wiesbaden 1887
OBEHSTKINKII : Anleitung bet der Unlersuchung des Baues der nerroten (,'entral-

organe I^eijr/.ig 1891
OBKRSTKIXKK and HILI. : f'entral ntrvnu* organs London 1890
OPPKXHKIM : Lehrbuch der Xerrentrantkeiten Iterlin 1894
SACHS : Bau u. Thiltightit d. Gnmshirns Breslau 1893
SCHWALBK : Lehrbuch der Xeuroiogie Krlangen 1881
TOLOT : Lehrb. d. Geicebelehre 4th edition Stuttgart 1894
WK%MCKK: Lehrb. d. Gehirrdranth. i Cassel and Berlin 1881



388 MALFORMATIONS OF THE BRAIN [CHAP. XXXVII

CHAPTER XXXVII

MALFORMATIONS OF THE BRAIN

108. The malformations of the brain relate most commonly
to the cerebral hemispheres and the cerebellum, these being the

parts which in their development from the primitive cerebral

vesicles undergo the greatest amount of growth and the most

important transformations. The parts of the cerebral axis aris-

ing from the vesicles of the hind-brain, mid-brain, and inter-brain,
are also in some cases imperfectly developed.

Some of the malformations of the brain are associated with
malformations of the cranium, such as agenesis of particular por-

Fio. 219. HEAD OF THE MICROCEPHALIC CHILD HELEN BECKER.

(Aged 5 years : from a photograph taken by A. ECKER in the year 1868)

tions of it. Of this nature are total or partial anencephalia, and

cephalocele or cerebral hernia, which occur in combination with

acrania, cranioschisis, or craniorachischisis, or with mere osseous

defects of the cranium.

Among the malformations that are met with when the skull

is entire and closed, there are two main classes, one characterised
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ty hypoplaiia or tinder-growth, the other by agenesis or total
absence of particular portion* of the brain/ Them; two tvin-s

cannot, however, In* sharply sepa-
rated, for hypoplasia is sometimes
combined with, or passes into,

partial agenesis. A third group,
likewise incapable of sharp separa-
tion from the others, and in some
instances appearing merely as a

variety of
hypoplasia or partial

agenesis, includes anomalies of

development in the fissures, minor
sulci, and convolutions. In a

fourth group might be placed
anomalies of the minuter structure
and organisation of the brain-

Flu . '-''JO. I'.IC UN OF THE MICROCE-
PHALIC mi i> HKLRN BKCKKR

(IHed at thr uge >/ 8: from vox Bliw H-
OFK: treiyht of the brain 219
gnimmfs, instead of the normal
(ViKRoRDT) l.'fT? r/fainniti)

Ft-.. .M. BRAIX WEIOBIXO 000 URAMMB.S

(From an imbecile epileptic woman <>/ .T7 : reduced to three-fourth* of the natural tixe)

a frontal lobes b o-ntrnl .-onvulutinns oocipital lobc d nnrovprvd
i>t>lhiin iiinlfV'lo|M-l parietal lobes with membranoui gyri / atten-

uated gyri of the right frontal lob
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substance, though such anomalies are often merely local mani-
festations of agenesis or hypoplasia. Lastly, certain conditions of

hypertrophy might also be counted among the malformations.

Hypoplasia of the entire brain occurs, first, in the condition
termed micrencephalia (Fig. 220), in which the hypoplasia is

accompanied by smallness of the skull itself, in other words by
some degree of microcephalia (Fig. 219). The malformation is

sometimes present even at birth, but becomes more striking when,
while the rest of the body grows, the brain and skull remain in

the infantile condition. The mass of the brain, which in men

FIG. 222. HYPOPLASIA AND MICROGYRIA.

(From the left cerebral hemisphere of a deaf-mute: viewedfrom above after removal of
the cerebellum : two-thirds of the natural size)

a right hemisphere
b left hemisphere
c undeveloped left occipital lobe with

microgyria

d membranous vesicle in the region of

the parietal lobe

amounts on the average to 1375 grammes, and in women to 1245

grammes, varies in such cases from 900 to 200 grammes, and may
thus be even below the normal for a new-born infant's brain (385

grammes).
The general formation of the under-grown cerebral hemi-

spheres may still be normal ; but there is often deficiency of the

secondary sulci (Fig. 220), and at times of the primary sulci or
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fissures also, the surface of the brain apj>earing scantily convoluted
and imperfectly mapi>ed out into lobes. In other cases, on the
contrary, the gyri are here and there abnormally numerous and
attenuated (Fig. 221 /), the condition being called microgyria.
It sometimes happens that certain of the gyri consist of little more
than membranous folds (Fig. 221 <), containing no proper brain-
substance.

The cerebellum and the cerebral axis are sometimes stunted as
well as the cerebrum ; but these parts are usually less retarded in

growth than the latter. The cord also often remains abnormally
small, the pyramidal tracts ami columns of (ioll being the parts
chiSfly affected, and to a less degree the anterior columns and the
direct cerebellar tracts.

Fio. 1TJ3. FRONTAL HRCTHIN THROUGH THK HRAIX or no. 122.

(Three-fourth* of the nntunil ')
a ritfht hemisphere d temporal 'lobe with .!ilat-.| inferior
b undeveloped left

hemisphere rornti of the lateral ventricle and
c area showing miorogyria apluia of the middle-temporal fjme

Partial hypoplasia of the brain is most commonly met with
in the cerebral and cerelellar hemispheres ; it may also involve
some portions of the cerebral axis. The diminution in H/.e of

parts of the cerebral hemispheres (Fig. 222 c d} gives rise to

asy^nmetry of the cerebrum, and is often associated with imjierfect

development of the convolutions. These are abnormally small

and thin (c), or the brain-substance is here and there represented

only by a thin-walled vesicle ( </), the cortex and the white matter
at the affected spots Iwing entirely undeveloped (Fig. '2'23 r/) or

at least stunted in their growth (<r).

Hvpojilasia nf the cerebellum, a condition in which the devel-

opment of parts or the whole of this organ is arrested, is not
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uncommon, and cases are met with in which the size of the whole

cerebellum is not greater than that of a walnut. Within the area

of hypoplasia the gyri are usually much diminished in size (Fig.

230), so that we might describe the condition as cerebellar micro-

gyria. In extreme hypoplasia of the cerebellum the tracts con-

necting it with the pons are also imperfectly developed.
Extreme hypoplasia of the cerebral hemispheres is apt to be

associated with defective development of the pyramidal tracts.

Among the deeper and basal structures, the corpus callosum and
the fornix, the optic thalami, the corpora striata, the corpora
mammillaria, the corpora quadrigemina, etc., are sometimes
found to be stunted or defective.

Hypoplasia of the brain was formerly explained (VoGT) as due
to atavism ;

but there can be no doubt that this view is erroneous,
and that such hypoplasia is to be regarded as resulting from
arrest of development, usually idiopathic but sometimes perhaps

dependent on morbid influences exerted during the period of

intra-uterine growth. In a few cases micrencephalia is caused by
premature synostosis of the cranial bones.

References on Hypoplasia of the Cerebrum and Cerebellum

(see also Art, 109).
AEBY: Microcephalia A.f. Anthropol. vi and vn 1874; Ueber das Verhaltniss

der Mikrocephalie zum Atai-ismus Stuttgart 1878, and V. A. 77 1879
ANTON: Angebore.ne Erkrankungen d. Centralnervensyslems Vienna 1890
ARNDT : Pathology of the cerebellum A.f. Psych, xxvi 1894
VON BISCHOFF : Microcephalia Abhandl. Akad. d. Wiss. in Miinchen xi 1872
CIIIARI : Jahrb. f. Kinderhe'dk. xiv 1871
CRAMER : Left-sided atrophy of the cerebellum Ziegler's Beitrage xi 1891
FISCHER : Malformations of the cerebellum by arrest of growth A. f. Psych, v

1875
FLESCH : Verhnndl. phys.-med. Gesell. zu Wiirzburg vin, Sitzungsber. 1874, and

Festschrift zum Jubilaum d. Universitat Wiirzburg 1882
GIACOMINI : / cervelli del microcephali Turin 1890, and A. ital. de biol. xv
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Psych, x 1880
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VIRCHOW : Gesamm. Abhandl. 1856
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ART. 109] PARTIAL AGENESIS 898

109. Partial agenesis of the cerebrum, like hypoplasia, is
most commonly met with in the region of the cerebral hemi-
spheres ; it may also extend to the deeper portions, and in partic-
ular to the commissures. When parts of the cerebrum are not
properly developed, the resulting local defects are bridged over by
the internal meninges (Fig. 224///). The lacunae are then filled

up by the accumulation of liquid in the subarachnoid spaces and
in the meshes of the pia mater. At times an equivalent enlarge-
ment of the adjoining ventricle, or an accumulation of liquid in
the subdural space, takes place.

FIG. 224. FRONTAL SECTION THROUGH THE BRAIN OF A DEAF-MUTE WITH BILATERAL
HYPOPLASIA AND PARTIAL AGENESIS OF THE TKMPOKAL LOBES AND THE CORTKX
OF THE INSULA.

( Three-fourths of the natural size)

a b cerebral hemispheres
c upper portion of the left temporal lobe
l e left and right lenticular nucleus on the

outer surface of which the claustrum
and cortex of the iusula are wanting

cysts formed by the internal nie-

left syl vian fissure

right'sylviau fissure

The size of the several defects varies greatly in different cases :

indeed all intermediate stages between total anencephalia (as in

acrania) and small circumscribed lacunae in a single convolution

(Fig. 225 a) are met with.

Among the deeper and basal parts those most liable to be

wanting are the corpus callosum, the fornix, the grey commissure
of the third ventricle, and the corpora mammillaria. When the

corpus callosum is absent the gyrus fornicatus and the gyrus
hippocampi are usually undeveloped, and some of the remaining
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gyri are often irregularly formed. More extensive defects involv-

ing the motor cortical area are generally accompanied by imper-
fections of the pyramidal tracts.

The causes of partial agenesis are often incapable of being

certainly determined : we may assume, however, that in some
instances the condition has its origin in primary anomalies of

development inherent in the primitive rudiment of the brain ; in

other cases it arises from secondary morbid influences such as

traumatism, inflammation, and disorders of circulation. In some
instances agenesis seems to depend on the morbidly-perverted

configuration of fissures or sulci ; and it is probable that certain

of the peculiar defects in the cerebral hemispheres comprehended
under the term porencephalia are of this nature.

FIG. 225. AGENESIS OF ISOLATED PORTIONS OF THE CEREBRAL CONVOLUTIONS.

(From a woman who died of progressive paralysis : one-half the natural size)

a cavernous depressions

The typical form of this malformation consists of fissure-like or

funnel-shaped depressions of the cortex (Fig. 226 a a and Fig.
227 a a). They are usually found either in the central and parie-
tal lobes, or about their borders, and are distinguishable by the

fact that the affected gyri are not destroyed, but only interrupted

by a deep cleft, up to the edges of which they are well developed.
In some instances they appear to start from the cleft and group
themselves about it.

Externally these defects are bridged over by the arachnoid

(Fig. 226 b and Fig. 227 6), while the pia mater (<?) clings* to and
follows the gyri even to the deepest parts of the depression.
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Deeper clefts sometimes reach to the epemlyma of the ventricles

(Fig. 226 c?), or even communicate with their cavities, so that

when the pia mater is removed the outer aspect of the basal

ganglia is laid bare at the bottom of the hollow (Fig. 226 e).
As the normal fissures are due to infoldings of the cerebral

vesicle while it is still thin-walled, and the minor sulci arise from

FlG. 220. PORENCEPHALIC LEFT HEMISPHERIC OK A CHILD OK TEN WEEKS.

(Natural size)

a large cleft-like depression d roof of the lateral ventricle laid open,
6 cut edge of the arachnoid and thrown outwards
c pia mater optic thalanius

FlQ. 227. PORRNCRPHALIC RIGHT HRMI8PHRRR OF A CHILD OF TEN WKRKS.

(Natural size)

a large cleft-like depression 6 cut edge of the arachnoid c pia mater
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the unequal growth of particular portions of the developing hemi-

spheres, we may fairly assume that pathological infoldings during
the second and third months of embryonic life, or irregularities in

the growth of the brain in the later months (perhaps occasioned

by morbid accumulation of liquid in the subarachnoid spaces) are

the efficient causes of pathological fissures and clefts and of

abnormally deep cortical sulci. It is, however, to be observed
that very similar fissures and funnel-like depressions sometimes
arise from partial destruction of the cortical and medullary brain-

substance ; and we might describe these as a second and atypical

variety of porencephalic defect, of intra-uterine origin but distin-

guishable from true porencephalia. The term pseudo-poren-
cephalia would serve to indicate the distinction.

Porencephalia (or porencephalus) is used by different writers in different

senses. Some would limit it to congenital defects of the brain
;
others would

extend it to acquired defects. Some, again, apply it only to local and circum-
scribed depressions, while .others do not hesitate to describe absence of an
entire hemisphere as porencephalus. It is advisable to use the term only for

certain definite varieties of congenital defect of substance, or at least to give
some indication of the meaning attached to it in any given case.

References on Defects of the Brain, Porencephalia, and Absence

of the Corpus Callosum (see also Art. 108)
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102 1885
CHIARI : Jahrb.f. Kinderheilk. xv Leipzig 1882
DE LA CROIX : Porencephalia V. A. 97 1884
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HESCHL : Prager Vierteljahrsschr. 1859, 1861, 1868; Jahrb.f. Kinderheilk. XV
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HEYDEXREICH : Hemiacrania ; trilobate encephalon V. A. 100 1885
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JELGERSMA: Absence of corpus callosum Biolog. Centralbl. ix 1890
JOLLY : Absence of corpus callosum Z. f. rationale Med. xxxiv 1869
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ONUFROWICZ: Absence of corpus callosum in the brain of a microcephalic

patient (Hofmann) A.f. Psych, xvni 1887
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RIBBERT: Origin of anencephalia I'. A. 93 1883
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Ross : Porencephalus B. M. J. i 1882
SANDER: Absence of corpus callosum A.f. Psych. 1 1868
SCHATTENBERG : Porencephalia in an adult Ziegler's Beitrage v 1889
SCHULE : Case of arrested development Z.f. Psych. 26 1869
SIGMUNDT: Porencephalia Innng. Dm. Strassburg 1893 (with references)
SPERLING: Porencephalia T'. A'. 91 1883
ZUCKKRKANDL: Med. Jahrb. d. Gesellsch. d. Aerzte Vienna 1883
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110. When the bulk of the brain is too small relatively to the
cranial cavity, the space not occupied by the brain and membranes
is filled up with cerebrospinal liquid, and the result is hydro-
cephalic micrencephalia, or hydrocephalic partial anencephalia.
The morbid accumulation of liquid takes place either in the
ventricles or in the subarachnoid spaces, and accordingly we have
the two forms internal hydrocephalus or ventricular dropsy, and
external or meuingeal hydrocephalus.

i

Fio. 228. CONGENITAL VENTRICULAR AND MENINUBAL HYDROCEPHALCS.

(Frontal section of the cranial cavity of a synophthalmous microntomotu foetus viewed
from behind: four-Jifths of the natural size)

a skin and subcutaneous tissue
b cranial vault
c dura mater
d i i-i HI >r in in

e arachnoid membrane
/ posterior surface of the cerebrum, re-

duced to a thin-walled vesicle and
covered with the pia mater

g rounded border of the cerebral vesicle

subarachnoid space behind the cerebral
vesicle

cavity of the cerebral vesicle communi-
cating with the subarachnoid space
by the enlarged transverse fissure

section through the corpora quadri-
gemina

section through the cerebellum
atlas

The accumulation of liquid is in many cases simply complemen-
tary, an effusion ex vacua, and appears in the vicinity of the local

defects ; sometimes therefore the subarachnoid spaces (Fig. 226 6,

Fig. 225 a, and Fig. 224 /#), and sometimes these together with

portions of the ventricles (Fig. 222 rf), are the seat of the hydro-

cephalic accumulation. But the morbid outpouring of liquid is

undoubtedly in certain cases primary, though in many instances

it is impossible to decide whether the disturbance of normal
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development or the accumulation of liquid was the initial mani-

festation.

When the ventricular dropsy in a case of congenital malforma-

tion of the brain is a prominent and characteristic feature, the

condition is usually known as congenital internal or ventricular

hydrocephalus. If, in addition, the volume of the brain is abnor-

mally small, the case may be regarded as an example of hydro-

cephalic micrencephalia.
Internal hydrocephalus is in many cases due to some disorder

of development dating from early embryonic life, the cerebrum at

birth having the appearance of a thin-walled vesicle (Fig. 228 z),

which either fills the cranial cavity or is covered externally by a

layer of liquid lying within the subarachnoid spaces (A). Such
extreme disturbances of development are observed chiefly in

infants whose heads are externally malformed, for instance in

cases of cyclopia or synophthalmia (Fig. 228).
If the morbid accumulation of liquid takes place at a later

period, when the brain is already developed, the general config-
uration of the cerebrum is undisturbed, and the chief feature of

the affection is the dilatation of the ventricles (Fig. 229 a b c).

The dilatation is sometimes bilateral and symmetrical, sometimes

unsymmetrical (c), and sometimes unilateral.

At birth the enlargement is at times but slight, or it may
be already considerable, so that the circumference of the cranial

portion of the head more or less notably exceeds the normal meas-
urement. After birth the accumulation of liquid is liable to pro-

gressive increase, the ventricles becoming enormously distended.

The size of the cranium increases more and more, and the over-

lying skin becomes thin, the subcutaneous veins showing clearly

through it. The several cranial bones are visibly separated from
one another, and even when their normal rate of growth is in-

creased they are unable to keep pace with the rapid expansion of

the cranial contents. The fontanelles are thus widened, and the

sutural edges of the bones are forced more and more asunder.

Usually small supernumerary bones are developed in the mem-
branous sutures and in the fontanelles (Fig. 132).

When at length death ensues, the dura mater, pia mater, and
arachnoid are stretched to the utmost, the gyri are depressed and
flattened out, and the sulci are effaced. The cerebral substance
of the hemispheres surrounding the ventricles, which are expanded
into large vesicular cavities, is reduced to a mere thin-walled cap-
sule, which on the convexity is often but a few millimetres in

thickness.

The liquid in the ventricles is clear and pale or light-yellow ;

the ependyma, apart from its distension, is unchanged ; the basal

ganglia are flattened out. The fourth ventricle and the cerebellum
are usually unaltered, though the former is sometimes enlarged.

The condition described is that met with in many cases: in
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others the lateral ventricles are less distended, or the dilatation

is limited to one ventricle, or even to a part of one. One lateral

ventricle, for example, may be so stretched that its roof consists

merely of a thin membrane, while the other ventricle remains
undistended. In like manner the fourth ventricle is sometimes
alone dilated. In these cases the cranial cavity is usually not

enlarged, the space for the expansion of the ventricle being gained

by atrophic contraction of the rest of the brain.

Hydrocephalus of extreme degree leads to a fatal issue ; in

less marked cases the. patient sometimes continues to live

FIG. 229. FRONTAL SECTION THROUGH THK BRAIN OF A HYDROCKPHALIC IDIOT.

(Reduced to two-thirds of the naturtil size)

a b dilated lateral ventricle c dilated descending cornu on the right side

(Fig. 229). If the hydrocephalus is at all considerable, the brain

becomes in part atrophic, the compressed portions becoming

wasted, and the nerve-cells and nerve-fibres undergoing atrophy

and calcification.

When the fourth ventricle is moderately distended, the cere-

bellum, the pons, and the medulla oblongata, or portions of these,

are apt to remain ill-developed.
If the hydrocephalus is only slight, and does not increase after

birth, the after-development of the brain in some instances pro-

ceeds in a normal way.
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The cause of congenital internal hydrocephalus is still obscure.

There are often no traces of changes capable of being regarded as

inflammatory, nor as a rule can any obstruction to the outflow of

venous blood be made out with certainty. Nevertheless, in par-
ticular cases the meninges or the choroid plexuses exhibit thick-

enings that are referable to past inflammation. A less doubtful

sign of inflammation is turbidity of the ventricular contents, due
to the presence of pus-corpuscles. It is possible that the affec-

tion in many instances depends on closure of the communications
between the cavities of the ventricles and the subarachnoid spaces
in the transverse fissure. These have appeared to be closed in

some at least of the cases that have been described. As the

lining pia mater of the transverse fissure in such cases is apt to

be abnormally dense, perhaps the circulation in the veins of Galen
is also obstructed.

When the cranial cavity is not enlarged and the convolutions

not flattened by pressure, while the ventricles are dilated, it seems
natural to assume that the dilatation is due to agenesis or aplasia
of the brain, and that the accumulation of liquid serves to fill up
the unoccupied space (hydrops ex vacua').

In unilateral hydrocephalus the foramen of Monro has in

certain cases been found to be closed. When portions only of a

ventricle are dilated and cystic, the neighbouring portions of the

cavity are often obliterated, the cyst being thus shut in on all

sides.

References on Congenital Hydroce.pTialus.

BAUER : Jahrb. f. Kinderheilk. new series xi Leipzig 1878
BILLROTH : Langenbeck's Arch, in 1862
BUTTENWIESER: D. A.f. klin. Med. x 1872
VON GUNZ : Jahrb. f. Kinderheilk. v Vienna 1862
HAXEL: Jahrb. f. Kinderheilk. new series i Leipzig 1868
HARRIS : Trans. Obstetric. Soc. vi London 1864
HEUBNER: Art. Hydrocephalus Enlenburg's Realencyklop.
ROLLER and SCHMIDT : Jahrb. f. Kinderheilk. vi Vienna 1863
MAENNEL : Jahrb. f. Pddiatrik 1876
PAPP and NEUPAUER : Jahrb. f. Kinderheilk. new series vn Leipzig 1874
STEFFEN: GerhardCs Handb. d. Kinderkrankh. v
SZYMANOWSKY: Langenbeck's Arch, vi

VIRCHOW, H. : Congenital hydrocephalus and microcephalus Kolliker's Fest-

schrift 1887
VIRCHOW, R. : Gesamm. Abhandlungen Frankfort 1856; Die krankhaften Ge-

schwulste i

WEST : Jahrb. f. Kinderheilk. new series ix Leipzig 1876

111. Pathological anomalies in the minute histological
structure of the brain may naturally be assumed to exist, first

of all, in cases that exhibit to the naked eye evidence of imperfect

development, such as general or local hypoplasia or local agenesis.
Thus in hypoplasia of the cerebellum (Fig. 230) the several layers



ABT. Ill] HETEKOTOPIA 401

of the cortex (a b c <f) in the attenuated gyri are either imper-
fectly formed

(<Zj
c

t) or absent, and the diminution of bulk is due
to scantiness of the characteristic cells and cell-processes. Spe-
cial forms, like the cells of Purkinje, may be entirely wanting.
The like is true of ill-developed portions of the cerebrum. When
some of the ganglion-cells of the cortex are not developed, the

corresponding nerve-processes in the white matter are of course
absent also.

A second variety of morbid histological structure is exempli-
fied in cases of heterotopia of the grey matter. This malfor-
mation is characterised by the presence of grey nodules or streaks
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FIG. 230. HYPOPLASIA OF THK CORTEX OF THB CKRRBKLLDM.

(From a man aged 25, cAo died in an epileptic attack: preparation hardened in
I/tiller'sfluid and alcohol, stained with haematoxylin and carmine, and mounted in
Canada balxam : X 25)X25)

A normal gyrus
B atrophic gyr'ns
a normal external layer
a 1 atrophic external layer
b normal intermediate layer

e normal granular layer
Cj atrophio granular layer
d cells of Purkinje'
e medullary substance

in the white matter of the cerebrum or cerebellum, due to the

development in these parts of tissue rich in nerve-cells but poor
in medullated fibres. Another variety of abnormal structural

development is shown in morbid variations of the texture of the

neuroglia, sometimes with anomalous nerve-cells and nerve-fibres,

giving rise either to induration or to the formation of grey sclerotic

patches (Art. 96) or gliomatous tumours (Art. 121).

Hypertrophy of the brain, manitVsted by the abnormal size

2D
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of the organ, sometimes takes place during the growing stage in

early life. Cases are recorded in which the brain weighed as much
as 2200 grammes (brain of BYRON, 1807 grammes; of CUVIER,
1861 grammes; of TURGENIEFF, 2012 grammes; of CROMWELL,
2000 grammes). Great brain-weight may be associated with high
intellectual gifts, but the opposite is also true. Moreover, a brain

whose size and weight are below the average may be associated

with great mental capacity.

All the malformations of the brain described in Arts. 108-111, when they
are not incompatible with life, and development follows in other respects a nor-

mal course, are apt to be associated with more or less important disturbance
of the cerebral functions. In extreme malformation mental development is

arrested, and the condition known as idiocy results. It is impossible, how-

ever, to assign any particular malformation as the invariable anatomical basis

of idiocy: there is no such thing as an idiotic brain. In idiocy, indeed, we
may have imperfect development of the entire cortex, hydrocephalic enlarge-
ment of the ventricles, or local defect or hypoplasia such as smallness of the

occipital lobe, microgyria, and the like. In other cases the brain in idiocy
exhibits what are apparently but slight and insignificant malformations, such
as heterotopia of the grey matter of the cortex, absence or smallness of the

corpora mammillaria, corpus callosum, fornix, thalamus, optic nerves, corpus
striatum, pineal gland, or olivary bodies, irregularity and imperfection of the

gyri, asymmetry of the hemispheres, defective development or absence of asso-

ciative fibres, and so on. There are cases also in which, so far as we are able

to perceive, the anatomical relations of the brain are altogether normal. In
others again idiocy is associated with hypertrophy of the brain due to increase
of the neuroglia. Lastly, ischaemic and inflammatory processes of destruction

affecting the cerebral cortex sometimes induce idiocy. On the other hand,
malformations such as those just described, or even still greater defects, may
exist in the brain, though during life there is nothing whatever to indicate
their presence.

In cretinism, as in sporadic idiocy, no special and characteristic defect of

the brain can be demonstrated.
BENKDIKT has for some years maintained that in habitual criminals

certain peculiarities of configuration constantly recur in the cerebral surface,
and infers that such criminals represent an anthropological variety of the
human race. Their brains are said to resemble in some points those of lower

animals, and are characterised by a tendency of the sulci to run into one another,
so that they are continuous at points where in normal brains they would be inter-

rupted. This hypothesis is, however, untenable. Apart from the fact that it is

impossible to settle the exact definition of the term criminal, investigation has
shown that such deviations from the normal type occur in the brains of persons
who have never made themselves liable to penal proceedings.

The like holds good for the anomalies and malformations of the brain
which are found in persons afflicted with mental diseases, epilepsy, etc. None
of these abnormalities are characteristic of any particular morbid- condition,
and they are met with in the brains of persons whose cerebral functions were
normal. All that we can say is that malformations of the brain, both serious

and trifling, are more frequent in persons whose mental activities are in some

degree aberrant than in those whose minds are normal. Thus heterotopia of

the grey matter has been met with chiefly in lunatics, idiots, and epileptics;
while in cases of progressive paralytic dementia it is not uncommon to find

malformation of the brain in addition to the cortical changes characteristic of

the disease.

Defects of substance in parts which we know by experience to be the seats

of the centres for certain special functions, or which are traversed by certain
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conducting tracts, may lead not only to imperfect mental development, but al*o
to local disorders of the motor or sensory functions, including those of the
special senses.

References on Heterotopia and Hyperplasia of the Grey Matter.

GEI.MO: Jahrh. f. Kimlerheilk. iv Vienna 1861
MATKLL: Heterotopia of grey matter A.f. Psych, xxv 1893 (with references)
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38 1867
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1880
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CHAPTER XXXVIII

DISORDERS OF THE CEREBRAL CIRCULATION

112. The quantity of blood contained in the brain and its

membranes is subject to very considerable physiological vari-

ations. It is greater during periods of increased mental activity
than during intervals of rest.

Increased afflux of blood to a particular vascular region causes

an efflux of the circumvascular lymph, and of the cerebro-spinal

liquid from the subarachnoid spaces and the ventricles, into other

parts. When the hyperaemia is general, space is found for

the excess of blood by the efflux of cerebro-spinal liquid into

the lymph-vessels of the head, neck, and trunk, and into the

venous sinuses of the dura mater.

Morbid congestive hyperaemia of the brain is occasioned

when the activity of the heart is abnormally increased, or when
the resistance to dilatation of the afferent arteries or of the ar-

terioles of the meninges and the brain-substance is diminished.

In the latter case the hyperaemia may remain local.

General passive hyperaemia or venous engorgement takes

place when the return of the blood from the cranial cavity and
the spinal canal is checked, as it is for instance in certain diseases

of the heart and lungs. Moreover, paralytic dilatation of the

cerebral arteries, by increasing the intra-cranial pressure, some-
times leads to obstruction of the venous circulation, or intensi-

fies this condition if it already exists (GEIGEL, GRASHEY).
Local engorgement is generally due to intra-cranial vascular

thrombosis, or to tumours and exudations pressing upon and

obstructing the veins.

The signs of hyperaemia are most apparent in the meninges,
whose vessels are more or less tensely distended with blood, and

owing to the transparency of the internal membranes (pia mater
and arachnoid) can be followed to their minutest ramifications.

It must however be kept in mind that the post-mortem appearances
are far from representing precisely the conditions that prevailed

during life, for as soon as death takes place the blood is in a

measure free to pass out of the cranial cavity, while that which
remains tends to sink to the parts that are most dependent.

Hyperaemia of the white matter is recognisable after death only
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by the distension of the smaller veins, which on section allow
their contents to exude as drops of blood of various sizes. Diffuse

reddening of the tissue from dilatation of the capillaries is very
uncommon after simple hyperaemia, owing to the fact that the

coagulation or post-mortem rigidity of the white matter squeezes
most of their contents out of the capillaries, while the opacity
of the tissue prevents the red tint from shining through.

In the grey matter both the minuter venules and the capil-
laries may remain filled with blood, the latter by their distension

giving rise to a diffuse or mottled reddening of the tissue.

Anaemia of the brain is manifested by the comparative
emptiness of the arterioles and veins of the pia-arachnoid mem-
branes, and by the paleness of the grey matter. The white matter
on section shows few or no drops of blood on its surface.

Cerebral anaemia may be merely one result of general anaemia,
or it may be due to morbid congestion of other organs or parts of

the body (collateral anaemia). In some cases again it results

from narrowing of the afferent arteries owing to spasmodic con-

traction or thickening of the arterial walls, or from changes
within the cranium that interfere with the influx of blood. Such

changes as diminish the available space within the cranial cavity
act in the last mentioned way, namely subarachnoid effusion,

dropsy of the ventricles, tumours, extravasations of blood in the

subdural space or in the brain, and the like.

If a still greater exudation of liquid from the vessels takes

place, either in consequence of vaso-motor disturbances or owing
to changes in the vascular walls, and if the excess is not removed

by a correspondingly increased efflux of lymph, oedema of the

brain is induced. This condition is characterised rhiefly by
abnormal moistness and lustre of the tissue on section, the cut

surface allowing liquid to escape, chiefly from the enlarged adven-

titial lymph-spaces surrounding the vessels.

General passive oedema arises from failure of the heart's

functional activity or from interference with the circulation in

the lungs, as well as from thrombosis of the sinuses of the dura

mater. Local passive oedema is very common in the tissue

adjacent to tumours, haemorrhagic patches, thrombosed veins,

and so on.

Oedema from auto-intoxication (uraemia) arises chiefly in

connexion with nephritis.

, Inflammatory oedema involving the entire brain is usually
a result of general infection : when it involves only a limited

portion of the brain, it is often an accompaniment or a conse-

quence of local inflammation, softening, haemorrhage, or tumour.

According to certain authorities, excessive congestive hyperaemia
of the brain, by increasing the intra-cranial pressure and so com-

pressing the veins, is capable of giving rise to cerebral oedema,

especially in children.
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Engorgement or inflammation involving the ventricular

plexuses sometimes leads to the accumulation of liquid in the

cerebral ventricles, a condition described as acquired hydro-
cephalus (Jiydrops ventriculorum). Like congenital hydrocepha-
lus it is associated with dilatation of the ventricles concerned.

When acute it is usually the consequence of inflammatory pro-
cesses : the chronic form on the other hand is generally due
to venous engorgement, and is often induced by tumours that

impede the outflow of venous blood from the ventricles.

Both the acute and the chronic forms are oftenest met with in

the lateral ventricles, but dilatation of the fourth ventricle due to

accumulation of liquid within it is by no means rare.

Dropsy of the ventricles, whether from engorgement or from

inflammation, induces a certain amount of compression of the brain-

substance, and this naturally leads to flattening of the convolu-

tions over the affected part. When the hydrocephalus is extreme
the convolutions are apt to be altogether effaced, while the sub-

arachnoid liquid is driven away; the surface of the meninges ac-

cordingly appears dry, and the sulci almost cease to be traceable.

The pial vessels are often emptied by the compression, so that

only a few of those lying in the sulci contain any blood.

Dilatation of the ventricles may also arise from diminution of

the mass of the brain-substance ; the contents of the ventricles

increase as the volume of the brain decreases, and occupy the

space left free by the shrinkage (hydrops ex vacuo). In this

form of ventricular dropsy the convolutions are not flattened.

References on the Intra-cranial Circulation and its Disturbances.

ACKERMANN: Effects of suffocation on the quantity of cerebral blood V- A. 15

1858
ALTHANN : Physiologic und Patholof/ie rler Circulation Dorpat 1871
BERGMANN : Cerebral injuries Deutsche Chirurgie part 30 Stuttgart 1880 ;

Cerebral pressure A.f. klin. Chir. xxxn 1885
DEAN : Cerebro-spinal pressure Journ. of Path, i 1892
FALKENHEIM and NAUNYN : Cerebral pressure A.f. exp. Path, xxn 1886
GEIGEL : Die Mechanik der Blutversorgung des Gehirns Stuttgart 1890; Cere-

bral circulation V. A. 121 1890
GRASHEY : Blutcirculation in der Schiidel- u. Ruckgratshohle Munich 1892
JOLLY, F. : Gehirndruck und Blutbewegung im Schiidel Wiirzburg 1871
LEWY: Cerebral circulation V. A. 122 1890
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CHAPTER XXXIX

ATROPHY OF THE BRAIN

113. General atrophy of the brain, or at least of a consider-
able portion of it, is not uncommon as an accompaniment of
advanced old age, and is now and then so marked that the bulk
of the brain is very greatly reduced, the gyri are notably attenuated,
and the sulci are widened. The reduction of bulk is due to

wasting of the nerve-substance, affecting the medullated nerve-
fibres as well as the ganglion-cells, and the cortex as well as the
white matter.

In less-marked atrophy the brain-substance appears to the
naked eye unchanged; while in extreme atrophy the adventitial

lymph-channels are sometimes dilated, so that the vessels appear to
lie loose within empty sheaths. Very small patches of softening are
often formed at the same time in scattered spots (Art. 114), giving
rise to a sieve-like appearance of the brain that has been called
the 6tat cribl and compared to that of Gruyere cheese. The
space left vacant by the shrinkage of the brain is usually tilled

in part by liquid accumulated in the subarachnoid space, in part
also by dropsical distension of the ventricles. The senile form of

atrophy of the brain is partly active, partly passive; in other
words it is due both to gradual destruction of the ganglion-cells
and nerve-fibres, and to lowering of their nutrition. The latter

factor probably always plays an important part in well-marked

atrophy, and depends not only on the general senile failure of

nutrition, but also on local impairment of the circulation caused

by narrowing of the vessels (Art. 114).

Atrophy in earlier periods of life, in manhood or in youth, is

no doubt for the most part attributable to disorders of nutrition :

it must however be kept in mind that heredity has an important
shjjre in the causation of these conditions.

Premature degeneration and atrophy of the nerve-fibres and

ganglion-cells of the brain are most frequently observed in the dis-

ease known as progressive general paralysis, or paralytic de-

mentia, a disease characterised by gradual failure of intelligence,
emotional instability, and insane delusions. The causes assigned
for this affection are inherited psychopathic predisposition, and
noxious influences of an acquired kind, such as excessive mental
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exertion, intense emotional disturbance, alcoholism, certain infec-

tive diseases like syphilis, and traumatic injury. Premature cere-

bral atrophy is also met with in some cases of tabes (JENDRASSIK),
in epilepsy of long duration (ZACHER), in ordinary insanity, in

sun-stroke (CRAMER), in poisoning from carbonic oxide gas, etc.

According to the investigations of TUCZEK, ZACHER, FRIED-

MANN, and others, both the medullated nerve-fibres of the cortex and
white matter, and to a less extent the ganglion-cells of the cortex

^W^l^wy&fflttCV'A r'o vl

FIG. 231. ATROPHY OF THE CEREBRAL CORTEX IN PROGRESSIVE PARALYTIC DE-
MENTIA.

(Preparation hardened in Muller's fluid and alcohol, stained with ahim-carmine and
ammonium carminate, and mounted in Canada balsam : X 150)

a arachnoid
b subarachnoid tissue
c pia mater
d superficial layer of slender fibres

e layer with few cells in the external

principal stratum : the ganglion-cells
have disappeared in this layer and
numerous stellate groups of lustrous
fibres are visible in it

/ layer with many cells : within this layer
the ganglion-cells at g have disap-

peared and the tissue is reduced to a
fine reticulum

h cellular infiltration of the pia mater
i unaltered blood-vessels

ii pial sheath of blood-vessel infiltrated

with round-cells
J2 pial sheath of blood-vessel containing

round-cells and pigment
k ganglion-cells of the cellular-layer
m neuroglia-cells
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(Fig. 231 /#), are liable to disappear in progressive paralysis;
these two sets of atrophic changes may be so considerable in
amount that the brain loses greatly in bulk, the gyri Incoming
attenuated and the sulci widened. In the spinal cord the pyra-
midal tracts and posterior columns occasionally undergo degener-
ative changes.

In extreme atrophy (Fig. 231) the number of ganglion-cells is

diminished, both in the superficial layer, which normally contains
but few cells (e), and in the underlying stratum which abounds
in closely-set pyramidal cells (/); in some parts indeed the cells

are entirely absent (</), so that when a section is mounted in

Canada balsam its tissue appears discontinuous and perforated.
The weight of an atrophic brain may be less than 1000 grammes.

The atrophy of the nerve-elements in progressive general par-

alysis is not distributed in any regular way ; it may affect different

elements within a single convolution. The frontal lobe, the gyms
fornicatus, and the island of Keil are apt to be specially affected.

In tabes the lower and posterior portions of the brain appear to

be liable to atrophy in spots (JENDRA8SIK). The ganglion-cells
are said by various authorities to perish by simple atrophy, by
pigmentary and hyaline degeneration and sclerosis, by vacuolar

degeneration, by dropsical swelling, etc. Many of the changes
described are doubtless caused by the methods employed in hard-

ening the brain under investigation. It is probable that simple

atrophy and fatty degeneration (Fig. 233) are the most common

changes ; at any rate fatty degeneration may often by suitable

methods be demonstrated over a considerable extent of the brain.

Of changes accompanying the disappearance of the nerve-

elements we may note accumulations of leucocytes (Fig. 231 t.),

as well as of red blood-corpuscles and yellow pigment-granules

(t' 2), within the adventitial lymph-sheaths of the cortical vessels,

and sometimes in those of the white matter of the brain and cord ;

together with similar cellular Infiltrations in the pia mater (? A),

some surrounding the vessels, and others more widely diffused.

These infiltrations are in many cases so abundant and so extensive

that they form the most striking of all the morbid appearances in

this affection, and they have accordingly led to the entire process

being described as a chronic meningo-encephalitis. It must how-

ever be remembered that the symptoms of progressive paralysis

may exist in a given case without any meningitis that can be dis-

covered post mortem. Moreover cases of marked degeneration of

the nerve-elements, accompanied by very insignificant infiltration,

suggest that the inflammation (if present at all) is either a second-

ary result or a mere accidental concomitant of the degeneration,
and that the essential feature of the affection consists in the degen-
erative processes. The efficient causes of the degeneration are, as

we have said, probably different in different cases.

Other morbid changes to be mentioned are proliferation and
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hyaline or fatty degeneration of the vessel-walls, and overgrowth
of the supporting reticular tissue, the latter often standing out

prominently in the form of a peculiar network (e). This is no
doubt due to the fact that the neuroglia is rendered more dis-

tinctly visible by the destruction of the nerve-elements ; but in

certain cases there appears also to be some proliferation of the

neuroglia-cells. The statement repeatedly made, that the gan-

glion-cells likewise undergo proliferation, is erroneous.

In atrophy of the cerebrum the cerebellum, is usually not per-

ceptibly wasted ; cases have however come under anatomical ex-

amination in which the entire mass of the cerebellum, or one of

its lobes, or it may be the vermis or some part of it, is more or less

notably diminished in size. The whole cerebellum may indeed

be reduced to about the size of a walnut. The slighter degrees of

attenuation may be due to atrophy of certain cells and fibres.

Where the diminution is very marked it is probably referable to

hypoplasia or imperfect development of the cerebellum (Arts.
108 and 111, Fig. 230).
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CHAPTER XL

LOCAL DEGENERATIONS AND INFLAMMATIONS OF THE
BRAIN

114. Local degenerations of the brain are usually the result

of local anaemia or of haemorrhage ; they may however be due to

other disturbances of the circulation, to traumatic injury, to in-

flammation, or to compression. The nerve-tracts of the brain

undergo degeneration also when the corresponding centres are

destroyed. For example, after destruction of the psycho-motor
centres of the cerebral cortex the pyramidal tracts passing down
to the cord degenerate ; according to HOSCH and VON MONAKOW,
descending atrophy of the optic tract follows destruction of the

optic centres. When the nerves proceeding from the cerebral axis

are excised in early life, or their terminal organs are destroyed
or removed (GUDDEN), atrophy takes place in the corresponding

FIG. 232. DEGENERATE AND DISINTEGRATING NERVE-CELLS AND NERVE-FIBRES.

(From the cerebral cortex in the neighbourhood of a focus of traumatic encephalitis of
eight days' duration: preparation macerated in Muller's fluid and afterwards
teased out : X 300)

hyaline ganglion-cells with
nd partially disintegrated

swollen and
swollen and

processes
pale denucleated ganglion-cells break-

ing up into segments and with irregu-
larly crenate contours

03 ganglion-cells filled with droplets of

fat
6 swollen axis-cylinders breaking into

segments and undergoing granular
degeneration

c normal ganglion-cell



ART. 114] GANGLION-CELLS 413

.

^*-

FIG. 233. FATTY DEGKNKRATIOV or THE
OANGLION-CELLS AKD THE BLOOD-
VESSKL8.

(Preparation from the neighbourhood of
a focus of ixchaemic degeneration in
the corpus striatum : fixed in Flem-
ming's acid folution, and stained icit/i

saffraiiin : X 500)

a ground-substance
b normal ganglion-oells
c fatty ganglion-cells
d blood-vessel with fatty wall

sensory or motor nuclei (Art. 90). After the loss of an eye the

corresponding optic nerve atrophies in the human subject, and
after some time this is followed by atrophy of the fibres of the

optic tract belonging to the af-

fected nerve : it is moreover
stated that after blindness of

many years' duration atrophy
of the cortex of the occipital
lobes takes place.

Local inflammations of the
brain are in some cases haema-

togenous, in others of traumatic

origin, and in others again they
result from infection and in-

flammation of the meningeal
and cranial envelopes.

In acute destruction of
the ganglion-cells, such as is

apt to occur in the neighbour-
hood of inflammatory lesions,

as well as after contusion and
in anaemic and haemorrhagic
softening, the cells (Fig. 232 c)
often swell up (a) and become

pale and hyaline; their processes also undergo swelling and hya-
line degeneration. . At times vacuolation takes place, the nuclei

usually becoming swollen at the same time. After a short in-

terval cleavage and disintegration of the cells make their appear-
ance (04), and the nuclei break down and dissolve.

Along with the swelling and

fragmentary disintegration, fatty

degeneration (a2) of the ganglion-
cells sometimes sets in. It is gen-
erally met with in conditions in

which chronic or frequently-repeated
interference with the circulation has

led to impaired nutrition of the

ganglion-cells (Fig. 233).
When the ganglion-cells die from

any cause, such as inflammation,

anaemia, or concussion, and are not

at once broken up and dissolved,

they sometimes undergo calcifica-

tion, and appear thickly studded
with particles and rounded grains

of lime. FRIEDLANDER met with calcified ganglion-cells in the

brain as early as thirteen days after a traumatic injury. In

chronic diseases the ganglion-cells occasionally assume a peculiar

FIG. 234. CALCIFIKD GANGLION-
CELLS AND NEBVE-FIBRKS.

(From the brain of an idiot, with

partial unilateral paresis and
dropsy of one lateral ventricle:

X500)
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homogeneous wax-like condition, a change which has by some
been described as sclerosis.

When nerve-fibres perish the myelin usually coagulates in

drops (Art. 91, Fig. 185), which fall to pieces and change into

fat-globules ;
the process is thus usually described as fatty de-

generation. The axis-cylinders often become hyaline, swell up,
become varicose, and sooner or later break down completely,

whereupon the detritus dissolves and disappears. The neuroglia-
cells and the vessels within the focus of degeneration soon perish
likewise, or at least undergo degenerative changes, chiefly of a

fatty character ; sometimes however they remain intact, and in

this case they are apt to become proliferous.

FIG. 235. TEASED PREPARATION FROM A DEGENERATING PATCH IN THE BRAIN,
WITH HYPERTROPHIC NEUROGLIA.

(Preparation treated icith perosrnic acid : X 200)

blood-vessel filled with blood g sclerotic tissue
tunica media h round-cells

A x round-cells with scattered droplets of
fat

6
c adventitial lymph-sheath
d unaltered neuroglia-cells
e fatty neuroglia-cells
/ binuclear neuroglia-cells

Aa fat-granule cells

hs pigment-granule cells

It may be taken as the ordinary rule that the products of

disintegration of the degenerate and necrotic tissue are absorbed,
sometimes quickly, sometimes more slowly. Some of the detritus

is dissolved and absorbed at the seat of lesion ; other portions are

taken up as such into the lymph-channels, not in general directly
but after inclusion within carrier-cells. Such cells always make
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their appearance sooner or later in foci of disintegration; they
are either migratory leucocytes from the blood- vessels, or the
progeny of connective-tissue cells, and in virtue of their power of
movement they take up into their substance the products of dis-

integration, and in particular the droplets of fat, and so form fat-
granule cells (Fig. '2:35 h

h^
7/
2 ). So long as any consideraMo

quantity ot detritus remains in the tissue these granule-cells are
never absent, and in the later stages of the process they accumu-
late chiefly in the lymph-channels, more particularly in the ad-
veutitial sheaths of the blood-vessels (Fig. 235 c) ; in this way

FIG. 23(. SECTION FROM THK BORDER OF A PATVH or SOFTENING IN THE BRAIN
(RM EPHALOMALACIA).

(Preparation hardened in Mailer's fluid, stained icith haematozylin and carmine, and
mounted in Canada balsam : x U50)

A normal brain-substance
J! degenerate brain-substance
a nerve-fibres of different thicknesses,

cut partly across and partly length-
wise

6 neuroglia-cells within the normal hrain-
tissire

&i iiriirciulia-ci-ll- in the zone of degener-
ation

blood-vessels
bloiNl-vessels with thickened ad veil ti-

tial sheaths
unaltered leucocytes migrated from

the vessels

fat-granule cells deprived of fat by
treatment of the section with alcob'l
and oil of cloves

they remove the products of disintegration, and so bring about their

destruction. If the focus of degeneration contains extravasated

blood, pigment-granule cells are formed in like manner (A8).

When the nerve-elements only are destroyed, while the vessels

and the neuroglia-cells are preserved, the resulting tissue consists

of a network of vessels (Fig. 236 cc^, within which the neuroglia-
cells are more or less uniformly distributed (^). These by their
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interlacing processes form a fine reticulum, whose meshes instead

of nerve-fibres (a) or ganglion-cells contain liquid, with varying
numbers of leucocytes (d) and fat-granule cells (e).

The adventitial sheaths of the vessels within the area of

degeneration (Fig. 236 c^ usually begin to proliferate at an

early stage, and in the course of time elaborate a more or less

abundant and often fairly dense connective tissue, which for long
continues to enclose granule-cells in its meshes.

Sometimes the neuroglia-cells also proliferate, and then a felted

fibrous patch of sclerotic tissue (Fig. 235 g) is formed; but such

patches are usually of slight extent, and in many cases of cerebral

softening they are entirely absent.

So long as a focus of degeneration contains disintegrating

rnyelin and fat-granule cells it appears white and softer than
the parts around it, or looks like a white turbid semi-liquid mass
enclosed in a fine mesh-work. The process is accordingly termed
white softening or degeneration. As the fatty detritus is re-ab-

sorbed, the liquid becomes more and more clear, and if the sur-

rounding tissue does not close in and occupy the space, a cyst
filled with clear or slightly turbid liquid and traversed by a deli-

cate network of vessels is formed in the site of the degenerate

patch. If proliferation of the neuroglia takes place, sclerosis

ensues (Fig. 235 #), while proliferation of the adventitial sheaths

of the blood-vessels leads to the formation of a fibrous cicatrix

(Fig. 239).
In the course of degenerative processes the corpora amylacea

that are normally present in the brain-substance are not infre-

quently to be found in increased numbers within the altered

tissue.

Regeneration of the nerve-elements of the brain does not

appear to take place, at least in man. When ganglion-cells with
their corresponding tracts have once been destroyed, the function

they performed can be restored only by means of vicarious action

on the part of other equivalent tracts and centres.

It is an open question whether in persons whose limbs have been removed
in mature life the corresponding cortical centres become atrophic. SANDER
(Cent. f. med. T^m. 1875), LUYS (Gaz. des hop. 1876), BOURDON (Rech. din.

sur les centres moteurs des memb. Paris 1887, and Bull, de VAcad. de med. xn
1883), and others state that they have observed signs of corresponding cortical

atrophy in cases of amputation ;
but their statements are not quite convincing

inasmuch as the width of the convolutions varies considerably, even in normal
conditions. CHARCOT, FERRIER, and others have sought in vain for unmistak-
able evidence on the point. According to DAVIDA and EDINGER (V. A. 89

1882), in cases of congenital absence or imperfection of the limbs the correspond-

ing cortical centres are defectively developed.
Whenever the tissue of the brain and cord, with their membranes and

lymph-channels, contain granule-cells, we may in general take it as a proof that

disintegration of nerve-elements has somewhere taken place. According to

JASTROWITZ (A.f. Pysch. n), this statement applies only to the case of persons
more than seven months old

;
for from the fifth month of gestation until the
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eighth month after birth the presence of granule-cells in certain part* of the
brain and cord, varying with age, is a normal phenomenon related with the
formation of the medullary sheaths of the nerve-fibres. The phenomenon was
formerly (ViRcilow: Berl. tlin. Woch. No. 40 1883) regarded as pathological,
and the

process
was described as congenital encephalitis. The granule-cells are

either
diffusely

distributed or aggregated in masses, which form opaque white

spots,
and in tne greyish-red semi-translucent brain-substance of the foetus are

visible by the unaided eye.

References on Calcification of Ganglion-cells.

FRIEDLAXDER: Calcification of ganglion-cells V. A. 88 1882
ROTH : Calcification of the cells of I'urkinje V. A. 53 1871
SAXVIOLI : Rivista din. di Buloyna 1878

V

115. The brain is an organ whose blood-vessels are exception-
ally liable to undergo morbid changes. Sclerosis and atheroma
of the vessels occur more frequently here than in most of the other

organs, and indeed the favourite seat of hyaline degeneration is in

the walls of the small arteries and capillaries of the central nervous

system and its membranes. Fatty degeneration and calcifica-

tion of the cerebral vessels are also of very frequent occurrence :

the latter change indeed, in certain rare instances, is so marked
that in sections of the brain the cut vessels project as rigid points
above the surface, while in microscopical preparations the majority
of the capillaries appear in a state of hyaline degeneration and
calcification. Moreover, small embolic fragments, passing from
the heart or ascending aorta into the arterial blood-stream, are

not infrequently conveyed to and lodge in the cerebral arteries.

When a cerebral artery is obstructed or occluded by thickening
of its wall, from sclerosis or hyaline degeneration, or when the

vessel already diseased is occluded by thrombosis or embolism,

the result is ischaemic necrosis of the region it supplies, as the

arteries in the interior of the brain are devoid of anastomotic

branches of any considerable size, and collateral circulation can

be established only with difficulty. The necrosis thus induced

is followed very soon by softening of the brain-substance, or

encephalomalacia.
Sometimes the occlusion of the vessel is unaccompanied by

extravasation of blood from it, in which case the affected region

presents the appearance of white softening. But if, iii conse-

quence of the initial disturbance of circulation, extravasation takes

place from the parts of the vessel that are still accessible to the

blood, but not traversed by it in the normal way, the damaged
tissue assumes a red and later on a yellow or rusty colour, due to

blood and its detritus haematoidin and haemosiderin. This

process is termed red or yellow softening.

The softening of the tissue is apparent even after a few days,

and the histological indications of disintegration described in

Art. 114 are very soon demonstrable, the appearance of myelin-
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drops and of fat-globules and fat-granule cells constituting one

of the early signs that disintegration has begun.
In the course of weeks the liquefaction of the tissue increases,

and the focus of softening presently contains little more than a

liquid rendered milky and turbid by the presence of detritus and

fat-granule cells. As the blood-vessels are usually intact during
this part of the process (Figs. 236 c and 237 6), the liquid is in

general enclosed within the meshes of a fine reticulum formed by
their persistent walls.

FlG. 237. ISCHAEMIC SOFTENING OF THE CEREBRAL CORTEX.

(From the brain of an idiot : preparation hardened in Muller's fluid and alcohol, stained
with haematoxylin and carmine, and mounted in Canada balsam: X 25)

condensed fibrous-looking tissue

groups of cells aggregated in the sub-

pial and subarachnoid spaces
groups of round-cells, fat-granule cells,

and pigment-granule cells within the

region of softening

j;
process of white matter
normal cortex with ganglion-cells
softened cortex
normal pia-arachnoid membranes
thickened pia-arachnoid membranes
cortex undergoing softening and de-
void of ganglion-cells, the neuroglia
being in part intact

portions of the cortex in which the
vascular network is almost all that
remains

d

/ larger blood-vessels

g aggregations of cells in the adventitial

sheaths

After a few months the liquid gradually becomes clearer,

owing to the resorption of the products of disintegration. The

turbidity however in some instances persists for a long time, as

the products of fresh and progressive destruction of the surround-

ing tissue are added to the liquid.
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Usually in the course of months a cavity or cyst is formed,
which on section yields a certain quantity of nightly turbid

liquid, and is traversed by a delicate network that collapses when
the liquid is removed. So far as can be made out with the naked
eye, the network consists essentially of vessels ( Fig. 287 A); where
it seems more compact its meshes are occupied by fine reticular

neuroglia (Figs. 230 b and 237 a).
Induration due to proliferation of the neuroglia sometimes

takes place round the region of softening, but it is usually small
in amount. It is most apt to occur in the case of small foci in

young persons, and when the softening is not caused by arterio-

sclerosis. In many instances, even after months or years, the

neurogliar proliferation is inconsiderable, the foci of softening
being frequently surrounded by a zone of tissue within which the

nerve-elements are still undergoing disintegration, and which

accordingly is more or less densely beset with granule-carrying
cells.

The vessels lying within the region of softening become in

part obliterated. Fibro-celliilar hyperplasia of the advent itial

sheaths takes place, both in the occluded vessels and in those
which remain patent, and this gives rise to thickening and in-

duration of the parts involved.

The size of the region of softening is dependent upon the

extent of the vascular territory that has been rendered anaemic,
and it accordingly varies much in different cases. The smallest

foci of degeneration may entirely escape notice by the unaided

eye, or cause changes recognisable only on careful observation ;

while larger foci sometimes involve entire convolutions, large

parts of the central white matter or of the basal ganglia, or even

an entire lobe of the brain.

In advanced stages the smallest foci appear as minute gaps in

the tissue filled with clear liquid ; in other cases the tissue is rid-

dled with holes or cribriform, looking not unlike a sponge with

slender trabeculae and wide meshes. If destruction of tissue is

limited to the region surrounding a small arterial branch, the space
left vacant by the resorption of the detritus is generally filled up

by an accumulation of liquid within the adventitial lymph-sheath,
so that the vessel lies loosely in a wide lymph-sac, and recalls

the appearance presented in local lymphatic engorgement.

Large numbers of these very small foci of softening lying close

to one another give rise to a condition included under the term

(tat criblS.

The contents of larger foci of softeniiig are seldom quite clear,

as the absorption of the products of disintegration takes place

very slowly, and around the focus the gradual degeneration and

disintegration of the nerve-substance still go on even after the

lapse of months or years.

Large foci of softening (Fig. 238) situated just beneath or
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near the pia mater generally cause the brain-substance there to

collapse, and the space thus vacated is partially filled up by an accu-

mulation of liquid in and under the meshes of the pia mater and
arachnoid. The collapsed portion of the brain, when observed
from the exterior, looks opaque, and is white, yellow, or brown in

tint. When cut into it allows a liquid to escape that is generally

milky, or less frequently pigmented, and loose shreds of tissue,

consisting in great part of isolated vessels (Fig. 237 6), are all

that is left of the pre-existing brain-substance.

The tissue of the internal meninges overlying foci of soften-

ing of some standing is usually hyperplastic (<7j), and its blood-

vessels (/) are often thickened. Cellular infiltration of the

tissue persists so long as the disintegration continues, both within

FIG. 238. ISCHAEMIC SOFTENING OF THE BRAIN.

(Involving the third-frontal, the lowest portion of the anterior-central, and the apex of
the first-temporal convolutions, in a woman who had suffered from amnesic and
ataxic aphasia : one-half the natural size)

the degenerate region and in the overlying membranes. In the
thickened meninges calcareous concretions are often deposited.
A large focus situated in the neighbourhood of a ventricle may
cause the latter to become enlarged by 'reason of the collapse of

the adjacent tissue.

In the cerebral hemispheres ischaemic softening occurs both in

the parts supplied by the arteries of the basal ganglia and in the

parts supplied by those of the cortex. When cortical centres are

destroyed, motor and sensory paralyses ensue. Destruction of

the occipital lobe and of the posterior portion of the parietal lobe

results in loss of sight. Destruction of the central convolutions
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and parietal lobe gives rise to paralysis of the limbs of the oppo-
site side

; while destruction of the left third-frontal gyrus (Fig.
238) in right-handed persons usually induces ataxic aphasia.The production of numerous small areas of softening in the cortex
(Fig. 2:37) leads to the impairment, in varying degree, of many of
its functions.

In the cerebral axis foci of softening occur in the most diverse
places, and accordingly give rise to very various disorders of
function. When they are situated in the course of the pyramidal
tract, they interrupt the conduction of motor impulses.

References on Iischaemic Softening of the Brain.

CHARCOT : Lex localisation* dans tea maladies <lu cerreau Paris 1876 : Lea mala-
dies des rieillards Paris 1867; Le ramollissement cerebral et I'enct'phalite,
Oeuvres completes ix Paris 1890

DURET : Circulation of the encephalon A . de physiol. 1874
GEIGEL: Embolic iscliaeinia V. A. \'2\ 1890
GELPKE: Cerebral apoplexy and embolism of the cerebral arteries .-1. d.

He ilk. xvi
HEUBNER : Die luetische Erkrankuny der Hirnarterien Leipzig 1874
HOVEN : Anatomy of cerebral infantile paralysis .1. f. Psych, xix 1888
KKEUSER : Acquired porencephalia Z. f. Psych. 48 1891
KROEMER : Chorea A.f. Psych, xxm 1891
LANCEREAUX : De la thromliose ft de I'enibolie a'n'brale Paris 1862
LICIITIIEIM: Aphasia D. A.f. klin. Med. xxxvi
MAM.ORY: Calcareous concretions in the brain Journ. of Path, in 1894
MARCHAND : Embolism and thrombosis of the cerebral arteries lierl. klin.

Woch. 1894
POEI.CHEX: Cerebral softening from carbonic-acid poisoning I*. A. 112 1888
PREVOST and COTARD: Le ramollissement ct'n'bral Paris 1866
SAVELIEW: Cerebral embolism I'. .1. 13.") 1894 (with references)
WALCKER: Occlusion of cerebral arteries Inaug. Diss. Zurich 1872

116. Haemorrhages are of very frequent occurrence in the

brain, taking place both by diapedesis and by rupture. Capillary

haemorrhages are not uncommon in congestive hyperaemia, and
acute encephalitis generally begins with such haemorrhage. In

some cases of malaria the brain is beset with numbers of bleeding

points, and multiple haemorrhages of the kind are observed in

other infective diseases (variola, anthrax), and in haemorrhagic
purpura.

In all these cases the haemorrhages take the form of Bounded
01 elongated spots from the size of a millet -seed to that of a pea,
and often give the section a delicately-sprinkled appearance.

The extravasated blood lies partly in the substance of the

brain itself, partly in the adventitial sheaths of the vessels. The
accumulations of blood met with in the latter situation are often

described as miliary dissecting aneurysms.
Extensive haemorrhages due to occlusion of the arteries by

arterio-sclerotic thickening of the intima, or by embolism and
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thrombosis, are rare ;
but small isolated haemorrhagic spots are

not uncommon as a result of arterial obstruction.

Engorgement of the veins within the substance of the brain,

such as occurs, for example, in the neighbourhood of tumours or

of large haemorrhages, leads to the appearance of numerous small

circumscribed extravasations around the capillaries and small

veins, the blood lying partly within the adventitial sheaths, partly
in the brain-substance itself.

Wounds, contusions, and concussions of the brain and cord,

induced by various traumatic conditions, usually lead to haemor-

rhages, whose extent naturally varies with the size of the vessels

that are ruptured.
Extensive spontaneous haemorrhage (cerebral apoplexy)

results from the bursting of arteries, owing to the weakening of

their walls by degenerative and inflammatory changes. Aneu-

rysmal dilatations of the arteries often precede the rupture,

though in many cases no such dilatation is discoverable. Increase

of the blood-pressure within the aortic system favours the rupture
of diseased vessels, but is incapable of causing sound arteries to

give way.
Such spontaneous arterial haemorrhages take place most com-

monly in the region of the basal ganglia, in the internal capsule,
and in the parts immediately adjacent. They are more infrequent
in the pons, in the crura cerebri, in the cerebellum, and in the

centrum ovale of the cerebrum. Spontaneous haemorrhage from

rupture is rarest of all on the convex aspect of the brain.

This distribution is due to the fact that the arteries supplying
the first-mentioned territories are subjected to greater blood-

pressure than the small arteries that pass from the vascular rami-

fications within the pia mater into the cortical grey matter. In

particular, the pressure is highest in the branches of the middle
cerebral artery supplying the basal ganglia and the internal

capsule.

By arterial haemorrhage the nervous and ganglionic elements
are more or less extensively destroyed, while the surrounding
structures are subjected to compression. Destruction of tissue

indeed always results, except in the case of very small capillary

haemorrhages, when the adjoining cerebral and spinal tissues are

merely pushed aside and compressed by the extravasation of blood

into the vascular sheaths. The bursting of arteries of the smallest

calibre gives rise to haemorrhagic patches varying from the size of

a pea to that of a hazel-nut : when larger branches give way entire

regions of the brain may be destroyed, such as the greater part of

the basal ganglia of one side with some of the adjoining white

matter, or the entire white centre of one occipital lobe.

The seat of a recent haemorrhage has a dark-red softened

appearance, the tissue being reduced to a coagulated or pulpy
mass of detritus. When the haemorrhage has been extensive the
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remainder of the brain is anaemic, the gyri are more or less flat-

tened from the pressure of the extravasated blood, and the sulci

are indistinct. Surrounding the primary focus are usually a
number of small bleeding points, that give the brain-substance

the'appearance of being sprinkled with red ; they are due to the

disturbance of the circulation caused by the primary haemorrhage.
When bleeding takes place in the neighbourhood of the ven-

tricles, the blood may be poured into the ventricular cavities, and

pass thence through the transverse tissures into the subarachnoid

spaces.
In cortical haemorrhage the greater part of the blood is apt

to spread along beneath the pia mater and to penetrate into the

pial and subarachnoid meshes. When meningeal arteries give

way, the membranes are nat-

urally the chief seat of

effusion, and the brain-sub-

stance is only involved to a

subordinate extent. Should
the arachnoid itself be torn,

the blood may pass into the

subdural space.
On coagulation the mass

of extravasated blood con-

tracts, and its liquid portions
are in part removed by the

lymphatics and blood-vessels.

In this way the compression
of the neighbouring tissue is

gradually lessened and finally

ceases. At the same time

the blood-clot changes colour

and becomes reddish-brown
or chocolate-coloured. More-

over, some of the haemoglo-

FlO. 'jyy. APOPLECTIC CICATRIX FROM THK
CENTRE OF A CEREBRAL HEMISPHERE.

(Preparation hardened in Mailer's fluid,

stained tcith haematorylin and rn*in. <iw/

mounted in Canada balnam : X 'J50)

loose connective tissue

dense connective tissue

cells with brown pigme
fat-granule cells whose fat

dissolved out

crystal of haematoidin

has been

bin diffuses into the sur-

rounding tissue and gives it

a yellowish tinge. Presently

disintegration of the effused

blood and of the damaged
cerebral matter takes place,

and the products of disintegration are in course of time aln

entirely absorbed by the action of fat-granule and pigment-

granule cells (Art. 114). The space thus left unoccupied

filled up either by the accumulation of liquid or by the collapw

and contraction of the brain-substance. In the latter case c

responding dilatation of the subarachnoid space or c

cles must occur. When part of the space is filled up with

liquid, the result is an apoplectic cyst; when the surr
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ing tissue contracts and closes up the hiatus, an apoplectic
cicatrix is formed, which is either very dense and close in

texture, or encloses inspissated necrotic residues, and sometimes

plates of cholesterin. The tissue of the cicatrix (Fig. 239) and
the wall of the cyst are usually somewhat indurated, and of a

yellow, brownish-red, or brown tint. The pigmentation is due
to the fact that some of the colouring-matter derived from the dis-

integration of the blood is not absorbed, but remains in situ. The

pigment consists largely of amorphous brown flakes and granules
of haemosiderin (Fig. 239 c), with a small amount of amorphous
or crystalline haematoidin (e). The induration is essentially due
to hyperplastic connective tissue (a 6) derived from the proliferous
adventitial sheaths of the vessels.

In the case of haemorrhages that are inconsiderable, and in

which the extravasation has been limited to the sheaths of the

vessels and causes no destruction of tissue, the products of dis-

integration are in large part removed by the adventitial or

circumvascular lymph-channels ; pigment-granules, however, are

liable to remain for a long time in the vascular sheaths.

References on Cerebral Haemorrhage and its Causation.

CHARCOT: Lecons sur les maladies des vieillards Paris 1867; Nouv. rech. sur la

pathogenic de I'he'morrhagie ce're'brale, Oeuvres completes ix 1890
;
Localisation

of cerebral and spinal diseases (New Syd. Soc. trans.) London 1883
CHARCOT and BOUCHARD: Pathology of cerebral haemorrhage A. de physiol.

11868
DURCK: Changes and haemorrhages in the central nervous system V. A. 130

1892
EICHLER: Aneurysms of the cerebral arteries D. A.f. klin. Med. xxn
GEIGEL : Apoplectic shock in cerebral haemorrhage V. A. 125 1891
LOWENFELD : Aetiologie und Pathologic der Hirnblutungen Wiesbaden 1886
ROTH: Correspbl.f. Schweizer Aerzte 1874
TURNER : Arteries of the brain from cases of cerebral haemorrhage Trans.

Path. Soc. London 1882

117. Traumatic injury affects the brain in various ways,
and leads to various kinds of secondary changes.

Concussion of the brain, such as is produced by a fall upon
the head or by a blow or knock, often causes a paralysis of the

brain manifested by loss of consciousness, which sometimes is

temporary, sometimes of longer duration, and not infrequently
terminates fatally. In the latter case investigation occasionally
reveals the presence of multiple cerebral haemorrhages ;

but these

may be absent, and the paralysis must then be due to some wide-

spread and general lesion of the brain, in which certain parts are

torn from their connexions or directly deprived of vitality. The
fact that after slight concussion, whose effects appear to, be tran-

sient, isolated ganglion-cells sometimes undergo calcification is

in favour of this hypothesis.
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Contusion, crushing, ami laceration of circumscribed por-
tions of the brain, such as accompany penetrating gun-shot injuries
(Fig. 240 w), wounds from cuts, stabs, or depressed fractures of
the skull, and occasionally severe local concussions, lead to more
or less extensive local destruction of the brain-substance, and in

general to haemorrhage. The extent of the destruction naturally
depends upon the character of the injury. In the case of gun-

^*^.

Fio. 240. FRONTAL SECTION THROIT.H THE INFUNDIBULCM OF A BRAIN WITH
A BULLET-WOUND.

{Seventeen days after the injury : the revolver-bullet is lodged in the optic tract.
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hot wounds the brain may be traversed from side to side by the

track of the bullet (Fig. 240 m n), and if the latter has rebounded
from the bone, the track may have a zigzag course. Punctured

wounds, on the other hand, often give rise only to a comparatively
short and narrow solution of continuity (Fig. 241 a).
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If no septic infection reaches the seat of the traumatic soften-

ing, its course is in general similar to that of the ischaemic and

haemorrhagic forms. Gradual dissolution of the damaged tissue

takes place (Fig. 241 5), and more or less extensive inflammation
and proliferation are set up (<?). These processes start mainly
from the vessels and the tissue about them ; while the nerve-

substance, often for some distance from the original seat of the
traumatic lesion (d), undergoes degenerative changes.
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PIG. 241. EXPERIMENTAL ENCEPHALITIS PRODUCED BY A PUNCTURE THROUGH THE
CEREBRAL CORTEX OF A RABBIT.

(Twelve days after the injury: preparation hardened in Mailer's fluid, stained with
haematoxylin and neutral carmine, and mounted in Canada balsam : x 25)

A meninges c zone of inflammatory infiltration and
B cerebral cortex proliferation
C medullary white matter d zone of degeneration
a track of the puncture e swollen and degenerate ganglion-cells
6 necrotic granular-looking denucleated g normal cortical substance

tissue

Sub-meningeal injuries of the brain induce in the pia mater
inflammation and proliferation, these processes being especially
noticeable about the vessels that enter the brain (Fig. 241 c).
In perforating gun-shot wounds granulation-tissue (Fig. 242 b c)
is produced around the fistular track (Fig. 242 a), and after a
certain time this is transformed into fibrous tissue (c?), while the

surrounding brain-substance (e) undergoes secondary* disinte-

gration.
We cannot determine at what period these processes come to
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an end. In wounds from stabs or cuts, after the lapse of months
or years, the tissue damaged by the traumatic injury is in some
cases entirely or in great part absorbed, and the seat of the lesion
is occupied by a cicatrix consisting largely of vascular connective
tissue, and of a very small amount of hyperplastic neuroglia.
But it must be noted that even after a long time granule-cells
are still discoverable in the neighbourhood of the scar, indicating
that the processes of disintegration have not entirely ceased.
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Fio. 242. TKAXSVKRSK SECTION OH A BULLKT-WOUND in THK IIUAIN.

(From vox KAHLDEX: forty-seven days lifter the injury: preparation hanlened in
Afiiller's fluid, stained with haematoxylin and carmine, and mounted in Canada
b<tlnam : x 5)

a bullet-track
& mass of exudation
c zone of granulation-tissue

'! fibrous layerof the wall of the bullet-track
zone of softening

/ normal brain-substance

Cases are occasionally observed in which, after some local

traumatic necrosis, the degenerative process continues for years
to extend, and finally involves a large portion of the brain.

After a blow on the forehead, by which perhaps a splinter of

bone is driven into the pia mater and the underlying brain-sub-

stance, softening of the brain may ensue, and cause the destruc-
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tion of the entire frontal lobe. In such cases the proliferation
around the softened region is usually slight.

A cerebral wound, when it is infected in any way by pyogenic

micro-organisms, is followed by purulent infiltration and ulti-

mately by suppuration of the parts involved, and an abscess

(Art. 118) is thus formed.

Compression, due to the gradual enlargement of an intracranial

growth, such as a tumour or a haematoma of the dura mater, may
for a long time be borne by the brain without damage, provided
it is unaccompanied by disturbances of circulation ; and deep in-

dentations of the cortex, due to the growth of tumours of the dura

mater, are sometimes observed in which no degeneration of the

brain-substance has taken place. The brain evidently yields to

the pressure of the growth, and room is provided by an outflow

of lymph from the cranial cavity. If, however, the encroachment
exceeds certain limits, disturbances of circulation and nutrition

are induced, even when the compression increases very slowly.
Sudden compression of the cerebral substance, accompanied

by such disturbances of the circulation as impede the outflow of

blood from the brain or from parts of it, generally induces both
functional disorder and structural change. This is most fre-

quently exemplified in the case of haemorrhage into the brain or

into the ventricles or meninges, and in the case of ventricular

hydrocephalus (Art. 112). The like results are sometimes pro-
duced by the growth of intracranial tumours and abscesses, giving
rise to such changes as flattening of the convolutions over the seat

of compression, ischaemia, and not infrequently softening and dis-

integration.
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HAYEM : Les diverses formes d'enccphalite Paris 1868
JOLLY: Studien aus d. Institute f. experim. Pathol. Vienna 1870
VON KAHLDEN: Healing of cerebral wounds Cent. f. allg. Path, n 1891
KRAFFT-EBIXG : Ueber die durch Gehirnerschiitterung und Kopfverletzung hervor-

gerufenen psych. Krankh. Erlangen 1868
MILES: Microscopic pathology of cerebral traumatism Journ. of Path, i 1892
SANARELLI : Reparative processes in the brain Cent. f. allg. Path, n 1891

(p. 429)
WITKOWSKI : Cerebral concussion V. A . 62 1874
ZIEGLER: Healing of cerebral wounds Sitzungsber. phys.-med. Gesellsch. in

Wiirzburg 1878



ART. 118] FOCAL ENCEPHALITIS 429

118. Acute haematogenous encephalitis (insular or focal)
is an affection that developes in the course of various infective
diseases, and makes its appearance at one or more isolated spots or
in numerous scattered foci. It occurs most frequently in the
course of pyaemia, endocarditis, and epidemic cerebro-spinal menin-
gitis, which infections are due to the pyogeuic and pneumonic
micrococci. In rare cases it appears in the course of other infec-
tive diseases, such as typhoid fever, acute articular rheumatism,
scarlet fever, or ulcerative pulmonary tuberculosis. Apparently
also the morbific agency that produces acute spinal myelitis (spinal
infantile paralysis) may also give rise to encephalitis. In rabies

(hytrrophobia) not only the cord but the base of the brain and the

hemispheres are sometimes studded with foci of inflammation.
So far as we at present understand, encephalitis occurring in

the course of specific infective diseases is due partly to metastasis
of the primary infection, partly to metastasis of some secondary
pyogenic infection. In many cases the encephalitis is accom-

panied by meningitis.
The minutest encephalitic foci are not recognisable by the

unaided eye, but the microscope reveals them as patches of small-
celled infiltration surrounding the blood-vessels. Larger s]K>ts
have a pink appearance or are represented by clusters of small
dark-red haemorrhagic foci. When suppuration ensues the foci

take the form of yellowish-white patches, whose tissue soon lique-
fies and becomes purulent.

Minute foci of infiltration are probably capable of recovery
without leaving any permanent lesion, but larger foci always
cause destruction of the cerebral tissue. When these latter re-

cover it is by contraction and induration of the inflamed region,
so that either a patch of sclerosis (Art. 120) or a fibrous scar is

formed.

Haematogenous suppurative encephalitis, leading to the for-

mation of cerebral abscesses, occurs most frequently in the

course of pyaemic infection due to septic wounds, carcinomatous

ulcers, or ulcerative pulmonary disease, as well as in some cases of

septic pyaemia whose origin is not apparent (cryptogenetic pyae-

mia). In pyaemic endocarditis infective emboli carried into the

cerebral vessels at first set up ischaemic or haemorrhagic softening
of the brain, and this is sometimes followed by suppuration.

Haematogenous abscesses arise most frequently in the cerebrum

and* cerebellum, more rarely at the base of the brain, and they are

at times multiple. They usually contain creamy yellowish-white
or pale greenish-coloured pus. The smallest vary in size from that

of a millet-seed to that of a pea. Large abscesses may occupy the

greater part of a lobe, but in general they are of the size of a wal-

nut or a bantam's egg.
When recent the abscess-wall appears ragged ; the surrounding-

tissue is oedematous and swollen, and is often dotted with small
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specks of haemorrhagic and inflammatory infiltration. An abscess

extending up to the pia mater gives rise to meningitis. Escape
of the pus into the cerebral ventricles sets up intense inflammation

there.

Only the smallest abscesses are capable of repair by resorption
of the pus and the formation of a scar. Larger abscesses, provided
the inflammation recedes and the patient does not die from exces-

sive intracranial pressure or from meningitis, become separated off

from the surrounding tissue by a membranous la}^er of granulations,
and may thus persist for many years. Even by the fourth week an
abscess may be marked off from the surrounding cerebral substance

by a grey or greyish-red zone. In the course of months this zone

becomes broader, say from two to five millimetres thick, and at the

same time undergoes induration. It consists simply of granula-
tion-tissue, which is afterwards changed into fibrous cicatricial

tissue. In old abscesses the limiting membrane thus consists of

an inner layer of granulation-tissue and an outer fibrous layer.
The abscess, once encapsuled, gradually increases in size by

the accumulation within it of pus secreted by the membrane ; it

is probable, however, that this secretion ceases in course of time,

and at all events in chronic abscesses it is very scanty. The sur-

rounding tissue is compressed, and is liable to become atrophic or

even to perish outright by degenerative necrosis. At any mo-
ment also inflammatory oedema or fresh inflammatory infiltration

may be induced, and bring about conditions that impair the func-

tions of the brain and frequently put an end to life. Even the risk

of rupture into a ventricle or of extension of the inflammation to

the pia mater is not done away by the encapsulation. Cerebellar

abscesses are apt to give rise to chronic dropsy of the ventricles, by
pressure on or thrombosis of the venae Galeni. A large abscess

can be cured only by operative evacuation of its contents.

The commonest example of inflammation transmitted by con-

tinuity to the brain from the neighbouring structures is that

arising in connexion with leptomeningitis (Art. 123). Patches

of encephalitis are, moreover, sometimes met with after inflamma-

tion of the cranial bones and dura mater, and that without any im-

plication of the pia mater. Thus a cerebral abscess may develope
as a result of suppuration in the middle ear or in the petrous

portion of the temporal bone.
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CHAPTER XLI

INFECTIVE GRANULOMATA OF THE BRAIN

119. Tuberculosis of the brain usually has its origin in the

meninges (Art. 125) ;
and even in those cases in which tuber-

culous foci are seated in the brain-substance itself, their develop-
ment starts in the vessels and their adventitial sheaths that

penetrate from the pia mater.

According to the method whereby the tubercle-bacilli are

conveyed to the brain, the tuberculosis may be described as

haematogenous or lymphogenous. The latter form is chiefly a

result of tuberculosis of the meninges or of the skull, and in par-
ticular of the petrous portion of the temporal bone.

Tuberculous meningitis (Art. 125), which is usually associated

with the eruption of large numbers of tubercles, leads to the

development of a certain number of these in the brain also;

they are in general most numerous in the cortical parts, but are

present also in the deeper parts of the centrum ovate and in the

basal ganglia. They take the form partly of small foci of soften-

ing that are often haemorrhagic, partly of grey or yellowish-white

cheesy nodes that are sometimes surrounded by a haemorrhagic
zone. If but one part, or a small number of parts, of the brain be

infected with tubercle-bacilli, so that the affection is not rapidly
fatal, larger tuberculous nodes, or so-called solitary tubercles,
are apt to be formed. These are mostly rounded or irregular

masses, varying from the size of a pea to that of a walnut or a

goose-egg, and consisting of tolerably firm yellowish-white caseous

matter, surrounded by a grey zone of granulation-tissue, some-
times beset with visible tubercles. Not uncommonly processes of

softening and liquefaction take place within these nodes, and
abscess-cavities filled with yellowish-white or greenish-yellow pus

may thus be formed.
The focal affections of the brain due to syphilis have their

origin in the pia mater (Art. 126), whence they usually extend

to the brain-substance by direct continuity. It is, moreover, to

be kept in mind that arterio-sclerosis due to syphilis may lead to

cerebral softening, and that possibly many atrophic affections of

the brain (Art. 113), as well as insular and systemic scleroses

(Art. 98), are results of syphilitic infection.
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The foci known as gummatous nodes take the form of grey or

greyish-red
translucent inflammatory granulomatous growths.

They are usually irregular in shape, and either undergo caseation
and disintegration, or lead to cicatricial induration of the brain-

tissue.

Actinomycosis of the brain is, on the whole, a rare disease,
and as a rule is induced by the extension of the specific process
from the face, throat, and nape of the neck, through the foramen

magnum into the cranial cavity. Diffuse purulent inflammation
and granulomatous proliferation are thereupon set up in the pia
mater, and small suppurating nodules are developed in the mem-
brane and at times in the underlying cerebral substance also.

BOLLINGER (Cent. f. med. Wiss. '21 1877) observed an actinomy-
cotic granuloma of the size of a hazel-nut, seated in the third

ventricle of a woman in whom no other actinomycotic growths
were found.

2r
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CHAPTER XLII

SCLEROSIS OF THE BRAIN

120. Multiple or disseminated sclerosis of the brain is

usually but a part of a like affection extending over the entire

central nervous system, and has already been referred to in con-

nexion with the morbid anatomy of the spinal cord (Art. 96).
Diffuse sclerosis of the brain and sclerosis of the ependyrna
demand separate description.

Diffuse sclerosis of the brain is characterised by more or less

extensive induration of the cerebral substance, whose colour is

little if at all altered thereby. It may involve the entire brain or

one lateral half of it, or may be limited to single convolutions,
or to deeper parts such as the corpus callosum. It sometimes

appears in multiple ill-defined patches, and is associated with
marked increase in bulk, or in certain cases with atrophy, of the

affected portion of the brain. So far as the published records go,
the induration would appear to be due to hyperplasia of the

neuroglia ; but this does not in all cases take place in the same way.
Some of the cases are probably referable to anomalies of devel-

opment ; and of this kind are the scleroses met with in children,
which are associated with enlargement of a part or the whole of

the brain, and might accordingly be described as instances of cere-

bral hypertrophy. When the overgrowth due to hyperplastic

proliferation involves limited portions of the brain, these tend
to assume the appearance of tumours, and indeed between such
scleroses and gliomata or neurogliomata (Art. 121) no sharp line

of distinction can be drawn.
Induration in atrophic brains is also probably to be regarded

as in part due to developmental disorder : in other cases such
induration either represents the final outcome of a disease leading
to degenerative change, or is the result of some long-continued

injurious influence.

In those forms of atrophy that are met with in slowly pro-

gressive general paralysis (Art. 113), the brain-substance not

infrequently appears more or less hardened, and under the

microscope the neuroglia is sometimes seen to be hyperplastic.
The affection known as ependymal sclerosis is characterised

by a thickening of the ependyma, which is either diffuse or in the

form of small scattered prominences like grains of sand, and is
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due to proliferation of the sub-epithelial neuroglia of the ventri-

cles. When the proliferation occurs in scattered patches, the inner

surface of the ventricle has a granular appearance and is rough to

the touch ; in the diffuse form the ependyma is smooth and white
or greyish-white. It is accordingly usual to distinguish one form
as granular and the other as smooth ependymal sclerosis.

The cause of the ependymal proliferation is not fully under-

stood ; but we can say that in many cases it developes in con-

nexion either with chronic degenerative processes or with chronic

inflammations. Thus it is apt to accompany the chronic lepto-

meningitis of general paralytic dementia (Art. 123), and it also

makes its appearance in chronic ventricular hydrocephalus.
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TUMOURS AND AXIMAL PARASITES OF THE BRAIN

121. Among the tumours of the brain, there are two that are

peculiar to the central nervous system, namely neuroglioma and

glioma.
G-anglionic neuroglioma is probably always referable to some

disturbance of the normal development of the brain. It takes the

form either of an apparent enlargement of some portion of the

brain not marked off by any definite boundary from the surround-

ing tissue, or of a more circumscribed nodose tumour.
The pia mater overlying the enlarged portion is not altered,

and the configuration of the gyri is in general left intact. On
transverse section the difference in tint, normally so striking,
between the cortex and the medullary white matter is indistinct

or entirely absent : the tissue looks uniformly white or greyish-
white, or the prevailing white appearance is variegated with a

sprinkling of indistinct light-grey flecks. It is of firmer consist-

ence than the normal tissue, and sometimes is firm and tough in

texture.

The matrix of the growth consists of neuroglia (Fig. 243 j5),
similar in character to that of the patches in disseminated sclero-

sis ; it is sometimes dense and firm, sometimes loose in texture ( (7)
and approaching the consistence of so-called gelatinous sclerosis.

The tissue contains ganglion-cells, not only in the region of the

original cortex, but also within the white matter of the gyri and the

centrum ovale ; these cells are loosely scattered (6) or aggregated
in groups (-4 a). Some of them are small ; others are large

(a b e) and not unlike the large ganglion-cells of the spinal cord.

Medullated nerve-fibres (d) are visible only in some parts of the

tumour (.5), but they never approach in size or number the fibres

that are normally contained in the white matter of the brain.

G-liomata (Figs. 244 and 245) are most frequently met with
in the cerebrum, less often in the basal region ; in the cerebrum,

they are generally situated just underneath the pia mater. In

the majority of cases the external configuration of the surface

of the brain is unaltered, the presence of the tumour being indi-

cated externally only by a certain fulness over the portion of

brain involved (Fig. 244 6), and by some discoloration of its

surface. It is rare for any well-defined swelling to be visible
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externally (Fig. 245 a J). On transverse section, the bulk of the

tumour is occasionally seen to consist of tissue which in consist-

ence and colour resembles pale, or in some cases hyperaemic,
cortical substance. More commonly however the glioma is grey,

greyish-white, or greyish-red, somewhat translucent or yellowish,
or mottled in places by irregular patches of these different tints,

and, it may be, flecked with opaque white spots and haemor-

rhagic foci (Fig. 244 6), its consistence being in some parts softer,

in others firmer, than that of normal brain-matter. Its tissue often

contains numerous vessels filled with blood, whose calibre greatly
exceeds that of normal cerebral vessels. When the haemorrhages

FIG. 245. GLIOMA OF THE PONS AND MEDULLA OBLONGATA.

(Basal aspect of the brain: three-quarters of the natural size)

enlarged pons
rounded prominences in the region of the pyramids and olivary bodies
medulla oblongata

are very numerous, and occupy the greater part or the whole of

the tumour, it may assume the appearance of an apoplectic patch.
If a portion of the tissue has been destroyed by haemorrhage or

softening, the tumour encloses cystic cavities with white or brown

semi-liquid contents.

A glioma of the brain may attain a diameter of from three to

eight centimetres or more. The adjoining cerebral substance

either merges gradually into the mass of the tumour, or is vis-

ibly marked off from it and pushed aside by its growth. Not
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uncommonly the surrounding tissue is softened, and sometimes
even contains cysts of disintegration.

/w^off 0e
J?"

al axi 'S Sliomata are generally seated in the nous
(Fig:. 246 6) <>r the medulla oblongata, and sometimes involve a
considerable portion of these regions.

The tumours consist of stellate neuroglia-cells (Fig. 246) but
the number and size of these cells vary greatly, some of them
having numerous filamentous processes, while others have a few
very long and branched ones. The cells are in general uni-
formly distributed, but are sometimes aggregated in small clus-

ters^
The cell-processes are sometimes loosely, sometimes closely,

interwoven into a plexus of fibres. Wide interfibrillar meshes
sometimes give a myxomatous appearance to the growth, and such
tumours are generally described as gliomyxomata. In many cases,
the majority of the vessels are dilated, and so abundant that the
term telangiectatic glioma is

applied to the tumour. The
walls of the blood-vessels often
exhibit hyaline thickening.
Proliferation of the adventitia
not infrequently takes place,
and the vessels are thus sur-
rounded by a thick sheath of

cellular or fibro-cellular tissue.

The new growth extends by
the proliferous multiplication of

the neuroglia-cells. The nerve-
fibres and ganglion-cells within
the region of the proliferation

ultimately perish, though they
often persist for a remarkably
long time. If the glioma presses

against the pia mater, prolifera-
tion of its connective-tissue cells takes place, and this often results

in the production of new fibrous tissue, followed later on by
neoplastic proliferation and penetration of the glioma within the
meshes of the new tissue.

The aetiology of glioma is not certainly known, but probably
it is most apt to develope in places whose structure, owing to some

emjbryonic peculiarity, deviates from the normal type. This view
seems to be confirmed by an observation of STKOEME, that gli-
omata occasionally contain cysts lined with cylindrical epithelium.

Abundant cellular hyperplasia gives to some gliomata a sar-

comatous appearance, and to these the term gliosarcoma is usually

applied. It would be more correct, however, to describe such

growths as medullary gliomata, inasmuch as the tumour-cells are

derived from the cells of the m-uroglia.
True gliosarcoma mav, however, be produced when abundant

Fl. *J4<). SWTION KUOM A CRKKItRAL
GLIUMA, WITH STELLATE < ELLM.

(Preparation hardened in Miillfr's fluid,
and stained by MALLOKY'S ni> t/,-,,1

Kith haematoxylin : x SOU)
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cellular proliferation takes place in the adventitial sheaths of the
vessels of a glioma, and the resulting tissue forms an integral

component of the tumour.
Sarcomata of the brain originate in its fibrous or connective-

tissue components, such as the pia mater or the adventitial sheaths
of the vessels penetrating therefrom. They are of the spindle-
celled, round-celled, or polymorphous-celled varieties, and are

generally of marrow-like consistence. They are more or less

globular in shape, sharply defined from the surrounding tissue, of

the most various sizes, and either solitary or multiple. Haemor-

rhage and softening often take place within them. By calcifica-

tion they may in part be transformed into psammomata. When
sub-pial they are apt to invade the meninges, and so give rise to

numerous secondary metastases throughout the entire central

nervous system. The surrounding brain-substance is often soft-

ened, the meninges are inflamed, and the ventricles dilated.

Small angiomata are not uncommon in the brain ; they do

not, as a rule, form actual tumours, but merely small recldish

specks that look not unlike recent centres of inflammation. They
are probably congenital (ViRCHOw), and are accordingly classed

with the vascular naevi. Generally speaking, they are due to

telangiectasis, or in rare cases to cavernous metamorphosis, within
some definite vascular territory.

Fibroma of the central nervous system is rare ; it takes the
form of rounded nodose growths.

BIDDER has described an osteoma several centimetres in

diameter which was seated in the corpus striatum. BENJAMIN,
BERNHARD, TAUBNER, and others have recorded cases of lipoina.

(On cholesteatomata and dermoid cysts see Art. 127.)
Sarcoma and carcinoma sometimes develope in the brain as

secondary tumours, usually in the form of rounded nodes.
The animal parasites met with in the brain are Cysticercus

and Echinococcus (Art. 127).

References on Tumours of the Brain (see also Art. 127).
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CHAPTER XLIV

THE PIA MATER AND ARACHNOID

122. The pia mater is a thin vascular membrane of con-

nective tissue, which closely invests the entire surface of the brain,

and furnishes an adventitial sheath to the vessels passing from it

into the brain-substance.

The arachnoid is a delicate non-vascular membrane immedi-

ately underlying the dura mater, and so closely applied to it that

only a capillary space intervenes (the subdural space). Between
the arachnoid and the pia mater lie the subarachnoid spaces,
traversed by delicate fibrous trabeculae and membranous septa

(the subarachnoid tissue) that are overlaid with endothelium:

the spaces contain the cerebro-spinal or subarachnoid liquid. The

pia mater and arachnoid are together referred to as the internal

meninges or leptomeninges.
Both membranes send vascular prolongations through the

anterior and posterior transverse cerebral fissures into the ventri-

cles, the telae choroideae or choroid plexuses. These establish

communication between the subarachnoid spaces and the cavities

of the third and fourth ventricles.

The conditions that give rise to hyperaemia and anaemia of

the internal meninges, and the morbid appearances thereby pro-
duced, have already been dealt with (Art. 112).

Oedema of the pia mater and of the subarachnoid spaces is due
to venous engorgement, or to inflammatory congestion and altera-

tion of the vessel walls. It is manifested by accumulation of

liquid within the subarachnoid spaces, which tends to widen the

sulci, and the condition is known as meningeal dropsy.
In cases of atrophy of the brain meningeal dropsy ex vacuo is

induced over the shrunken region, and the like takes place when
from any cause the brain-substance undergoes local contraction or

collapse. Subarachnoid and pial spaces that are shut off from the

surrounding tissue are sometimes distended with liquid, and give
rise to subarachnoid and pial cysts. These are liable to exert a

certain pressure on the adjoining brain-substance, but the condi-

tion is on the whole infrequent. The choroid plexuses of the

ventricles, on the other hand, are apt to undergo cystic degener-
ation, and then enclose a varying number of cysts from the size

of a pea to that of .a bean, or seldom larger. The cyst-wall consists
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of vascular connective tissue, covered externally with polygonal
epithelium and internally with an endothelial lining membrane.
The interior of the cyst is sometimes traversed by fibrous trabe-

culae and vessels.

Haemorrhages into the pia mater are due, as a rule, to extreme
venous engorgement, and give rise to the appearance of circum-
scribed haemorrhagic spots on the membrane, or to more or less

extensive collections of blood in the subarachnoid spaces. Further
causes of haemorrhage are traumatic injury and changes in the

blood due to infection or poisoning. The rupture of atheroma-

tous arteries within the pia mater naturally leads to haemorrhage
into the subarachnoid spaces, and, when the arachnoid gives way,
into the subdural space also. In cases of cerebral haemorrhage
extending into the ventricles, blood may pass by way of the trans-

verse fissures into the subarachnoid spaces. In cortical apoplexy
the blood generally spreads beneath the pia mater.

The blood thus effused into the pia mater, the subarachnoid,

and the subdural space, is altered and absorbed in the same way as

in other organs. During the process of resorption the tissue

involved is liable to proliferate and so lead to the formation of

new connective tissue.

In infants who die shortly after birth subdural and intrameningeal haemor-

rhages are often observed. They are due to rupture of the siiu'ses or of the

subarachnoid veins by displacement of the cranial bones during parturition.

References on Cysts of the Meninf/es, of the Choroid Plexuses, and

of the Adventitial Lymph-Sheaths.

ARXDT: fitat crible V. A. 7'2 1878
BIZZOZERO : Rirista din. di llolognu 1868
GOLGI : Rivista din. di Bologna 1876
HAECKEI. : Path. anat. of the choroid plexus I'. A. 10 1859

LUSCHKA: Die Adergeflechte des menschlichen Gehirns Berlin 1855

RIPPINO : Cystic degeneration of the cerebral cortex Z.f. Psych. 30 1874 and

32 1875
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SCHNOPFIIAGEX : Wiener Sitzungsber. LXXIV 1876

123. Acute inflammation of the internal meninges, or acute

leptomeningitis, is haematogenous, traumatic, or consecutive to

disease of the brain, of the dura mater, of the skull-bones, of the

orbit, or of the nasal cavity and its accessory spaces,

cases specific bacteria are proved to V>e the cause of the inflamma-

tion, especially when it takes a purulent, aero-purulent, or
fibrinp-

purulent form. These forms are in general due to pyogenic

micrococci, and in some cases to the Diplococcu* pneumomae. A

special micrococcus has been described by WMCH8ELBAUM and

GOLDSCHMIDT. which they have called Diplococcus tntrwllularu.

In one case NKIMANN and SrnKKFKi: discovered a bacillus which
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resembled the typhoid bacillus. NETTER found in a case of

meningitis following otitis media a bacillus resembling the pneu-
monia-bacillus of FRIEDLANDER.

In the disease known as epidemic cerebro-spinal meningitis,

according to FOA, BORDONT-UFFREDUZZI, FRANKEL, WEICHSEL-
BAUM, and others, the Diplococcus pneumoniae appears to be the

exciting cause in the majority of cases ; but other micro-organisms
have been observed (BONOME) in certain instances.

Meningitis sometimes arises in the course of endocarditis,

croupous pneumonia, acute articular rheumatism, pleurisy, scarlet

fever, typhoid fever, ulcerative phthisis, decubital ulcerations or

bed-sores, and so on. It may be regarded in some cases as a local

manifestation of the primary infection, in others as the result of a

secondary infection.

In the form described as acute serous leptomeningitis the

subarachnoid spaces and the pia mater are the seat of an inflam-

matory oedema accompanied by the signs of congestive hyperaemia:
at the time of death, however, the subarachnoid liquid is often but
little increased in quantity, and the hyperaemia has given place
to a moderate distension of the vessels. The signs of inflamma-
tion may thus be demonstrable only by the aid of the microscope,
which shows the pia mater to be sparingly infiltrated with leu-

cocytes. A considerable accumulation of liquid is generally found
in the ventricles, constituting an acute ventricular dropsy.

Acute serous leptomeningitis is most frequently observed in

children, arising at the outset or during the course of infective

diseases, such as measles, scarlet fever, etc. The aetiology of the
affection is, however, often undiscoverable.

Purulent, fibrino-purulent, and sero-purulent inflammations
are characterised by the effusion of a corresponding exudation
into the subarachnoid spaces and the pia mater. The exudation
is turbid and puriform, or actually purulent, or yellowish-white
and pulpy, and collects chiefly in the sulci and about the vessels,

though it often spreads in a thin layer over the whole surface of

the convolutions. Occasionally haemorrhages are visible here
and there, especially in suppuration following traumatic injury of

the meninges ; but they are not infrequent in haematogenous and
consecutive or conducted inflammations. Sometimes the arach-

noid tissue is so thickly infiltrated with pus that the convolutions

can scarcely be made out through the overlying stratum.

The exudation is generally confined to the pia mater and the

subarachnoid spaces ; but it may extend into the cortex along
the pial sheaths of the vessels. If the meningeal suppuration
follows an injury to the meninges and the brain, the latter may
also become the seat of suppuration ; pus sometimes accumulates
in the subdural space in such cases. Suppuration originating in

the scalp, in the bones of the skull, or in the dura mater, is

likewise apt to lead to subdural accumulations of pus.
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The seat of the purulent inflammation is naturally dependent
on the locality of the exciting cause. Haematogenous inflamma-

tions arise both at the base and on the convexity of the brain. In

the disease known as cerebro-spinal meningitis the spinal mem-
branes also are involved, often indeed to a greater extent than the

cerebral meninges. Inflammation originating in the petrosal bone
extends in the first instance to the adjacent portions of the brain.

Traumatic forms, for obvious reasons, most frequently involve the

convexity; but they sometimes start at the base, as for example
after injury to the roof of the orbital cavity.

.Within the region of suppuration not only the meshes of the

tissue but the vascular walls are infiltrated with cells. If the

process be long continued, degenerative changes make their

appearance in the contiguous portions of the brain, l>eing indi-

cated by swelling and disintegration of the ganglion-cells and

nerve-fibres.

When the inflammation extends through the transverse fissure

and involves the choroid plexus, purulent or fibrino-purulent
exudations appear in the ventricle, increasing the volume of its

liquid contents and rendering these turbid, while the plexus
becomes swollen and covered over with pus or fibrino-purulent

deposits. The ependyma and the underlying cerebral substance

become moister and sometimes undergo inflammatory softening.

By the dilatation of the cerebral ventricles the brain is compressed,
the gyri are flattened, and cerebro-spinal liquid is forced out from

the subarachnoid spaces. The meningeal tissue in consequence is

deprived of its normal moisture, and the arachnoid and the

internal surface of the dura mater have accordingly a strikingly

dry appearance.
Purulent inflammation of the meninges usually terminates in

death ; the less severe forms, however, are sometimes recovered

from, the exudation being re-absorbed. They leave behind them

white fibrous thickenings of the pia mater and arachnoid, and at

times also adhesions to the dura mater, due to proliferous over-

growth of connective tissue during the process of recovery and

re-absorption. Occasionally too the ventricles are permanently

dilated.

References on the Aetiology and Morbid Anatomy of Acute

, Meningitis (see also Art. 103).

ADXOT : Des me'ningites microbiennes Paris 189O

BOXOME: Aetiology of epidemic cerebro-spinal meningitis Zuglei

1890
vox CAMPE : Morbid anatomy of the meningitic processes Zicgler'n Beitriige

ii 1886 (p. 458) . 1fta,
CEXTAXXI : A new micro-organism in meningitis A.perle *ci

VON HERWEKI.KX: Microorganisms in epidemic meningitis Inaug.
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HILDEBRAND : Aetiologie d. Meningitit traumatica suppuratiea Jei
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NETTER : Suppurative meningitis France med. 1889, abstracted in Cent. f.

Bakleriologie vi 1889
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124. The existence of chronic leptomeningitis is often in-

ferred from the presence of white thickenings, diffuse or dissemi-

nated in spots or streaks, in the arachnoid and pia mater ; but as a

rule these appearances cannot be regarded as due to true chronic

inflammation. In many cases such thickenings consist essentially
of hyperplastic connective tissue, and are simply the result of past

inflammatory processes. In other cases they are produced not so

much by inflammation as by continued and often-repeated dis-

turbances of circulation and nutrition, and in particular by venous

engorgement. They are met with also in connexion with chronic

renal disease and chronic alcoholism, and in this case also are

chiefly due to fibrous hyperplasia, or occasionally to endothelial

proliferation.
Chronic inflammation, indicated by persistent cellular infiltra-

tion of the meninges, for the most part takes place in the neigh-
bourhood of bones affected with chronic suppuration, tuberculosis,

and syphilis, and around tumours and foci of degeneration within

the brain, etc. ;
and as might be expected from its mode of origin

it is usually of limited extent. It attains its greatest degree of

independent development in the form of cerebral disease that

is associated with paralytic dementia, and has already been de-

scribed in Art. 113.

When the morbid process has made considerable progress, the

internal membranes, and especially the pia mater, are rendered

strikingly turbid, white, and opaque, especially in the sulci along
the vessels, and often on the surface of the gyri also. Most fre-

quently the seat of the disease is in the anterior portions of the

cerebrum, in other words the frontal, central, and parietal lobes,

the other lobes being much less affected, and some parts escaping

altogether. Cases however occur in which other portions, such as

the temporal lobes, are those most markedly altered.

The most striking textural change is the cellular infiltration,

principally of the pia mater (Fig. 247 A), and to a less degree of

the subarachnoid tissue (6). This is .in general accompanied by
more or less extensive fibrous hyperplasia of these structures. In

the later stages accumulations of round-cells (i^), of red blood-

corpuscles, and of brown or yellow pigment (i2), are apparent in

the adventitial sheaths of the cortical blood-vessels, and sometimes
even of those supplying the white matter.
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The cellular exudations are never uniformly distributed, but
vary much even within the tissue of the pia mater. In the cortex
comparatively few vessels are surrounded by aggregations of cells,
and in the white matter the foci of infiltration are usuallv few and
scattered. Some of the vessels, moreover, exhibit hyaline thick-
ening or fibrous hyperplasia of their adventitial coats. The
nerve-substance shows the changes described in Art. 118.

The aetiology and mode of origin of chronic meningo-enceph-
alitis is as yet imperfectly understood. As hereditary predispo-
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Fio. 247. CHRONIC MENINOO-ENCEPHALITIS WITH ATROPHY OF THE CERKBRAI. CORTKX.

(Preparation hardened in Miller'* fluid and alcohol, gtainrd with haemawxylin, a*d
mounted in Canada balsam : X ISO)
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sition on the one hand, and on the other severe mental exertion

and exciting or exhausting influences of every kind, may demon-

strably act as antecedent conditions of the affection, infective

agencies would seem in many cases to be inoperative in its causa-

tion. Infection can thus be assumed as a cause only when the

process is immediately consequent on undoubtedly infective dis-

FIG. 248. CHRONIC DISSEMINATED TUBERCULOUS MENINGO-ENCEPHALITIS.

(Preparation hardened in Mailer's fluid and alcohol, stained with alum-carmine, and
mounted in Canada balsam : X 10)

A cortical grey matter
B white matter
C meninges
a conglomerate mass of firm fibro-cellu-

lar tubercles in the arachnoid tissue
6 conglomerate mass of tubercles in the

cerebral cortex
c small tubercle in the pia mater
d mature solitary tubercle in the sub-

arachnoid tissue

e circumscribed cellular infiltration

round the vessels of the cortical

substance (early stage of a tubercle)
/ cellular infiltration of pial sheaths of

cortical vessels

g <7i longitudinal and transverse section of
an artery

h diffuse fibro-cellular thickening of the
subarachnoid tissue

eases, such as cerebro-spinal meningitis, typhoid fever, erysipelas,
articular rheumatism, or syphilis. Even in these cases the second-

ary affection is just as likely to be due to disorders of nutrition

consequent on or induced by the previous disease.
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Most cases of chronic meningo-encephalitis would thus appear
to be in their inception mainly dependent on degenerative changes
set up by excessive functional activity or due to disorders of cir-
culation and nutrition (Art. 113).

Chronic leptomeningitis is occasionally combined with internal

proliferous pachymeningitis (Art. 128).
125. Tuberculosis of the internal meninges is, in most cases,

of metastatic origin, though the disease may also extend by con-

tinuity from neighbouring tissues, such as the cranial bones and
the dura mater, and thus involve the arachnoid and the pia mater.

When tubercle-bacilli in large numbers enter with the arterial
blooB the vessels of the pia mater, disseminated miliary tuber-
culosis is induced, and is manifested by the eruption of grey
tubercles (Fig. 248 c d e). Most of these are seated in the me-
ninges ((7), but a few appear also in the cortex and white matter

(4 B}. The tubercles lie chiefly in the vessel-walls, and consist

essentially of cellular thickenings of the walls themselves (Fig.
209/). In the brain itself the accumulations of cells may at tirst

be limited to the pial sheaths (/) ; later on they extend to the
cerebral parenchyma.

Disseminated metastatic tuberculosis of the central nervous sys-
tem usually pursues a rapid course, and terminates fatally in a few
weeks. Along with the eruption of tubercles diffuse inflammatory
exudations make their appearance (Fig. 209 g) ; these are some-
times aero-purulent or fibrino-purulent, and infiltrate not only the

meninges, but the nerve-substance itself, or collect in the cerebral

ventricles. The process might thus be fitly described as tubercul-
ous meningo-encephalitis. The inflammation is apt to extend
from the pia mater to the external strata of the brain-substance

and lead to swelling and disintegration of the nerve-fibres and

ganglion-cells. Cellular infiltration of the cerebral nerves as they
leave the base, with swelling and degeneration of their axis-cylin-
ders and medullary sheaths, is not uncommon. It is only in rare

and chronic cases that there is no or but little diffuse exudation, if

the eruption of tubercles is at all abundant.

When the disease invades the choroid plexuses within the ven-

tricles, tubercles and turbid exudations make their appearance, and

the ventricles are distended, sometimes to a remarkable extent,

with a more or less purulent effusion. The brain may thereby be

so-,compressed that the convolutions are flattened and the sub-

arachnoid liquid is displaced, so that the surface of the arachnoid

appears abnormally dry.
As a rule the tubercles in the pia mater rapidly undergo casea-

tion, and only in rare and chronic cases (Fig. 248) are tubercles

developed that resemble the familiar large-celled nodules of the

lymph-glands.
Metastatic tuberculosis is most frequently met with in the basal

region supplied by the arteries entering the sylviau fissure, and

2o.
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is usually bilateral : in some instances, however, the eruption is more
marked on one side than on the other, and cases are not rare in

which one side only is involved.

If the bacilli enter the region supplied by those arteries which

pass from the sylvian fissure to the surface of the brain, more
or less extensive unilateral or bilateral tuberculous meningitis of

the convex aspect is induced. The arteries of the median plane
of the cerebrum, occipital lobe, cerebellum, medulla oblongata, and

spinal cord may be involved alone, or in combination with the

arteries of the sylvian fissure ;
their participation in the tubercul-

ous process is indeed by no means uncommon.
When the tubercle-bacilli enter the region supplied by only a

single branch of one of the meningeal vessels, but few tubercles

FlQ. 249. LARGE SOLITARY TUBERCLE OF THE CEREBELLAR PIA MATER.

( Vertical section : natural size)

a cerebellum d grey cortical zone with yellowish-white
b dura mater adherent to the tubercle nodular enclosures
c laminated tubercle

are formed in the first instance. But as the patient does not in

general die at once, the tubercles become aggregated into larger
masses, and form either extensive foci occupying the sulci

especially, or rounded nodes of the size of a walnut or even of a

hen's egg or larger, commonly known as solitary tubercles (Fig.
249 <?). The centre is usually yellowish-white, cheesy, sometimes
firm and dense, in other cases softer and often more or less difflu-

ent ; only in rare instances is it partially calcified. The nodes are

marked off from the surrounding tissue by a greyish-red or grey
and translucent zone of granulations (rf), which not infrequently
contains typical tubercles. From the brain-substance .they are

either clearly defined or pass gradually into it, and sometimes they
are adherent to the dura mater. At the periphery of the solitary
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tubercle the connective elements of the nerve-tissue often pass
into a state of active proliferation, and produce dense tibro-
cellular tissue.

Solitary tubercles of the pia mater affect the surrounding
tissue by pressure (Fig. 249 a) and by impeding the circulation
of blood and lymph. The other portions of the central nervous
system may be entirely free from tubercles ; but it not uncom-
monly happens that bacilli escape from the solitary tubercles and
lead to the formation of disseminated meningitic nodes, as well as
to diffuse meningitis. It is moreover not impossible for renewed
infection of the blood to take place, for example, by rupture into
the fransverse sinus, and in this way metastatic miliary tuber-
culosis may be superinduced.

Tuberculosis which develops in the central nervous organs
owing to conveyance of the virus from the adjacent structures

naturally depends, as to its situation and distribution, on the posi-
tion of the starting-point. Tuberculosis of the petrosal bone
extends, as a rule, to the temporal lobe and the base of the frontal

lobe. Once these parts are infected, the characteristic nodules
form in varying numbers about the seat of infection, and these

may in the course of time become aggregated into larger masses.
Disseminated tuberculosis is superinduced by the diffusion of the

bacilli through the cerebro-spinal lymphatics.

References on Tuberculosis of the Internal Meninges.

vox CAMPE : Meninyit. u. meningoencephalit. Process Tubingen 1882
HOCHK: Tuberculosis of the central nervous system A.f. Pxijch. xix 1887
HUTTKNBRKNNER: Changes in the cerebral cortex in tuberculous inflammation

of the pia mater Prog. Z.f. HeilL vin 1887
RAYMOND: Various forms of tuberculous leptomyelitis Rtc. <le ntt'tl. vi 1886
RiNDKLEiscit : Miliary tubercle I'. A. 'JJ 1862
SCHUI.T/K: Tuberculous cerebro-spinal leptomeningitifl I'. .1. 081876
VlRCHOW : Krnnkhnfte f~je*ch>ciilst? II 1869

126. Syphilis of the central nervous system usually makes
its appearance some years after the disease has become constitu-

tional, that is to say, at the same time as the so-called tertiary

symptoms ; it rarely supervenes in the stage of secondary symp-
toms. The characteristic morbid change is the formation of cir-

cumscribed inflammatory nodes or gummata, which are usually
situated in the meninges and the cortical stratum of the brain or

of the cord, rarely in the interior.

Their formation begins with circumscribed inflammation in the

pia mater and subarachnoid tissue, which is soon followed by the

development of a greyish or greyish-red semi-translucent or

gelatinous patch of granulation-tissue (Fig. 250). In the earlier

stages this tissue is highly cellular (<f), and contains a varying
number of new-formed blood-vessels. As the process advances
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some of the granulation-tissue usually becomes fibro-cellular (c?j),

and some undergoes caseation (c?2).

In cases of severe inflammation of the pia mater the contigu-
ous brain-substance never escapes, the morbid process extending to

the cortex not only along the pial sheaths (/j) of the vessels, but

also directly (#).
Arterial branches (e) within the inflamed region are likewise

involved, the adventitia, and the media and the intima also, becom-

ing the seat of an inflammation characterised according to the

FlG. 250. GUMMATOUS SYPHILITIC MKNINGO-ENCEPHALITIS.

(Preparation hardened in Mailer's fluid and alcohol, stained with alum-carmine, and
mounted in Canada balsam : X 15)

a cerebral cortex
6 internal meninges
c vein surrounded by cellular infiltration
d recent cellular granulation-tissue
di fibro-cellular granulation-tissue
d-2 caseous granulation-tissue
e artery with greatly thickened intima

and adventitia infiltrated with cells

/ cellular infiltration of the pial sheaths
of the cortical vessels

fi circumvascular cellular infiltration of

the cortical substance

g diffuse cellular infiltration of the cere-

bral cortex

stage of the process either by cellular infiltration and prolifera-

tion, or by nbro-cellular hyperplasia. The intima is in gen-
eral the most affected (e), the hyperplastic thickening which it

undergoes being often so considerable that the lumen of the vessel

is greatly diminished, and sometimes even obliterated. Oblitera-

tion results as a rule when thrombosis is superadded to the endar-

teritic thickening.
The gummatous nodes may be either single or multiple, the

single nodes being sometimes very small. Indeed, the specific in-
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flammation and proliferation may be practically limited to certain
spots on the vessel-wall, and these give rise to the thickening j,,st
referred to. More frequently, however, larger nodes are formed,
and to these the term gumimitu is usually restricted. They ex-
tend over the surface of the brain, chiefly along the sulci,' and
their form is moulded accordingly. In the sylvian fissure they
are elongated; at the base and in the cord they form flattened

patches of various shapes. In rare cases the inflammatory infil-

tration of the membranes at the base of the brain is more diffuse
and indefinite.

If the inflammation extends deeply into the cerebral substance,
the node gradually assumes a rounded form, and occasionally
grows to the size of a walnut ; its external boundary, however,
usually remains irregular. This is also apt to be the case with
nodes developing ab initio in the interior of the brain. The very
smallest foci are doubtless capable of re-absorption, but the larger
nodes generally become indurated and in part caseous. When
caseation takes place at several points within a node, its section

appears mottled with grey and yellow, until by coalescence of the
caseous spots the whole of the central portion becomes uniformly

yellow.
The induration generally accompanies the caseation, but in

some cases it takes place without the latter. It gives rise to

cicatricial thickening of the meningeal tissue, often also to adhe-
sions with the adjoining parts of the dura mater. When the

gummatous node has already undergone partial caseation, the

cicatrices enclose cheesy masses.

The tissue of the brain and cord naturally perishes within

the region of the specific inflammation. Ischaemic and haemor-

rhagic softening of the surrounding tissue is often superadded ;

it is consequent on the local disturbance of circulation caused

by arteritis and mechanical compression. In some cases these

degenerative processes are very wide-spread and intense. Nerves
included within the focus of inflammation become infiltrated, and
at a later stage are so surrounded and permeated by dense hyjier-

plastic connective tissue that they atrophy and disappear.

References on Syphilis of the Internal Menimjes.

BAL-MOAKTEN: Syphilitic arteritis V. A. 731878. 70 1879. s{ 1881, and 111

1888
BIEKFUKUXD: Hereditary syphilis of the central nervous system Zitgler't

Beitraye ill

BuAtrs: Die Hirnsypliills Berlin 1873
BUTTERSACK: Syphilis of the central nervous system A.f. Ptych. xvn 1886

(with references)
FOURNIER : La syph. du cerreau Paris 1879, and Lemons sur la sy/ih. 2nd edition

Pai-is 1881
HKfMXK.it: .1. <1. Heilk. xi 1870; Die luet'uchc Erkrankung der Hirnarterien

J^ipzig 1874
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ILBERG: Gummata of the corpora quadrigemina A.f. Psych, xxvi 1894 (with
references)

JOFFROY and LETIENNE : Cerebral syphilis A. de me'd. exp. in 1891
KAHLEK: Multiple syphilitic neuritis of the nerve-roots Z.f. Heilk. vm 1887
OPPEXHEIM: Zur Kenntn. d. syph. Erkrank. des Cenlralnervensystems Berlin

1890
PICK: Cerebrospinal syphilis Pray. Z.f. Heilk. xm 1892
RUMPF : Die syphilitischen Erkrankunaen des Nervensystems Wiesbaden 1887
SIEMERLING : Congenital cerebral and spinal syphilis A.f. Psych, xx 1888;

Syphilis of the central nervous system ibidem xxn 1890.
STOEBER : Des accidents me'ningitiques de la syph. here'ditaire Paris 1891
VIRCHOW: V. A. 15 1859, and Die kra.nkha.ften Geschwiilste n 1869
WESTPHAL: Allg. Z.f. Psych, xx 1863, and Charitc-Annalen i 1876

127. The tumours of the internal meninges of the brain, of

the choroid plexuses, and of the ependymal lining of the ven-

tricles, belong for the most part to the group of connective-tissue

growths ;
but epithelial tumours (carcinomata) are also met with.

In the first place, there is a group of endothelial tumours
classed with the sarcomata and taking the form of soft nodes, or

less frequently of expanded superficial growths. Cases occur in

which the endothelial neoplastic growth extends over the entire

central nervous system (Fig. 251), leading to thickening and
whitish turbidity of the meninges, and at the same time invading
the substance of the brain and cord along the course of the pial
sheaths of the vessels.

The cut surface of the endothelial sarcoma is marrowy, grey-
ish-white or greyish-red, sometimes rather gelatinous, very seldom

pigmented or melanotic. The growth starts in the adventitia of

the vessels (Fig. 251 /^r A), and partly also in the endothelium

(d e) which covers the fibrous strands of the arachnoid, of the

subarachnoid tissue, and of the pia mater. The newly-formed
cells usually attain a high degree of development, and resemble

in appearance the polymorphous epithelioid cells of carcinomatous

growths. As moreover they lie embedded in a stroma formed
from the meningeal tissue, and are grouped in dense masses within

its meshes, they are classed with the alveolar sarcomata or alve-

olar endotheliomata (Fig. 251).
The existing records seem to show that this form of sarcoma

is that most frequently met with in the internal meninges ; but

cases of ordinary sarcoma, myxosarcoma, and myxoma have been

observed, and angiosarcoma, angiomyxoma, and angiomyxosarcoma
are not unknown (Art. 104).

Fibromata, lipomata, chondromata, and osteomata are very
rare ; they have been noted in the meninges and in the ven-

tricular plexuses, and form small nodular and lobular tumours,
which compress and thrust aside the underlying cerebral and

spinal substance.

Another rare tumour of the internal meninges is composed
essentially of a dense fibrous stroma, enclosing large cystic cavi-
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ties filled with lymph. It has a certain resemblance to connective

tissue in a state of intense oedema, but in distinguished from this

by the presence of abundant fibrous hyperplasia, which marks it

off sharply from the surrounding tissue and forms in its interior

comparatively stout and broad intercvstie septa. The growth is

therefore a neoplasm, and might be described as cystic lymphan-

gioma or cystic fibroma.

An excessive development of the normal 'brain-sand' is very
often observed in the ventricular or choroid plexuses, which

thereby become perceptibly enlarged and acquire an opaque

whitish appearance. Calcareous concretions are apt to l>e formed

in meningeal tumours in combination with calcification of the

vessels. When such calcareous deposits form a prominent com-

ponent of the tumour, it is called a psammoma (Fig. 255).
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The concretions take the form either of stratified spherules or

of needles and jagged or cactus-like bodies.

Carcinoma makes its appearance in the ventricles in the form
of soft tumours (Fig. 252 a), usually connected with the plexuses,
and originating from their epithelial lining, or more rarely from
the ependymal epithelium. The nests of cancer-cells embedded
in a fibrous stroma are of the cylindrical type. The vascular

fibrous stroma sometimes grows out into papillae, and the tumour
then assumes a papillomatous character (Fig. 253).

If, as not infrequently happens, the stroma undergoes mucoid

degeneration (Fig. 253 b c Cj), the tumour takes on a very peculiar
structure. The mucoid contents of the papillae become swollen,

-.2

Via. 252. PAPILLOMATOUS CARCINOMA OF THE CHOROID PLEXUS.

(Frontal section through the third ventricle : reduced to two-thirds of the natural size)

a tumour with cysts / left optic thalamus
6 right optic thalamus
c right lenticular nucleus
d right internal capsule
e right lateral ventricle

g left lenticular nucleus
h left internal capsule
i enlarged left lateral ventricle

and the latter undergo a cystic transformation (Fig. 252 a and

Fig. 253 d), being separated from one another only by strings
of epithelial cells (e), which thus form a kind of cellular stroma

for the cysts excavated in the connective tissue. Within the

cellular clusters epithelial pearls are sometimes developed (Fig.
253 A), which closely resemble the corresponding bodies formed

in cancerous tumours of the skin, and present a striking contrast

to the cylindrical cells of the growth.
The tumour is usually confined to the ventricle, and causes

compression and displacement (Fig. 252 / g A) of the adjacent
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cerebral substance, with ventricular dropsy (i). It may however
invade the adjoining portions of the brain', and lead to the forma-
tion of secondary growths in the deeper parts of the ormin
(SPAET).

The mode of origin of the pearly tumour, or cholesteatoma,
is not yet thoroughly understood. This growth is chnrai-U'rised
by the presence in it of white pearls with a silky lustre. It is
met with chiefly in the basal meninges, in the neighbourhood of
the posterior and anterior transverse fissures ; but it may apjieur
in the interior of the brain also. The growths are solitary and
surrounded by a fibrous capsule, or multiple, in the form of
lustrous nodules and nodes seated loosely in the pia mater or

Fio. 253. PAPILLOMATOTTS CARn.voMA WITH OKLATINOI-S DKCKNERATION or THE
STROMA FROM THK CHOROin M.KXU8.

(Preparation hardened in Mfilter's fluid and utaineil tcith alum-carmine : X 25)

a vascular fibrous stroma
b papillae of connective tissue which have

undergone partial inucoid degenera-
tion

c papillae which have undergone com-

plete mucoid degeneration, coagulated
in the process of hardening

ci hyaline masses
d cysts formed from the degenerate

stroma with contents coagulated
in a reticulate fashion

e inter-papillary strings of cells

/ inter-papillary nests of cells

A pearly bodies

brain. The soft white mass of the growth consists mainly of

epithelial scales, resembling the horny epidermis of the skin.

Most authorities assume that the cells are of endothelial origin;
but it seems more likely that they originate in the epiblast, and
are indeed derived by descent from anomalous or misplaced

epithelial cells. The fact that in rare cases the
growths

con-

tain minute hairs is in favour of this supposition (ZiEGLER).
Intracranial dermoid cysts are 011 the whole rare. They

are usually seated in the membranes, but sometimes penetrate into

the cerebral substance.



458 THE PIA MATER AND ARACHNOID [CHAP. XLIV

Among the secondary tumours of the meninges all forms
that are liable to metastasis have been described. It is worth

noting that they sometimes spread freely in the subarachnoid

spaces.
Of animal parasites Echinococei and Cysticerci are met with

in the meninges. The former give rise to small or large and

single or multiple hydatid cysts, which compress the cerebral sub-

stance and occasionally induce softening of the surrounding tissue.

Gysticercus (the cystic stage of Taenia solium) appears either

in the ordinary form of a bladder of the size of a pea, with a scolex

or immature head, or as Cysticercus racemosus. The latter takes

the form of large lobulated vesicles, usually sterile, with a cluster

of internal and external daughter-cysts surrounding the parent-

cyst like a bunch of grapes. It sometimes induces proliferous

hyperplasia in the surrounding tissue.

In the ventricles minute granular prominences are at times observed on
the ependyma, which are simply compact fibriiious deposits permeated by
formative cells and blood-vessels, and so partially organised after the manner
of a thrombus.

References on Tumours of the Internal Meninges.
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CHAMBARD : Primary carcinoma Encephale i 1881
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CHAPTER XLV

THE DURA MATER, PIXEAL GLAND, AND PITUITARY BODY

128. The dura mater is a stout fibrous membrane, with a
tendinous lustre, closely adherent to the inner surface of the

cranium, and serving as its internal periosteum. It is accord-

ingly liable to all the morbid changes that affect the periosteum
of other bones. Certain special changes arise from its connexion
with the central nervous system, and these require separate con-

sideration.

In the first place the dura mater is frequently the seat of an

inflammatory process known as chronic internal pachymeningi-
tis, the result of various injurious agencies, whose exact nature is

not fully understood. The inflammation is usually haematogen-
ous, and in many cases is not associated with any inflammation of

the internal meninges ;
it is, however, apt to accompany inflam-

matory conditions in the contiguous bones. It is sometimes
unilateral and circumscribed, or it may be bilateral and dissemi-

nated in multiple patches, or generally diffused over the entire

cranial surface.

The first morbid sign is the appearance of very thin fibrinous

deposits on the internal surface of the membrane ; these consist

essentially of films of granular, fibrillar, or homogeneous fibrin,

containing a few round-cells. After a time the films become

pervaded by living cells and new-formed vessels growing as off-

shoots from the dural capillaries. A delicate fibrous tissue is

thus elaborated, which lines the dura mater as a semi-transparent
false membrane, with wide well-filled vessels.

The new-formed vessels have very thin walls, and are particu-

larly prone to bleed, the slightest disturbances of the circulation

apparently sufficing to set up haemorrhage by rupture or diape-
desis. The consequence is that pachyineningitic false membranes

nearly always contain recent extravasations and pigmented de-

posits, testifying to past haemorrhage : this peculiarity has led to

the affection being described as haemorrhagic pachymeningitis.
The extravasations are usually small, but now and then they are

so extensive that they partially separate the false membrane from
the dura mater, and form blood-cysts or haematomata, which
exert more or less pressure on the brain. If the cyst gives way,
blood will of course be effused into the subdural space.
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Once the inflammation lias begun, it seldom attains to com-
plete resolution and recovery. The extravasatecl matters are by
degrees re-absorbed, but if they are at all abundant the process is

very slow and often imperfect, and the continued presence of the

disintegrated blood keeps up an irritation that induces renewed
inflammation. New exudations and new false membranes are
thus produced, and at length a dense scar-like tissue results, which
contains masses of pigment, residues of blood and fibrin, and cal-

careous deposits. Sometimes after resorption of a large extrava-
sation a collection of liquid appears in its place between the dura
mater and the cicatricial membrane ; this has been called hygroma
of the dura mater, or partial pachymeningitic hydrocephalus.

In older, denser, and more fibrous membranes, containing few
cells, some of the vessels are gradually occluded by contraction ;

but such obliteration does not bring the process to an end, for

other parts remain highly vascular, and fresh haemorrhages keep
up and renew the inflammation.

Pachymeningitic membranes do not usually adhere to the

underlying tissues ; but sometimes fairly firm union takes place
between them and the arachnoid, and then new-formed blood-

vessels pass from the false membrane into the internal meninges.
There is also a chronic external pachymeningitis, in which

the inflammatory changes are practically limited to the outer strata

of the dura mater, and are associated with thickening of the mem-
brane and resorption or hyperplasia

of the bone. Moreover,
the dura mater is frequently inflamed as the result of traumatic

injury, or by extension of inflammations from the adjacent struct-

ures. Thus a cut or stab of the skull, which becomes infected

with septic matter and suppurates, not infrequently gives rise to

purulent pachymeningitis, and the like is apt to follow suppura-
tion of the internal ear, of the petrous portion of the temporal
bone, or of the orbit. In such cases the dura mater assumes a

yellowish-white or greyish-yellow tint, and when haemorrhage

accompanies the injury or disease it becomes dirty-grey, greyish-

green, or brown.

Eruptions of tubercle in the dura mater are induced as

metastases from tuberculous leptomeningitis or tuberculosis of

the cranial bones. In some instances disseminated grey tubercles

make their appearance on the internal surface, in others pachy-

uiuiiingitic membranes containing tubercles, or fungous growths,
or caseous nodes, are produced. Caseous nodes are chiefly the

result of tuberculous bone-disease, and may be seated on either

surface of the dura mater, or in its tissue.

Syphilis gives rise to foci of cellular infiltration, or to granu-
lomatous growths, ending in cicatricial. thickenings, that not in-

frequently enclose patches of caseous matter. When the process

invades the arachnoid and pia mater, these tend to become adhe-

rent to tin- dura mater.
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The majority of the tumours affecting the dura mater belong
to the group of sarcomata. Spindle-celled sarcoma is the com-
monest ; the round-celled and polymorphous-celled varieties are

rarer. Alveolar sarcoma and endothelioma are also met with,
the latter being characterised by the formation of nests and

strings of cells (Fig. 254 c d~) embedded in a fibrous stroma (a).
Endotheliomata form solitary or multiple growths, flattened

or raised on a stalk like a mushroom (fungus of the dura mater),
from the size of a pea to that of an apple, which project inwards
and depress the underlying brain-surface into pit-like excavations.

When they grow on the outer surface of the membrane they are

FIG. 254. ENDOTHELIOMA OF THE DURA MATER.

(Preparation hardened in Miiller's fluid, stained with haematoxylin, and mounted in
Canada balsam : x 25)

a fibrous stroma e fatty degeneration of a cellular mass
6 group of round-cells / mass of endotbelial cells, on the right
c nests and strings of cells derived from side passing gradually into the fibrous

the endothelium of the lymphatics stroma
d tubular tract of endothelial cells

apt to penetrate the bone, causing it to atrophy and ultimately
to give way and rupture. At their point of origin from the

membrane they send out pseudopodial processes into its tissue, in

the form of cellular strands that seem to force their way between
its tough fibres, or to grow out from them. These strands of

cells are derived from the endothelium of the lymphatics (c?),

whose course they follow and often mark out in a recognisable

way by the mode of their configuration.
Excessive vascular development within a sarcoma leads to the

formation of telangiectatic tumours. Calcification of the capillary
vessels, and the formation of concretions in the shape of spherules,
needles, and jagged fragments (Fig. 255 a I c d e) sometimes give
the sarcoma the characters of a psammoma.
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Fibromata are rare, but they do occur in all parts of the dura
mater, and form rounded tumours. Lipomata are very rare.

Osteomata appear chiefly in the cerebral dura mater, and with
special frequency in the falx cerebri. They usually take the form
of irregularly-shaped plates of bone with spinous and ridge-like
processes.

FIG. 2.">5. SECTION FROM A PSAMMOMA OF THE DL*RA MATER.

(Preparation hardened in alcohol, decalcified icith picric acid, and stained icith tmnna-
tojcylin and eosin : X 200)

a hyaline nucleated spherule enclosing a
calcareous concretion

6 calcareous concretions surrounded by
hyaline denucleated substance and
enclosed in fibrous connective tissue

concretion enclosed in hyaline connec-
tive tissue

calcareous needles in the connective
tissue

needle containing three concretions

About the back of the sella turcica and basi-occipital (or

clivus) small gelatinous tumours known as ecchondromata (or

chordomata) are not uncommon ; in texture they resemble the

notochord, and it is therefore probable that they originate in some
belated residues of this embryonic structure.

Of secondary tumours carcinoma is that most frequently met
with in the dura mater.

References on Proliferous an<l Haemorrhatjic Pachymeningiti*.
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PAIT.US : Verkalkung und Verknocherung d. Hiimatomes der Dura mater Erlangen
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SPERLING : Cent./, med. Wi*s. no. '_> 1871
THOMSON : Chronic external pachynieningitis Jonn>. of Path, n 189

VIRCHOW: Haematoma of the dura mater Wilrzbitrg. Verhandl. 1856
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References on Tumours of the Dura Mater.
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129. The hypophysis cerebri or pituitary body is seated in

the sella turcica, and is composed of two lobes ; the anterior con-

sists of a fibrous stroma enclosing numerous round and oval folli-

cles filled with epithelial cells, the posterior chiefly of vascular

connective tissue enclosing fusiform and stellate cells some of

which are pigmented. At the junction of the two lobes the tissue

is very vascular, and contains cavities lined with ciliated cylindri-
cal epithelium (WEICHSELBAUM).

Cystic degeneration and hyperplastic overgrowth of the ante-

rior lobe are the commonest changes, the cysts usually containing
colloid masses. This transformation is known as adenoma or

struma of the pituitary body, and the growth sometimes reaches

the size of a pigeon's or even of a hen's egg. It protrudes more
or less from the sella turcica, presses on the adjoining brain-sub-

stance, or even projects into the ventricles, and causes atrophy of

the underlying bone.

In some cases of acromegaly the pituitary body has been
found post mortem to be considerably enlarged : it has indeed been
maintained that such enlargement is correlated with the char-

acteristic hypertrophy of the hands, feet, and jaw (Art. 50), as

myxoedema is with disease of the thyroid gland.

According to WEICHSELBAUM, the ciliated epithelial cavities

are very apt to undergo cystic degeneration. The contents of the

cysts consist of homogeneous or granular matter secreted by the

epithelial cells. The cysts with granular contents are lined with
ciliated epithelium.

After adenoma the commonest tumours are carcinoma and

sarcoma, which also take the form of nodose growths. WEICH-
SELBAUM has described a pair of small lipomata in the posterior

lobe, and WEIGERT a teratoma.
Inflammation of the hypophysis may be associated witn inflam-

mation of the neighbouring parts : tubercles and gummata have
been observed (WEIGERT) only in rare instances.
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The pineal gland consists of fibrous tissue enclosing a num-
ber of rounded follicles, each of which contains a cellular reticulum,
rounded cells with slender tapering processes (ToLirr), and a

quantity of brain-sand.

The most frequent pathological changes observed in this organ
are abnormal increase of the brain-sand (psaminoma), hyperplastic
enlargement, and cystic degeneration. Haemorrhage into the
substance of the gland may lead to the formation of a haematoma.

Tumours of this organ are very uncommon.
The pineal gland may participate in inflammations of neigh-

bouring structures.

References on Affections of the Hypophysis or Pituitary Body.
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CHAPTER XLVI

STRUCTURE OF PERIPHERAL NERVES
^

130. The peripheral nervous system is composed of nerves
and ganglion-cells, together with the special terminal structures
in which the nerves end. The nerves consist essentially of med-
ullated and non-medullated nerve-fibres, which are prolongations
of the polar processes of the ganglion-cells. Some of these cells are
situated in the cord and medulla oblongata, but others are inter-
calated in peripheral parts of the sympathetic system, where the

groups of nerve-cells occur that are known as sympathetic ganglia.

The medullated nerve-fibres are long cylindrical structures, whose c*n-
tral axis is occupied by the axis-cylinder. The latter is surrounded \>y the
medullary sheath, consisting of inyelin which during life is homogeneous,
and this in turn is enclosed in a delicate connective-tissue envelop, the primi-
tive sheath, neurilemma, or sheath of Schwann. The medullary sheath is

at intervals interrupted, the axis-cylinder being then surrounded only by the
sheath of Schwann (Ranvier's nodes): it is generally assumed that these
nodes subserve the nutrition of the axis-cylinder. The nerve-fibre is in this

way divided into segments of from one to two millimetres in length, each one
of which contains a nucleus situated approximately in the middle anil close to
the sheath of Schwann, and around the nucleus a thin layer of protoplasm
is spread on the internal surface of the sheath. External to the sheath of
Schwann is a fibrillar sheath (AXEL KKY and RKT/IUS) which also contains
nuclei and a small quantity of protoplasm.

The non-medullated nerve-fibres possess no other covering for the axis-

cylinder than the sheath of Schwann. with nuclei included in it at intervals.

Medullated and non-medullated nerve-fibres are united into nerves of differ-

ent thicknesses. Those that have their origin in the brain and cord contain

chiefly medullated fibres ; in the nerves of the sympathetic system the non-
medullated fibres predominate. The smaller nerves consist of a simple bundle
of nerve-fibres

;
the larger trunks contain a variable number of such bundles or

fasciculi.

Each fasciculus is surrounded by a fibrous envelope termed the perineu-
riurp. When several bundles combine to form a nerve-trunk, tlm also is

surrounded by a perineurium, while the bundles themselves are bound together

by loose connective tissue, often containing fat-cells, and known as the epineu-
ritim. The endoneurium consists of delicate fibrous septa passing from the

perineurium of each bundle into the interior, and uniting the nerve-fibres into

froups,
while the finest processes pass into these and surround the individual

bres. The blood-vessels of the nerve-trunk run within the fibrous frame-

work. At the peripheral end of each nerve-fibre the axis-cylinder breaks up
into its primitive fibrils, and these form connexions with the terminal organs.



470 DEGENERATION OF NERVES [CHAP. XLVII

CHAPTER XLVII

DEGENERATION AND INFLAMMATION OF NERVES

131. The fibres of the peripheral nerves are very frequently
the seat of degenerative changes which often lead to their total

destruction, and in other cases give rise at least to permanent
atrophy of the affected nerve-elements. In so far as these pro-
cesses run their course without inducing other changes in the

nerves, they might be described as instances of simple degenera-
tion

;
but when they are complicated with inflammatory exudation

and hyperplasia of the connective tissue, or when they originate in

an inflammatory affection of the latter, they must be reckoned as

of the nature of neuritis. 13y many writers simple degeneration
is termed parenchymatous neuritis, while neuritis proper is dis-

tinguished as interstitial neuritis. Degeneration and inflamma-
tion of the nerves cannot be separated by any sharp distinction,
inasmuch as on the one hand inflammatory changes often give
rise to wide-spread degeneration, and on the other hand degenera-
tion, in the later stages of its course, may induce signs of inflam-

mation. The term neuritis is for this reason frequently applied
to degenerative affections.

In the first place, nerves undergo extensive degeneration after

section, the distal portion of the polar process thus separated
from its nerve-cell degenerating throughout its entire length,
while the proximal portion undergoes degenerative atrophy for

a short distance only.
Even in the first few days after section the internodal seg-

ments of the medullary sheath throughout the whole of the distal

portion become less refractive and appear turbid, while by the

end of the third day deep indentations make their appearance in

the sheath of Schwann and in the medullary sheath, owing to

commencing segmentation of the latter. From the fourth to the

sixth day the medullary sheath coagulates into large drops of

myelin (Fig. 256 6) between the indentations. This leads in

the course of a few days to the formation of masses of detritus,

consisting of drops and granules of various sizes. By and by the

detritus is absorbed by migratory leucocytes, and fat-granule cells

are thus produced ; but the process may last weeks or months
before all the products of disintegration have disappeared.

Soon after the medullary sheath has begun to degenerate, the
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J. *-*

point of section.

axis-cylinder can be no longer, or at best very imperfectly, dis-

tinguished (Fig. 256 a), and it is presently destroyed altogether,

partly by swelling and vacuolation, partly by disintegration into

small fragments (Fig. 257 c). According to (IKSMLKK, the den-
dritic terminal ramifications of the nerve within the muscles also

disappear.
In a clean aseptic wound dividing the nerve, only a small por-

tion of the central or proximal part of the trunk degenerates, the

process ceasing at the first or second Ranvier's node above the

Certain fibres degenerate for a greater distance,
but only when inflammation or other

injury, such as crushing, complicates
the process. It must, however, be

noted that in course of time some of

the fibres in the central portion of the

nerve become attenuated, the medul-

lary sheath in particular being liable

to atrophy.

FIG. 256. DEGENERATION OF THE SCIATIC NKRVE.

(Six days after section .- preparation hardened in Flemming's acid solution, and stained

with saffranin : X 300)

> a remains of the axis-cylinder
c sheath of Schwann

6 disintegrated medullary sheath

FIG. 257. ADVANCED DEGENERATION OF THE MOTOR .EVE* i*r A CAS. OF ATROFHY

OF THE ANTERIOR HORNS OF THE SPINAL Cl

(Preparation hardened in Wilier', fluid, treated with perotmic acid, and teamed out in

glycerine : X 250)

a sheath of Schwann * ^SSS^
b axis-cylinders with adherent drop, of

B$tar^to wfthto th. .heath of

myelin
"*

fchwann
c disintegrated axis-cylinders
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Severe crushing and stretching have an effect very similar to

that of section, and so also has continued compression, such as is

occasionally caused by tumours, by the contraction of scar-tissue,

by inflamed lymph-glands, and the like. The interruption of con-

ductivity does not, however, at once involve all the nerve-

bundles, but rather tends to take place successively in the several

strands.

Diseases of the anterior horns of the spinal cord and of the

motor roots that cause destruction of the motor ganglia or nerve-

fibres are followed, as in the case of section, by degeneration
of the peripheral part of the nerve-tracts ; but when the destruc-

tion of the nerve-cells is gradual the atrophy of the nerve-fibres is

not so rapid, the me-

dullary sheath wastes
more slowly (Fig.
257 5), and within the

same bundle we may
find fibres that are

sound and others that

are in different stages
of atrophy (Fig.
257 * y or altogether

degenerate. In some
of the fasciculi every
fibre may be disin-

tegrated.

Haematogenous
degeneration and in-

flammation of the

nerves are due in some
cases to infection or

poisoning, in others to

simple disorders of cir-

culation and to haemo-

rrhage, in others again
to insufficient nutri-

tion dependent on general anaemia, cachexia, or narrowing of the

arteries. The mode of origin of the degeneration in a given case

is, however, often uncertain. Single or multiple neuritis or de-

generation associated with typhus fever, variola, typhoid fever,

diphtheria, influenza, tuberculosis, and the puerperal state, is

probably due partly to autogenetic poisoning and partly to defi-

cient nutrition of the nerves ; in some cases it may be due to a

local action of the specific infection concerned.

Degeneration of the motor nerves and the muscles from lead-

poisoning is probably due to the direct toxic effect of the lead ;

but disturbances of the circulation caused by simultaneous disease

of the vessels has perhaps a share in the result. The degeneration

FIG. 258. TRANSVERSE SECTION FROM AN ATROPHIC
SCIATIC NERVE (MULTIPLE SCLEROSIS).

(Preparation hardened in Miiller's fluid, and stained

after WEIGERT'S haematoxylin method for medul-
lary sheaths : X 30)

a epineurium
6 transverse section of a normal nerve-bundle
c d transverse sections of atrophic nerve-bundles
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of the peripheral nerves frequently observed in cases of chronic
alcoholism is doubtless due to a direct toxic effect.

According to BAELZ and SCHEUHE, the disease known as
beri-beri or kakke, epidemic in Japan, in the East Indies, and in
South America, is an infective disorder (according to Mi UKA it is

due to
spine

form of poisoning), which is characterised primarily
by multiple degeneration of the nerves (panneurids epiilemica).
In Europe too forms of disease occur that affect various regions of
the peripheral nervous system, and are known as multiple* neuritis

(LEYDEN), polyneuritis (PIERSUX), and disseminated neuritis

(RoT"H) ; these are probably due to infection of some kind.

According to the investigations of DE.JEKINE, PITKKS, VAIL-
LARD, OPPENHEIM, SIKMERLIXO, and others, degeneration of
numerous peripheral nerves is a common accompaniment of tabes
dorsalis, the peripheral portions of the sensory nerves of the skin

being those that are most apt to become degenerate (Art. 98).
Transmitted or consecutive lymphogenous neuritis is that

associated with inflammations in the tissues about the nerve.
Purulent and tuberculous inflammations are those which most

frequently extend in this way, as when the nerve-roots become
involved in connexion with purulent or tuberculous meningitis.
Sometimes the virus is disseminated within the nerves themselves,
as appears to be the case in rabies or hydrophobia.

In simple degeneration of the nerves the connective tissue

usually undergoes little or no. change, while the sheath of Schwann
(Fig. 256 c and Fig. 257 a) and its nuclei (Fig. 25> and Fig. 257
d d

l
c?
2) often survive for a long time. The latter may even

become proliferous (c^). When the majority of the medullated
fibres perish (Fig. 258 c d), the nerve acquires by degrees a grey
colour, but does not become indurated unless there is hyperplasia
of its connective tissue. The case is different when the affection

is genuinely inflammatory and true neuritis sets in.

Acute neuritis is manifested by hyperaemia and exudation

affecting the fibrous constituents of the nerve-trunks; and when
the changes thereby induced are well marked they take the form
of redness, swelling, and increase of moisture, or it may be of

haemorrhagic extravasation and yellowish-white discoloration due
to the appearance of pus. In the haematogenous forms of neuritis

the^exudation may from the outset implicate the endoneurium and

epineurium. In neuritis that is consecutive to inflammation of

the surrounding tissue, as in a suppurating wound, in purulent

meningitis, or in pelvic cellulitis, the perineurium in the first place

undergoes cellular infiltration, and this does not spread to the

endoneurium until a later stage.

Slight inflammations may doubtless pass away without leaving

any permanent change. More intense inflammation leads to dis-

integration of the medullary sheath, and often also to necrosis of

part of the axis-cylinder. Purulent and gangrenous inflammations
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induce suppuration and gangrenous necrosis of the nerve. Gran-
ulations and cicatricial tissue are produced in the case of nerves

damaged by traumatic injury or lying in the midst of granulating
tissue.

Subacute and chronic neuritis are induced by chronic in-

flammation of surrounding structures or by haematogenous or

lymphogenous infection and poisoning ; but the primary cause of

the affection cannot always be made out.

These forms of inflammation lead to atrophy of the nerve-

elements (Fig. 259 f) and to proliferation and hyperplasia of the

connective tissue (d e) ; in view of the latter result the affection

is sometimes described as proliferous neuritis.

When the process has continued for a time the nerve-fibres in

the parts involved are found to have wholly disappeared, or are

more or less atrophic (Fig. 259y), while the connective tissue is

highly cellular and increased in bulk.

FIG. 259. CHRONIC NEURITIS WITH PARTIAL ATROPHY OF THE NERVE-FIBRES.

(Preparation hardened in Mutter's fluid and alcohol, stained with haematoxylin and
carmine, and mounted in Canada balsam : X 150)

a cross-section of normal thick fibre e leucocytes between the nerve-fibres
b cross-section of normal fine fibre / thickened endoneurium with small
c endoneurium spaces vacated by nerve-fibres and a
d proliferous septum of the endoneurium few fine fibres still persisting

infiltrated with leucocytes and con- g blood-vessel cut longitudinally
taining a blood-vessel

Tuberculous neuritis is observed most frequently in the roots

of the cerebral and spinal nerves, and is usually secondary to tuber-

culous meningitis (Fig. 209). This form of neuritis also developes
in nerves lying close to tuberculous lymph-glands or granuloma-
tous foci in the periosteum or the tendon-sheaths. Sometimes the

perineurium and the epineurium are in large part converted into

granulomatous tissue, which later on becomes caseous, and the

endoneurium of the separate nerve-bundles also may be involved.

In other cases the nerves merely undergo fibroid induration.

Local tuberculosis limited to a single nerve is rare.

Syphilitic neuritis is observed almost exclusively in the roots

of the cerebral and spinal nerves, as a secondary result of syphilitic
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meningitis (Fig. 210). The nerves are surrounded and permeated
by syphilitic granulomatous tissue, and subsequently by connective
tissue. The result is destruction of a greater or smaller portion
of the nerve, with peripheral paralysis. The arteritis which ac-

companies the process, and causes narrowing and occlusion of the
nutrient vessels of the nerves, is also apt to give rise to degenera-
tion in them.

Leprosy very often affects the nerves, and one sj>ecial form of

the disease is described as lepra nervorum, anaesthetica, or mutilane.
The settlement of the lepra-bucillus in the nerves induces cellular

infiltration and proliferation, and these give rise to degeneration
of the nerve-fibres and hyperplasia of the connective tissue, leading
to the formation of spindle-shaped thickenings of considerable

diameter. The diseased tissue contains multitudes of lepra-bacilli,
either free or enclosed in cells.

Inflammation of the sympathetic ganglia and fibres induces

changes in these structures similar to those produced in the spinal
nerves. Thus tuberculous caseation of the suprarenal capsules

extending to the surrounding tissue sometimes leads to inflam-

mation and proliferation in the solar plexus and semilunar ganglia,

resulting in degeneration of the fibres and ganglion -cells of the

sympathetic. So too tuberculous disease of the bones of the ver-

tebral column is apt to extend to the sympathetic nerves and

ganglia.
In leprosy the bacilli penetrate not only the connective tissue

but even the nerve-cells of the affected ganglia, and cause them to

become degenerate and perish (SUDAKEWITSCH).

References on Traumatic, Infective, Toxic, and Cachectic Degenera-
tion and Inflammation of the Nerves (see also Art. 98 for

references on degeneration of nerves in Tabes dorsalis).
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CHAPTER XLVIII

REGENERATION OF NERVES

132. When a nerve has been cut through at any point, regen-
eration begins to take place within a few days, starting from the

severed end of the central portion which is still connected with the

nerve-cells. It commences by swelling of the central end of the axis-

cylinder, which then grows out and

usually subdivides. In this way
from two to five, or sometimes more

(Fig. 261 ef), fine processes grow
out from the axis-cylinder (Fig.
260 a b c), which is still surrounded

by its medullary sheath (Fig. 260 a).
Each process soon becomes enclosed
in a medullary sheath of its own,
and then is capable of being stained

by WEIGERT'S haematoxylin method.
The rate of growth of these new
fibres, according to VANLAIR, is

from 0-2 to 1-0 millimetre a day.
As the process does not start exactly
at the point of section, but somewhat

higher up, the fine processes as they
grow outward lie at first within the

old medullary sheath (Fig. 260 c and

Fig. 261 ef*), but they soon emerge
from it. As they develope into com-

plete nerve-fibres they receive a con-

nective-tissue sheath or neurilemma,

probably derived from the prolifer-
ous cells of the old neurilemma, or

it may be from those of the endo-
neurium.

In the case of divided nerves that

have not become reunited, granula-
tion-tissue originating from the en-

doneurium, epineurium, and peri-
neurium is formed on the central

stump; and in course of time the

FIG. 200. OLD AND NEWLY-FORMED
NERVE-FIBRES.

(Longitudinal section from an am-
putation stump : preparation
hardened in Muller's fluid,
stained by WEIGERT'S haema-
toxylin method (medullary
sheaths coloured black), and
mounted in Canada balsam:
X 200)

a b old nerve-fibres from which
several young nerve-fibres
have grown out

c neurilemma with young nerve-
fibres
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granulations develope into scar-tissue. The young nerve-fibres
grow into the scar-tissue, and the fibrous extremity is thus per-vaded by nerves crossing one another in all directions (Fig. 262 6).
By their rapid development they not uncom-
monly give rise to considerable enlargement
of the stump, and form what is known as an
amputational neuroma (Fig. 2G26).

A nerve-fibre that has perished from any
kind of injury, such as compression or poison-
ing, always admits of regeneration provided
that* the nerve-cell of which it is a process
remains intact. The sprouting of the axis-

cylinder is in this case accomplished within
the old neurilemma, and the new nerve-fibres

may reach their terminal organ inside this

envelope; but it is also possible for them to
break through the old neurilemma and reach
their termination by traversing the endoneu-
riuni of the nerve-bundle, or even the epi-

Fio. 261. SECTION OF A FASCICULUS OF THE MEDIAN NEKVK JI-ST ABOVE THE POINT

, OF 8RVBRANCB BY A STAB FOt'B MONTHS PREVIOUSLY.

(Preparation hardened in Milller's fluid, stained with neutral carmine, and mounted
in Canada balsam : X 200)

a perineurium
b endoneurium
c crcss-scci ii in of a vessel
d old unchanged nerve-fibres

f bundles of newly-formed nerve-

fibres

/ newly-formed fibres together with
the remains of the old fibre with-

in the same medullary sheath

FIG. 262. AMPUTATIONAL NEUROMA OF THE SCIATIC VERVE IN LONGITUDINAL MO-
TION (AMPUTATION NINE YEARS PREVIOUSLY ) .

(Preparation hardened in Muller't .fluid : X 3)

a nerve & neuroma
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neurium of the nerve-trunk. When the fibres have once reached
the terminal organ they subdivide into the special ramifications

characteristic of the nerve. The manner in which connexion with
the terminal organ is established is not yet precisely determined.

According to GESSLER, GALEOTTI, and LEVI, the nerve-tissue of

the motor endings in the muscles is regenerated in situ.

If the ends of a severed nerve are brought together, union is

effected in the first place by the production of granulations and
then by the formation of connective tissue. The nerve-fibres in

the central end grow through the newly-formed connective tissue

and so reach the peripheral end ; some of them thus become again
connected with their terminal organs, traversing in their course the
old neurilemmata, or it may be the endoneurium or epineurium.
Many fibres however pass out from the uniting cicatrix, or from
the nerve at some point beyond it, into the surrounding tissue,

and so fail to reach their proper terminations. When the course
the nerves have to traverse in order to reach the terminal organ
is a long one, several months may pass before the structure con-

cerned is supplied with its proper number of nerve-endings.

References on the Regeneration of Nerves.

GALEOTTI and LEVI : Reproduction of nerve-elements in muscular tissue

undergoing regeneration Ziegler's Beitrage xvn 1895
GESSLER: Changes in the motor endings after section of nerves D. A.f. klin.

Med. xxxi ; Die motor. Endplatte u. ihre Bedeutung fiir die periph. Ldhmung
Leipzig 1885

KOLSTER : Repair of nerves after section A.f. mikrosk. Anat. XLI 1893
MARCIGIIEY : Regeneration of peripheral nerves These Paris 1886
VON NOTTHAFT : Injuries of nerves Z. f. wiss. Zoologie 55 1893
STROEBE : Degeneration and regeneration of peripheral nerves Ziegler's Bei-

trage xin 1893
VANLAIR: Course and distribution of regenerated nerves A. de physiol. vin

1886, vi 1894
;
La suture des nerfs Brussels 1889



ART. 433] TUMOURS OF NERVES 481

CHAPTER XLIX

TUMOURS OF NERVES

133. The majority of the tumours occurring in the nerves
and ganglia originate in the fibrous structures, and consist chiefly
of some kind of connective tissue, the nerve-fibres themselves

taking little or no part in their development.
In the case of simple nerves fibromata start {is a rule in the

endoneurium (Fig, 263 a), and tend to spread chiefly on the

exterior (b c?), though the internal parts may also be invaded (<r).

Thus the nerve-fibres in some cases lie axially in the growth and
are surrounded by proliferous connective tissue (i) ; in other cases

they are forced asunder by the intrusion of the latter (<?).

- -^^. ,.
.. .

c

Fio. 263. MULTIPLE NKUROFIBBOMATA.

(Section ofa plexiform neuroma from a cate of flephantiatit of the cheek andhwerjaw.
preparation hardened in Flemming't acid tolution, ttained with ta/ranin, and

mounted in Canada balsam : X 8)

d nerve thickened by fibroun hyperpla*i
with a few persistent nerve-fibre* at

the lower end

a 6 nerve in which the outer strata of the

endoneurium have undergone ereat

proliferation, the nerve-fibres lying

axially
e nerve with hyperplastic endoneurium

separating the nerve-fibres

loose cellular tissue lying between the

nerves, containing much fat
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In compound nerves (Fig. 264) the fibrous hyperplasia usually

begins in the endoneurium of the several nerve-bundles (d e /),
but may extend to the perineurium of the bundles, and to the

epineurial septa (6) between them. The nerve-fibres generally
become atrophic as the hyperplasia extends ; but they may also

undergo proliferation and increase in number with the growth of

the tumour. The tumour in such cases might be called a neu-

roma, or more correctly a neurofibroma.

c -

Fia. 264. MULTIPLE FIBROMATA IN ONE OF THE NBRVES OF THE SCIATIC PLEXUS.

(Preparation hardened in Midler's fluid, stained with carmine, and mounted in Canada
balsam : X 10)

more advanced fibromatous formation
in the interior of a nerve-bundle, en-

closing atrophic fibres

large fibromatous node in the interior

of a nerve-bundle enclosing atrophic

a perineurium of the entire nerve
6 epineurium containing many fat-cells

c cross-section of normal nerve-bundles
enclosed in their own perineurium

d commencing fibromatous formation in

the endoneurium nerves, perineurium thickened

These fibromata and neurofibromata are usually multiple. In

rare cases they develope in large numbers in all the peripheral

nerves, but they are more commonly limited to a few. They are

sometimes seated in the course of the nerve-trunks, sometimes on
the finer branches ; in the latter case they are most apt to impli-
cate the smaller cutaneous nerves. They take the form of soft

nodes, varying greatly in size, and are generally desgribed as

multiple cutaneous fibromata, and classed with the soft fibro-

mata or fibroma molluscum. Fibromata of the finer branches

may be combined with the like formations in the nerve-trunks,
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and the nerves are often at the same time diffusely thickened by
fibrous hyperplasia. The individual nodes are sometimes so small
that they can be detected only with the microscope, sometimes so
large (tig. 266 6) as to form growths of very considerable size.

Ihey consist usually of cellular fibrous tissue, but firmer growths
with fewer cells are also met with.

Isolated fibromata usually form tumours that are well defined
from the surrounding tissue. Sometimes, however, they form a
convoluted and tortuous plexus of varying extent, made up of
thickened nerves with fusiform and nodose swellings ( Fig. 265) ;

tlu>is described as a pampiniform (BRUNS) or plexiform ("VEB-

FlO. 265. 1'LKXIKOKM NKfROM.V OF THK SACRAL REGION.

(After a drawing by P. BRUNS : natural size : the nodose and convoluted pltxui it at a
uncovered, at b still covered, by connective tissue)

NEUIL) neuroma. It is met with both on the spinal and on the

cefebral nerves, and most frequently in the skin and subcutaneous
tissue. When well develoj^ed it gives rise in some instances to

large puffy lobulated and folded thickenings of the skin (Fig.
266 a), in other cases to ill-defined nodose growths, which are

regarded as of the nature of elephantiasis, and are accordingly
described as neuromatous elephantiasis or pachydermia (Art. 169).

The development of both multiple and plexiform neurofibro-

mata is dependent on some peculiarity
of embryonic structure,

which even in childhood often gives rise to growths of sensible
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size. They are accordingly apt to be hereditary, and to recur in

particular families.

Sarcomata, myxomata, and lipomata of the nerves appear
as fusiform or nodose tumours, and like the fibromata develope
from the connective tissue. They are however very much less

common than the multiple fibromata, and are usually single. In
somewhat rare cases fibromata undergo sarcomatous transforma-
tion (WESTPHALEN), and they then give rise to metastatic

growths.

Fia. 266. LOBULATKD PLKXIFORM NEUROMA (a) OF THE TEMPORAL REGION AND
NEUROFIBROMA (6) OF THE VAGUS (after BfiUNS).

References on Tumours of the Peripheral Nerves.

BRUNS, P.: Plexiform neuroma V. A. 50 1870
CARTAZ : idem A . gen. de med. i 1876
COURVOISIER : Die Neurome Basle 1886
CZERNY: Neurofibroma A.f. klin. Chir. xvn
ESMARCH and KULENKAMPF : Die elephantiastischen Formen Hamburg 1885
GARRE : Secondary malignant neuroma Beitriige von Brims ix 1892
HAUSCH : Neuroglioma of the Gasserian ganglion Munch, med. Woch. 1886
HERCZEL: Fibroma and sarcoma of the peripheral nerves Zieglefs Beitrdge

vin 1890
HiiTER : Myxoma A.f. klin. Chir. vn 1866 [1883
KOBNER : (Jase of congenital neuromata with rymphangiomata Berl. klin. Woch.
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CHAPTER L

INTRODUCTORY

134. The skin is a structure which not only fulfils the passive
office of covering and protecting the organism in general, hut also

performs certain active physiological functions of a social kind.
It serves as an organ of touch, as a regulator of the body-tem-
perature, as a secretory organ with definite secretions, and as a

respiratory organ in so far as it takes part in the adjustment of

the gaseous interchanges between the body and the external air.

In accordance with the nature of its physiological functions it is

in intimate relation with the tissues of the organism on the one

hand, and with the external environment on the other. Thus no
other organ in the body has so many different tasks to perform,
and none is so constantly exposed to extraneous influences.

Its close relations with the rest of the Inxly and with the outer

world sufficiently account for the fact that the skin is esj>erially

liable to disease and injury. When a disea.se of the skin is

caused by the injurious action of mechanical, thermal, or chemical

agents, or by parasites coming from without, the disease is de-

scribed as idiopathic. On the other hand, the term symptomatic
is applied to cutaneous affections that appear as concomitants or

consequences of other disorders, such as changes in the blood or

lymph, or morbid conditions in other parts like the heart, liver,

kidneys, genital organs, nervous system, ete. A further group,

including such affections of the skin as are referable to anomalies

of development, might be described as developmental diseases.

References on Diseases of the Skin in General.

ANMCRSON, McCALL : Diseases of the skin London 1894
A mtfiles rle dermatoloffie et syphiliqraphie Paris 1868-1896
Archie fur Dermatolof/ie und Syphilis, i-v Prague 1869-1873, continued as

Vierteljahrc&schrifl fur Derm'atologie und Syphilis i-xv Vienna 1874-1888,

and a-uin as Archio ftir Dermatoloffie und Syphilu XXI-XXXII Vicuna

1889-1896
AUSPITZ: Syxtem der Hautkrankhciten Vienna 1881; Maladies de la peau Paris

1887
liKHKKXD : Lehrbuch der Hautkrankheiten 2nd edition Berlin 1883

COLOMIATTI : Anutontia patologica delta pelle Turin 1884

CROCKER : Diseases of the skin London 1888
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DUHRING : Cutaneous medicine Philadelphia 1895
Fox, T. : A tlas of skin diseases London 1877
HEBRA, F. : Atlas der Hautkrankheiten Vienna 1856-76, trans. (New Syd. Soc.)

London 1860-75
HEBRA, H. : Die krankhaften Verdnderungen der Haul Brunswick 1884
HEBRA and KAPOSI : Diseases of the sfcm (New Syd. Soc.) i-v London 1866-80
IRSAI and BABES : Influence of nervous system on morbid alterations of the

skin (experimental) V. f. Derm, ix 1882
JENNER: Dermatolog. System aufpath.-anat. Basis Hamburg 1893
KAPOSI : Pathol. und Ttierap. d. Hautkrankheiten Vienna 1887, (trans, by JOHN-

STON) London 1895
KOPP : Trophoneurosen der Haul Vienna 1886
LELOIR and VIDAL: Traite descriptif des maladies de la peau (arec atlas) Paris

1890-95
LELOIR : Affections cutances d'origine nerveux Paris 1882
LESSER : Lehrbuch d. Haul- und Geschlechts-krankheiten Leipzig 1894
MORROW : Atlas of venereal and skin diseases New York 1893
NKUMANX: Text-book of skin diseases (trans, by PULLAR) London 1871, (trans.

by BULKLEY) New York 1872; Lehrbuch u. Atlas <l. Hautkrankheiten
Vienna 1880-90

SCHWIMMER : Die neuropathischen Dermatosen Leipzig 1883
UNNA : Monatshefte f. prakt. Dermatologie Hamburg 1882 etc. ; Hautkrankheiten

(Orth's Lehrbuch) Berlin 1894; The histo-pathology of diseases of the skin

(trans, by WALKER) Edinburgh 1896
WILLAN: Cutaneous diseases London 1808
WILSON : Diseases of the skin London 1867

;
Lectures on aermatology London

1871-1878
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CHAPTER LI

DISORDERS OF CIRCULATION

135. The amount of blood circulating in the skin varies
greatly even under physiological conditions, and its iwithological
variations are equally remarkable. They are liable to l>e caused
by local vascular and textural changes, and in particular by vaso

. tot.'ii-y.'.-iflMK'lfi

Fio. 267. A- M KOSACKA.

(Section through the natal skin : preparation hardened in Mailer's fluid, stained with

haematoxylin and eo*in : x 25)

a cerium, in parts slightly infiltrated with e excretory ducts of the sebaceous gland*
cells diRteiuled with horny cells and bac-

b epidermis teria (Htained black)
c sebaceous gland / /> ///</'/ /' /.','<-nl'irum in th duct of ft

'' sebat-eous gland with epithelial scales -..-IM.-.-. .n. irlaml

y dilatetl bl<>o<l-veaaels
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motor disturbances, as in the hyperaeinia accompanying neuralgia
or injury to the cutaneous nerves.

Hyperaemia of the skin may be diffuse or circumscribed, and

gives rise to a reddening .of the skin that disappears under the

pressure of the finger. The tint varies from pale pink to the

dark livid purple of cyanosis. The excess of blood is limited

almost entirely to the upper strata of the corium, and to the

papillary layer in particular.

Spots of hyperaemia when small constitute roseola; when
large and diffuse erythema. Sometimes the hyperaemic parts
are also notably swollen, and independently of the distension of

the blood-vessels the tissues are saturated with transuded liquid ;

this occurs in inflammatory oedema. When the hyperaemia
persists for a time, the epidermis is loosened and shed, and
we have desquamation ;

after the hyperaemia has disappeared,

especially if it has lasted for some time or has frequently re-

curred, a certain amount of pigmentary discoloration remains,
due to the transformation of the extravasated red corpuscles into

pigment. After death simple hyperaemia usually leaves no trace

on the skin.

Engorgement or passive hyperaemia generally gives rise to

ill-defined bluish-red blotches. A small spot is called a livor or

livedo, a more diffuse lividity constitutes cyanosis.
Acne rosacea is characterised by deep-red spots, nodules,

and tuberosities containing dilated blood-vessels, which develope

slowly over the surface of the nose and cheeks. Its growth is due
to long-continued distension of the blood-vessels (Fig. 267 #),
combined with enlargement of the sebaceous glands (c) and dila-

tation of their excretory ducts by retained secretion (ji). The
excretory ducts sometimes harbour a Demodex folliculorum (jO,
which perhaps keeps up the chronic condition of irritation. The
parts about the gland are apt to be inflamed.

Anaemia of the skin is manifested by its abnormal paleness,
and is general or local. It may be due to direct external influ-

ences, to stimulation of the vaso-constrictor nerves, or to general
anaemia.

Oedema of the skin, that is to say saturation of its tissue with
serous liquid, is due either to engorgement of the veins or lym-
phatics, or to increased permeability of the walls of the arterioles.

Oedematous skin is thick and puffy, and liquid runs from it when
it is cut ; in extreme cases the epidermis rises in blisters or blebs

from the papillary layer.

Active or congestive hyperaemia is not always easy to distinguish from

inflammation, into which it often passes as a second stage. Tlje idiopathic

erythemata arising from mechanical injury, heat, etc., and the symptomatic
rashes, such as those accompanying infantile dentition and diphtheria, are

usually accompanied by a certain amount of inflammatory exudation, more

especially in the case of the idiopathic forms.
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136. Recent haemorrhages into the skin give rise to red
stains which do not disappear when pressed with the iinirerSmall irregular specks from the size of a millet-seed to that of a
lentil are called petechiae. Vibices are small elongated simple
or ramified streaks, and still larger irregularly-shaped stains are
called ecchymoses.

When the haemorrhage gives rise to a nodular or papular
unevenness of the skin it is called lichen haemorrhagicus or
purpura papulosa. When the extravasated blood is coll.,-ted
into it tumour or raised swelling this latter is described as ecchy-moma or haematoma; when it raises the epidermis into a lar^e
vesicle or bleb the result is a haemorrhagic bulla or blood-
blister.

The seat of haemorrhage varies; usually it is in the papillary
layer and corium, and thence the extravasated blood passes up
under the epidermis, and either raises it from the underlying
layers or penetrates among its cells. If the blood gains entrance
to the sweat-glands and escapes through their ducts we have
haematidrosis or bloody sweat.

In cutaneous haemorrhages the changes passed through by the

colouring matter of the extravasated blood may be followed in

part by the naked eye. The bright red of recent blood passes
through bluish-red and yellowish-green into brown. After a time
the discoloration disappears as the pigment is absorbed, and the
altered blood which has penetrated between the epidermal cells

comes to the surface and is shed with them by the process of
normal desquamation.

are
According to their mode of origin cutaneous haemorrhages

___ distinguished as idiopathic or symptomatic. Spontaneous as

distinguished from traumatic haemorrhages are usuallv grouped
together under the general name of purpura.

Spontaneous purpuric haemorrhages are either symptoms or secondary
consequences of certain general affections, some of which are at present hut
little understood. The haemorrhages that accompany some forms of small-pox
(variola haemorrhagica or purpura variolosa) are occasionally very exten-
sive. They begin as small specks, without any definite arrangement, and in a
few hours expand and coalesce into great Mood-stained patches. Plague,
snake-bites, septicaemia, scarlatina, endocarditis, and other infective and tox-

aemic conditions are often accompanied by cutaneous haemorrhage)- in the
form* of petechial or livid spots, due to changes in the Mood or in t lie vessel-

walls, or occasionally to embolic lodgments of bacteria in the arterioles of the

skin.

Purpura or peliosia rheumatica is a peculiar affection which sets in with
or without slight febrile symptoms, and with pains in the knees and ankles,

followed by the appearance of large and small cutaneous haemorrhages about
the knees. In purpura simplex and purpura haemorrhagica (nmrbus mncu-
/o.vj/.v \Verllmfii) cutaneous haemorrhages make their appearance in various parta
of tin- body, accompanied by fever and general depression. In the latter affec-

tion the haemorrhagic patches may be as large as the palm of the hand, ami

copious bleeding from th> mouth, IIOM-. and throat occasionally ensues. The

haemorrhages iu scurvy or purpura acorbutica are a very marked feature,
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and occur in the skin and the subcutaneous tissue as well as in the gums.
The cause of all these affections is unknown

; probably they are due to infective

or toxaemic agencies (W. KOCH).
The lower limbs of aged persons, whose vascular system is in a state of

atheromatous degeneration, are very frequently covered with haemorrhagic
spots. This condition is called purpura senilis, and results from disturbance

of the circulation .

The stigmata, or spontaneous haemorrhages from the skin, which in some

patients and especially in hysterical women appear as the result of nervous

excitation, and are often regarded as miraculous, might be described as neuro-

pathic haemorrhages.

References on Haemorrhages of the Skin,

CHEYNE and RUSSELL : Micro-organisms in purpura B. M. J. n 1883, i 1884
FAISANS : Myelopathic purpura These Paris 1882
HANOT and LUZET : Streptococci in purpura A . de me'd. exp. n 1890

KOCH, W. : Haemophilia and its varieties Deutsche Chirurgie part 12 Stuttgart
1889

KOGERER : The genesis of haemorrhages Z.f. klin. Med. x 1885
LELOIR : Ann. de dermat. v 1884
MACKENZIE, S. : Nature of purpura B. M. J. n 1883
TIZZONI and GIOVAXNINI: The genesis of haemorrhagic infection Ziegler's

Beitriif/e vi 1889
WAGNER, E. : Purpura and erythema D. A.f. klin. Med. xxxix 1886
ZWICKE : Diifuse ecchymoses of unknown origin Charite'-Annalen vm 1883
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CHAPTER LII

PIGMENTARY DISORDERS

137. Discolorations of the skin may be diffuse or circum-
scribed. They are due either to an increase of the natural

pigment of the rete Malpighii and corium, or to deposition of

pigment derived from the blood or bile or from extraneous
matters introduced into the system.

One kind of local morbid pigmentation is congenital, or at
least has some congenital basis ; in the latter case it usually
appears in early life. Of this nature are the varieties described
as pigmented moles (naevi pigmentori), freckles, sun-sjx)ts. and
xanthelasma.

Naevi pigmentosi, or moles, are congenital, and take the
form of spots of various sizes ; they are light-brown to dark-
brown or black in colour. When smooth and level with the skin

a mole is termed naevits spilus, when rough and warty naei'us

prominent, or naevus verntcosus, and when beset with hair narrut

pilosus. The epidermis covering a mole is usually of normal

thickness, and but rarely hypertrophic.
Freckles (lentiyines) appear at various ages during childhood,

and form yellowish to blackish-brown sharply-defined specks from

the size of a pin's head to that of a pea, and closely resembling
small naevi. They have no special seat of preference, and when
once produced they persist throughout life.

Sun-spots (ephelides^) are composed of irregular and jagged

light-brown smooth specks, that generally appear in early life,

most commonly between the fourth and the eighth year, ui>on the

face, hands, and arms, and rarely in other portions of the body.

They either persist for life or gradually disappear after a time.

Tke development of the pigment is favoured by the action of

sunligbt.
Xanthelasma or xanthoma occurs as sulphur-yellow and

brownish-yellow spots, which are either level with the skin

(xanthelaama planum} or raised above it in nodular excrescences

(xanthelasma tuberomm). The spots are commonest about the

eye-lid, and seldom appear in other places.

All these forms possess a peculiar cellular structure, and are

therefore reckoned among the neoplasms of the skin (Art. 168)
that are referable to congenital conditions.
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A second variety of morbid pigmentation evidently depends
on certain physiological or pathological conditions of the body.
Thus women who are pregnant or are suffering from uterine dis-

ease frequently exhibit pigmentation of the forehead, temples,
cheeks, mammary areolae, and other parts, in the form of brown
spots of different sizes, which tend to become confluent or enclose
within them lighter areas. Such discolorations are described as
uterine chloasma; they are doubtless related to special con-
ditions of the reproductive organs, as they generally disappear
with pregnancy, or after the cure of the primary uterine affection.

In patients suffering from wasting diseases, such as phthisis,
brownish pigmentation of the skin is of frequent occurrence, the
condition being termed chloasma cachecticorum.

In Addison's disease, with the onset of the peculiar cachexia
the skin assumes a diffuse dark-brown or bronze-like hue (cutis

aenea), particularly about the face, neck, hands, nipples, and

genitals. Darker and more sharply denned spots are simultane-

ously produced in the skin, and in the mucous membranes of the
mouth and throat grey patches sometimes appear. The discolor-

ation is usually associated with a characteristic degeneration of

the suprarenal bodies, these organs being in general tuberculous.
A third kind of cutaneous pigmentation is due to local

damage from thermal, chemical, or traumatic causes, or is due
to disease of the skin itself. Thus by the action of strong sun-

light the skin is apt to be more or less burned, and the discolor-

ation thereby produced (chloasma caloricum) may last for some
time. Slight and repeated injuries, such as those caused by para-
sites or by scratching, often leave pigmented spots (chloasma
traumaticum). Mustard-plasters, cantharides, iodine, chrysa-
robin, and the like, when applied to the skin are liable to produce
stains (chloasma toxicum ) that usually disappear after a cer-

tain length of time, but occasionally last for life.

The yellow and brown pigmentation appearing after cutaneous

haemorrhages is caused by the deposition partly of haematoidin
and partly of haemosiderin.

Icterus or jaundice leads to yellowish, yellowish-green, or

olive-coloured staining of the skin by the bile-pigments. In

argyria, due to the continued ingestion of silver-salts, the depo-
sition of particles of reduced silver in the corium gives it a tint

varying from slate-colour to dark-brown. In tattooing various
insoluble colouring-matters are incorporated into the corium, and
there remain.

138. The term pigmentary atrophy (leucopathia or achromcT)
refers to conditions in which the normal pigment of the skin is

deficient or absent. The congenital variety (leucopaihia congen-

ita) is called albinism; the acquired form (leucopathia acquisita)
is called vitiligo.

In the condition known as total or general albinism the normal
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pigments of the body are absent from birth. The affected per
sons, who are called albinos, have a milk-white pinkish translucent
skin ; their hair is yellowish-white and silky ; the iris and choroid
are uncoloured, and therefore show the red tint of the blood they
contain. Albinism is not

very common among Euro-

peans, but it is more frequent
among negroes.

Partial albinism, that is,

partial congenital deficiency
of pigmentation, is rare

among Europeans, though
many cases have been ob-
served in which the skin
contained congenital white

patches. According to SE-
LIGSOHN and STRICKEK, this

anomaly is sometimes hered-

itary.

Vitiligo is characterised

by the appearance in the
skin of white unpigmented
patches, usually surrounded

by a zone of increased pig-
mentation. The patches ap-
pear as a rule in early life,

sometimes as a sequela of

infective disease, and they
are often symmetrically dis-

tributed (Fig. 268).

Having reached a certain
size they tend to remain un-

changed; but they some-
times increase in size and
coalesce, so that ultimately
a large portion of the sur-

face of the body is deprived
of pigment, the latter becom-

ing, concentrated within a

small space. Hairs growing
on the decolorised patches
become white (poliosis cir-

cumscripta) .

The aetiology of vitiligo
is not known. Among the

Sarts in Turkestan the affection is endemic (MiNCH). The histo-

logical change consists simply in the disappearance of the normal

pigment in the decolorised area, while around it the pigment of

tx

\

I'l'.. 3 I. MM Mli VlflLIO

(.tfter a photograph by MINCH)
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the corium is increased. LELOIR is of the opinion that the

anomalous distribution of pigment is referable to nervous influ-

ences.

Local acquired leucopathia may result from cutaneous inflam-

mations, such as those accompanying furunculosis, eczema, lupus,

leprosy, and syphilis. In the white patches thus produced the

skin is sometimes smooth, sometimes scar-like, while round about
them the natural pigmentation is often increased.

The disappearance of the colouring-matter from a pigmented
spot is due either to its removal into other parts of the skin or

into the lymph-glands, or to desquamation of the pigmented epi-
dermal cells with imperfect reproduction of the pigment.

According to MINCH, vitiligo is somewhat widely distributed in Turkes-

tan, and is considered contagious by the Sarts. Affected persons are accord-

ingly segregated, and kept with the lepers within special enclosures. The
disease is called by them pyez. It is probable that endemic vitiligo has often
been confused with rnacular leprosy by writers who have described it as the
' white leprosy

'

of the Hebrews.

References on Albinism and Vitiligo.
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CHAPTER LIII

ATROPHY OF THE SKIN
*

139. Simple atrophy implies a loss of substance in the
several constituents of the skin, generally in connexion with some
change in their structure. It may be local or extended diffusely
over large areas, and is sometimes a primary, sometimes a second-

ary condition.

In the physiological retrogression of old age, or senile atrophy,
certain textural changes take place in the skin, and these occasion-

ally become very highly marked. The skin becomes thinner, and
the papillae are depressed. In some spots where the papillae are
not large they disappear entirely. The fibrous fasciculi of the
corium become more and more scanty, while the elastic fibres are
retracted and undergo hyaline degeneration (SCHMIDT), which
leads to their swelling up and to their ultimate disintegration.

The vessels of the skin are here and there obliterated, so that

in an injected preparation the close vascular network seen under
normal conditions is lost. Deposition of pigment, in the form of

yellowish-brown or dark-brown granules, often takes place, the

granules lying either in the cells of the rete or around the vessels

of the corium. The changes in the cutis are accompanied by
corresponding changes in the epidermal elements. The softer

strata of the epidermis become thinned out, so that the horny
layer is separated from the papillae only by a few layers of cells.

The horny layer itself is dry and brittle, and often scaly. Here
and there aggregations of epidermal scales take place, forming
whitish patches of various sizes, and constituting the condition

known as pityriasis simplex.
In hairy parts the hairs fall out and are not renewed, the hair-

foljicles either being empty ( Fig. 209 </), or containing only lanu-

ginous or downy filaments (<?). The hair-follicles themselves

(c d ) are notably diminished in size, and their openings are not

infrequently closed (c-) by proliferous epithelial scales, so that the

downy hairs they enclose do not reach the surface. If new hairs

(A) continue to be produced within the follicles, small cysts (f)
are formed, which contain a large number of minute hairs.

The hair-follicle, or the excretory duct of a sebaceous gland

opening into it, may become distended by an accumulation of tin-

sebaceous secretion. This gives rise to a somewhat large <



500 ATROPHY OF THE SKIN [CHAP. LIII

(atheroma or -wen), filled with sebaceous matter and epidermal
scales, or in some cases with minute hairs (#), which as it

grows forces the hair-follicle (A) out of its place. As the hair-

follicles perish the sebaceous glands (/ (?) generally become
reduced in size, and finally disappear entirely. The sweat-glands
on the other hand are not perceptibly altered.

Marasmic or cachectic atrophy of the skin occurs in patients
affected with wasting diseases, in whom the subcutaneous fat dis-

appears, as in chronic tuberculosis. Such atrophy often gives
rise to desquamation of the epidermis in the form of scales

(pityriasis tabescentium) .

FIG. 269. ATROPHY AND CYSTIC DEGENERATION OF THE HAIR-FOLLICLES AND
SEBACEOUS GLANDS OF THE SCALP.

(Preparation hardened in alcohol, stained loith Bismarck-brown, and mounted in
Canada balsam : X 20)

a epidermis
b corium
c atrophic hair-follicle containing downy-

hairs below and scales of horny epi-
dermis at its outlet

d obliterated hair-follicle devoid of hair

e hair-follicle with sebaceous gland
/ atrophic sebaceous gland
g cyst with small cast-off hairs

</i cyst with enclosed atheromatous matter
h small hair seated on the wall of the cyst
i sweat-gland

Linear atrophy from over-distension is generally the result of

the excessive stretching of the abdominal walls and adjacent parts
of the skin by the pregnant uterus, but the like may result in the

abdomen or elsewhere from the growth of tumours or the accumu-
lation of liquid beneath the skin. Streaks appear in the distended

parts that at first are reddish in tint, and afterwards become white

and lustrous (lineae albicantes). Within these streaks the papillae
are flattened or entirely effaced. The fibrous fasciculi of the

corium are stretched into parallelism, and are no longer interlaced

and felted together (LANGE), while the elastic fibres are remark-

ably diminished in number : the persistent stretching in fact in-
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duces atrophy of the elastic fibres and obliteration of the vessels

(TitoisiER and MENETRIKR).
Cutaneous atrophy, with desquamation of the epidermis,

exfoliation of the nails, abnormal distribution of the pigment
in brown and white patches, and wasting of the glands and

hair-follicles, is an occasional sequela of certain affections of the

nerves, as in anaesthetic leprosy. After wounds and injuries of

the peripheral nerves, the skin of the paralysed parts often

becomes smooth, shining, and attenuated. Excoriation, and at

a later stage inflammation, are easily induced. The nails become
curved and fissured and the hair falls out and loses its colour.

References on Atrophy of the Skin.
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CHAPTER LIV

INFLAMMATORY AXD PARASITIC DISORDERS

140. The exciting causes of inflammations in the skin are

extremely various in their nature, and act in many different ways.
Thus diverse kinds of mechanical injuries, such as blows, knocks,

pricks, continuous pressure, rubbing, scratching, etc., give rise to

different forms of inflammation, according to their mode of action.

To these must be added all the various forms of contamina-
tion of the skin, which either act as direct irritants, or by block-

ing up the ducts of the sebaceous and sudoriparous glands and
the hair-follicles, and so alter the superficial layers of the epider-
mis and the cutaneous secretions as to interfere with the functions
of the skin. Inadequate cleanliness often gives rise to itching,
from irritation of the sensory nerves, and the scratching that is

thereby induced increases the intensity of the irritation.

Abnormal chilling and heating of the skin are still more com-
mon causes of inflammation. Frequently-recurring changes of

the surrounding temperature, or the application of intense cold
or heat for a short time, produce the same effect as changes of

less degree continuing for a longer period.
The skin is peculiarly subject to the influence of irritating and

corrosive chemical substances, many of which set up inflamma-
tions that are more or less severe.

Various inflammatory affections of the skin are induced by
the settlement in it of vegetable or animal parasites, which either

reach it from without or are brought to it by the circulation.

Irritation of the nerves frequently leads, in a reflex manner,
to congestive hyperaemia of the skin, and sometimes also to inflam-

matory exudation. Diseases of the central and peripheral nervous

system often disturb the nutrition of. the skin, and occasionally

give rise to inflammatory affections.

Cutaneous anaesthesia renders the skin liable to injury of

various kinds, and these are apt to result in traumatic inflam-

mation. A disease of the nervous system that is associated with

itching or formication may moreover expose the skin to mechan-
ical irritation by the scratching it excites.

The susceptibility of the skin to the above-named forms of

injury varies greatly in different persons. Thus a given injury

may be without effect in one case, while in another it sets up
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more or less intense inflammation of the skin. Many persons for
example, can wash their hands with weak solutions of corrosive
sublimate or carbolic acid without injury to the skin, while others
under similar conditions suffer from free desquamation of the
epidermis, or it may be from severe eczema. Sometimes indeed
the irritation is not confined to the part of the skin directly ex-
posed to the action of the liquid, but extends over a very large
portion of the body. A flea-bite, that in most people gives rise
to no appreciable irritation, in others sets up wide-spread inflam-

matory swelling of the skin. So also there are persons who
suffer from peculiar cutaneous inflammations whenever they eat
strawberries, lobsters or crabs, oysters, sea-fish, and so on.-

Children generally have a very susceptible skin, and thus
slight irritations are in their case often followed by cutaneous
inflammation.

The skin often suffers when the general nutrition is impaired,
as in many infective diseases, in chronic disorders of the circu-

lation, and the like ; it sometimes indeed becomes so vulnerable
that the slightest mechanical injury, such as gentle pressure, gives
rise to degeneration, necrosis, and inflammation. This condition
is exemplified in bed-sores or decubital necroses.

141. The mildest forms of inflammation of the skin are mani-
fested by diffuse redness and swelling (erythema), or by the

appearance of circumscribed elevations that an- distinguished

according to their size and shape as papules, wheals. tuber-

cules, and nodes. Papules are small circumscribed solid eleva-

tions, wheals are larger and flattened, and tubercules are still

larger and somewhat rounded in form and red in colour, or the

margin only is reddened while the centre appears pale.
The histological changes in these milder forms of inflamma-

tion consist of infiltration of the tissues with serum, and more
or less abundant extravasation of leucocytes. The epidermis is

usually but little altered, though some of its cells may become
swollen and beset with drops of liquid, and afterwards undergo
liquefaction. At the same time proliferation is occasionally in-

duced, and gives rise to an increased production of epidermal
cells. Red blood-corpuscles are at times extravasated with the

leucocytes, and mingling with the exudation pass from the tins of

the papillae into the cellular layers of the epidermis.
In many cases the local inflammatory process is more intense,

and the skin becomes saturated with exuded liquid. The result

is that the swelling and redness are more pronounced, and further

changes are induced that lead to the formation of vesicles, pus-

tules, scales, crusts, and scabs. When the coriuin t Fig. ^70 e)

and the papillary layer are permeated by liquid, fibrinous, and

cellular exudations (h some of these extend into the overlying

epidermal strata (/// //), proceeding chiefly from the tips of the

papillae (i). If the epidermal strata become saturated with liquid,
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the cells that are not yet horny are apt to be more or less swollen

(e? e/). Drops of liquid generally appear within them, giving
rise to so-called vacuolation, and some of them are entirely dis-

solved, and thus small cavities filled with liquid are produced
(Fig. 277 g g^). This is most likely to occur when, as in burns

(Fig. 271), the epidermis is severely damaged and in part killed

Fio. 270. SECTION THROUGH A SYPHILITIC MUCOUS PATCH (CONDYLOMA LATUM ANI).

(Preparation hardened in Muller's fluid, stained with Bismarck-brown, and mounted
in Canada balsam : X 150)

iv layer of the epidermis
rete Malpighii
corium

d surface layer swollen up and infiltrated
with leucocytes

e swollen cells of the rete Malpighii
/ swollen epidermal cells interspersed

with round-cells

a horn
b
c

gr degenerate epidermal cells into which
leucocytes have penetrated

h granular coagula
i swollen
k corium
I lymphatic vessel
m sweat-gland

and infiltrated papilla
infiltrated with cells and fibrin

by the primary injury, while at the same time a large amount of

liquid is extravasated from the vessels. The epidermal cells over-

lying the tips of the papillae (Fig. 271 c?/) are the first to swell

up and dissolve, but later on the inter-papillary cells (e g A)

undergo a similar change.
When the extravasated serum is able to pass through the

horny layer of the epidermis and appears on the surface, the in-

flamed area is covered with a liquid and more or less coagulable
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exudation (Fig. 270 A), and the surface is said to *

weep.' This ismost likely to happen in parts where two cutaneous surfaces arem close contact and so are protected from drying, with the result
that the cells of the homy layer become swollen and loosened.

Crusts and scabs are produced when the sujwrficial exuda-
tion dries by evaporation. According to the proportion of red
or white blood-corpuscles present in the exudation, the crust is

gummy and semi-translucent, and brown or brownish-red in
colour, or dirty brownish-yellow and opaque. Scabbing is most
apt to occur when the horny layer of the epidermis is injured, or
when the surface is broken by excoriation or exfoliation, fissures
(rhagades) or chaps, through which the exudation easily reaches
the surface.

FIG. 271. SECTION THROIHJH THE MAKCIN OK A IILISTKR nrg TO A BUR*.

(Carmine staining: x l.~>0)

/ complete liquefaction of the cells overa hornv layer
6 rete Malpighii
c normal papilla
d swollen cells in some of which the

nucleus is still visible, in others
not

e inter-papillary cells, those below being
uninjured, while those above are
swollen and elongated, and have
lost their nuclei

cells, denucleated,
separated from the

the papillae
g inter-papillary

swollen, and
cut is

h complete degeneration <>f the inter-

papillary cells separated frn: the
cutis

i depressed papilla infiltrated with cells

k sul>-epidermal coagulated fibrinou.H ex-
udation

When the escape of liquid to the surface is prevented by the

horny layer of the epidermis, the latter is raised by the exudation,
and vesicles or blebs are produced (Fig. 271). If all the cells

of the rete Malpighii are destroyed by a sudden and copious exu-

dation, the vesicle is unilocular : but if the cellular structures are

in part preserved and form more or less complete septa betw. . n

the centres of liquefaction, the result is a multUocular vesicle.
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The latter is the usual condition in recent vesicles, and the per-
sistent cells and cellular septa undergo various deformations, due
to continued pressure and tension. After a time most of the septa
become liquefied and disappear.

The liquid distending the vesicles and blebs usually contains

at first but few cells, and is therefore clear. At times it includes

a large number of red corpuscles, giving rise to haemorrhagic
blebs with red or pink contents. In other cases the liquid con-

tains numerous leucocytes, which give it a whitish turbid appear-
ance like that of thin pus : such a vesicle is usually described as

a pustule. Often the course of the process is such that when the

vesicle first appears its contents are clear, and afterwards they
become turbid. The liquid may however be turbid from the out-

set, or the vesicle may dry up without passing through a stage of

turbidity.
The contents of a pustule sometimes become inspissated by

evaporation, and then it gives rise to a yellow, grey, or brown
crust or scab.

In certain cutaneous inflammations, when the interference with
the circulation of the papillae and corium is extreme and persist-

ent, or when the exciting cause is such as directly to bring about
necrosis of the tissue, the resulting loss of substance is not con-

fined to the epidermal strata but extends to the deeper layers, and
these are either cast off as large sloughs or eschars, as in diph-
theritic inflammation and gangrene, or break down more gradu-
ally by suppuration. Such inflammations therefore terminate in

necrosis, gangrene, abscess, or ulceration.

142. The inflammations of the skin are some of them acute

processes, tending to recover after short duration, and some of

them chronic, giving rise to more or less extensive textural

changes.
In the slight forms of acute inflammation, the exudation is

in general speedily re-absorbed, and the skin soon resumes its

normal appearance. Not uncommonly, however, the process of

recovery is accompanied by somewhat free desquamation of the

epidermis, which is cast off in scales or shreds. The scales

(squamae) take the form of small bran-like flakes, of larger thin

white or dirty-grey glistening lamellae, of thicker white plates, or

of continuous membranaceous shreds, which are shed from the

surface of the epidermis. The desquamation is called furfu-

raceous when the scales are small ; it is membranaceous or

siliquose when the flakes are larger. The scales occasionally
cohere into irregular masses, or into thick cakes. The formation

of scales is chiefly due to an increased or morbidly-altered pro-
duction of horny epidermal cells. ,

Transient pigmentation is apt to arise when the inflammation

is associated with extravasation of red blood-corpuscles.

Regenerative multiplication of the epidermal cells is soon
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set up beneath the vesicles, pustules, and crusts. It generallystarts from the border of the inflammatory area (Fie *7 ></</ )and thence extends to the denuded parts. If any epidermal cells
persist between the papillae, the proliferation may start from
them ; and in some cases it appears to proceed from the cells of
the hair-follicles and the ducts of the sebaceous and sudoriparous
glands. In these ways the mass of the vesicle, pustule, or scab is

gradually forced upwards, and separated from the underlying
papillae by a cellular layer ; this very soon becomes differentiated
into the normal epidermal strata, and a new horny layer (rf,) is
at length produced. When after a time the scab is thrown off,
the epidermal surface beneath it is already more or less com-
pletely restored.

If the papillae and portions of the corium have been destroyed
by the inflammatory process, the regeneration is apt to be incom-
plete, as a new papillary layer is not reproduced, or at best in an

A-xJ :-

%3fc -^,

8s33 ^ISBfc*Sk'?-'" : - :: --- Ati>'
"'

"< V;' xiE:i>-V?^mg&.^^ :vJragfl

FIG. 272. BLISTER FROM A BURN IN PROCESS OF HEALINO.

(Section through the akin of a cat's paw forty-eight hours after a burn : stained with
alum-carmine, aw/ mounted in Canada balsam : x i*>)

a
horny layer rf2 new-formed horny layer

b rete Malpighii old degenerate epidermis
c corium with sweat-gland h / pus-corpuscles
d new-formed epidermal cells undergoing g secondary exudation

differentiation into layers at </j

imperfect manner. The affected part is indeed covered over with

epidermis, and the loss of substance in the deej>er strata is .mule

goad by new connective tissue, but its surface remains abnormally
smooth and somewhat depressed: in fact a scar is left behind.

For a time the scar appears redder than the surrounding skin,

but in the end it usually becomes paler, and loses even its normal

proportion of pigment. In some cases it is surrounded perma-

nently by a pigmented zone or areola.

In the case of chronic inflammations both atrophic and

hypertrophic conditions may be induced in the skin.

The growth of the epidermis is often disturbed, being ab-

normally diminished or increased, or morbidly [KM-verted in some
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way. Not infrequently there is continuous desquamation, the

epidermal cells as they reach the surface not passing through
the regular stages of comification, but simply undergoing desic-

cation.

In conditions of chronic irritation, the papillae of the papillary

layer tend to become hypertrophic and subdivide at their tips,
while the corium and subcutaneous connective tissue becomes
thickened and indurated. In other cases atrophy of these struct-

ures takes place, the papillae becoming flattened and the corium
thinned. Certain forms are moreover accompanied by ulceration.

In chronic parasitic inflammations, healing at the centre of the
affected spot, while the morbid process is advancing at the pe-

riphery, is a very common phenomenon. In this way peculiar

ring-like patches with a normal or cicatrised centre are produced.
By the coalescence of several such radially-extending areas,

larger patches with sinuous or serpentine outlines are formed

(serpiginous inflammation).
143. Among the milder forms of cutaneous inflammation,

indicated mainly by an erythematous flush, and to some extent by
swelling, are a number of rashes or exaiithems that are differen-

tiated partly by their causation and partly by their external ap-

pearance ; of these the following are the most important.
The eruption of measles (jnorbUli, rubeola) appears first on the

face, forehead, and temples, and thence extends over the occiput,
neck, shoulders, and trunk. It forms red and yellowish-red

patches of the size of the finger-nail or larger. The patches are

either level with the skin, or slightly raised into papules corre-

sponding to the openings of the hair-follicles (morlilli laeves and

papulosi). The skin and subcutaneous tissue, especially in the

face, are somewhat swollen and oedematous. The patches tend
to assume a crescentic form, and sometimes run together here and

there, but they never become quite confluent. In a few hours after

its appearance the eruption becomes pale, leaving the skin faintly

yellow; and presently over the seat of the exanthem a slight

branny desquamation takes place.
The eruption of scarlatina appears first on the neck and

clavicular region, and thence extends over the back and breast to

the limbs. At first it takes the form of minute red dots closely
crowded together, which cause the skin to acquire a diffuse or uni-

form flush. The tint is at first pink, afterwards deep red, livid, or

scarlet. The skin is swollen by the accompanying infiltration.

The eruption lasts from one to three days, and occasionally as long
as six or seven

;
it then fades and leaves the skin with a yellowish-

brown staining. Afterward the epidermis desquamates in flakes

and scales of various sizes : if the flakes are large the* desquama-
tion is called meinbranaceous, if small and thin it is furfuraceous.

Occasionally the eruption is papular, vesicular, or pemphigoid, and
not infrequently it is haemorrhagic {scarlatina haemorrhagica') .
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The exudation poured out into the connective tissue is somewhat
rich in cells.

Erythema exsudativum multiforme is a cutaneous affection
which begins as an eruption of Hat slightly-prominent circum-
scribed and scattered spots (erythema laeve) on the back of the
hands and feet and the neighbouring parts of the fore-arm and
lower leg. The spots are at first of the size of a pin -head, hut
presently grow to that of a pea. They are vermilion in colour,
and turn pale when pressed. They grow at the margins, while
the centre becomes depressed and cyanotic : the larger spots may
become confluent. Haemorrhages not infrequently occur at the
seat of the eruption.

As the red margin extends and the centre fades we have ery-
thema annulare or circinatum. If several rings encroach on each
other we have erythema gyratum. A red spot surrounded by a pale
zone, and that by a red zone, constitutes erythema iris.

"

If the

eruption becomes papular and nodular it is erythema papulatum or
tuberculatum. If wheals are present it is erythema urticatum or
lichen urticatus, if vesicles are formed erythema ve*iculo*um. If
the formation of vesicles goes on at the margin while the centre
recovers we have herpes circinatux, characterised therefore by its

rings of vesicles. If the vesicle persists in the centre, it is herpes
iris. Erythema with large blebs or bullae is erythema lullotum.
A brown pigmentation usually remains behind after the eruption
declines. When vesicles have been formed scales and scabs are
left. The affection lasts from two to four weeks.

Some of these varieties of erythema are due to hacmatogenous
infection occurring in the course of specific diseases such as pyae-
mia, puerperal fever, endocarditis, typhoid fever, and so on. In
other cases the affection is a primary one, whose causation is un-

certain, but is probably referable to infective or toxic agencies.

Erythema nodosum (dermatitis contu*\formi9, urticaria tube-

rosa) is characterised by the formation of large blotches and
rounded nodes, usually on the lower limbs. The blotches are but

slightly or not at all elevated, and are bright-red at the margin
and purple at the centre. In two or three days they begin to fade,

passing through tints of blue, yellow, and green. Though recovery
is usually complete, severe forms of the inflammation are sometimes
met, with which lead to gangrene of the skin. The affection is

probably of an infective nature.

Traumatic erythema is produced by many diverse forms of

irritation of the skin, mechanical, thermal, or chemical. Mechan-
ical irritation is exemplified by the friction of clothing or of two

parts of the body in contact ; the effects of thermal irritation by
burns or frost-bites of the first degree ; chemical irritants are such

as turpentine, mercurial ointment, dilute acids, or the poison >f

insect-stings. Cold of slight intensity gives rise first to paleness,
and then to hyperaemia from paralysis of the vaso-motor nerves.
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Long-continued but not excessive congelation produces chilblains

or perniones, which are red swellings due to hyperaemia and inflam-

matory infiltration of the skin of exposed parts.

Erythematous rashes occasionally result from the use of certain

medicaments, such as belladonna, copaiba, salicylic acid, anti-

pyrin, arsenic, calomel, chloral hydrate, and quinine : and they
sometimes appear in diseases of the nervous system and in gastro-
intestinal disorders, especially in children.

Allied to exudative erythema are some of the circumscribed

red rashes included under the term roseola. According to the

condition with which it is associated the eruption is described

as roseola rheumatica, choleraica, typhosa, aestiva, autumnalis, in-

fantilis, etc.

Pellagra (mal rosso, mal del sole, risipola lombarda, Lombardian

leprosy) is a peculiar disorder met with in Northern Italy, South-

ern France, Spain, and Roumania. It appears as an erythematous
rash on the exposed parts of the body, especially in the spring and

summer, and disappears in the autumn with desquamation of the

epidermis.
Urticaria or nettle-rash (cnidosis") is a local eruption of wheals

which rise and disappear very suddenly. The flattened centre of

the wheal is white, and is bordered by a zone of red. Occasion-

ally small vesicles (urticaria vesiculosa) or papules (urticaria papu-
losa) are formed. The wheal in some cases acquires a reddish-

brown pigmentation (urticaria pigmentosa). The rash is either

caused by external irritation, such as the stings of nettles, jelly-

fish, fleas, bugs, lice, or gnats, or is a symptom of some irritable

condition of the alimentary canal, or of the skin itself. In many
persons urticaria follows the ingestiori of oysters, crayfish, caviar,

crabs, sea-fish, strawberries, and so on. Disorders of the repro-
ductive organs are also capable of inducing it.

References on Erythema, Pellagra, and Urticaria.

AUSPITZ : Erythema multiforme V. f. Derm, i 1874
BO'ICESCO: Erythema nodosum of malarial origin A. roumaines de med. I Paris

1888
CATKIN : Alterations of the skin in measles A. de med. exp. in 1891
CORDUA : Erythema multiforme D. med. Wock. 1885
DEMME : Severe erythema Fortschr. d. Med. vi 1888
DOUTRELEPONT : Urticaria pigmentosa A.f. Derm, xxn 1890
ELSENBERG: Urticaria pigmentosa V. f. Derm, xv 1888
FINGER : Erythema multiforme and purpura A.f. Derm, xxv 1893
Fox, T. C. : Urticaria pigmentosa or xanthelasmoidea Med.-chir. Trans. LXVI

London 1883
HOGGAN, G. and F. E. : Urticaria pigmentosa Monatsh. f. prakt. Derm. I 1882,

il 1883
LEWIN: Erythema exsudativum multiforme Charile'-Annalen in 1878; Un-

toward effect* of drugs Detroit 1883
MAYR : Pellagra Hebra and Kaposi's Diseases of the skin (New Syd. Soc.) i Lon-

don 1866
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NEUSSER : Die Pellagra in Oesterreich und Rumtinifn Vienna 1887
PICK : Urticaria pigmentosa Prayer Z. f. lleili: n 1881
SCHEIBKR : Pellagra in Roumania I'. /. Derm, n 1875
SCHWIMMEK : Erythema multifornie Ziemssen's Hamlb. d. spec. Path, xiv Leirv

zig 1874-83
WINTERNITZ: Clinical study of pellagra V. f. Derm, in 1876 (pp. 151,387)

144. Dermatitis combustionis erythematosa is caused
when heat acts on the skin in such a manner as not to kill the
tissue but only to induce vaso-motor paralysis of its blood-vessels,

resulting in congestive hyperaemia and slight exudation. This
is what is known as a burn of the first degree. When the heat
is more intense the superficial epidermis is destroyed, and the un-

derlying vessels, though not killed outright, are so injured that

copious exudation takes place from the papillary layer. The epi-
dermal cells are thereupon more or less completely dissolved, and
a unilocular or multilocular vesicle or blister (Fig. 271) is pro-
duced. This condition is spoken of as dermatitis combuttioni*

bullosa, and constitutes a burn of the second degree. Hums
which lead to sloughing of the cutis are burns of the third de-

gree; those accompanied by charring of the tissues are termed
burns of the fourth degree.

Burns of the second degree recover, provided the injured sur-

face escapes septic infection, by regenerative multiplication of the

epidermal cells (Art. 142, Fig. 272). Healing in the case of

higher degrees of burning can take place only by the formation

of granulations and of cicatricial tissue.

Severe cold produces effects similar to those caused bv exces-

sive heat. When blisters are formed in frost-bite we speak of the

inflammation as dermatitis congelationis bullosa; and when the

frozen tissue becomes necrotic and gangrenous the condition is

described as congelatio gangraenosa. The two forms usually
occur together. The dead parts have at first a livid red tint;

later on they become dark-red and gangrenous, and are separated
from the living tissue by an inflammatory line of demarcation.

The blisters caused by cantharides are of much the same

character, but the swelling and liquefaction of the epidermis are

usually less sudden and less extensive. Denucleated continuous

masses are sometimes formed from the necrotic epidermal cells.

M45. Miliaria crystallina or sudamina are small watery
vesicles which sometimes appear in the course of puerperal fever,

typhoid fever, acute rheumatism, pneumonia, etc., and last for a

few days. They occur chiefly on the trunk. The eruption is

due mainly to the retention of sweat in the excretory ducts of the

glands, though a liquid rich in cells is also poured out into the

epidermis (Fig. 273 c rf), and the vesiculation follows the course

already described in reference to the inflammatory process, the

only difference being that it takes place at the mouth of a sweat-

gland (d). Miliaria would thus appear to be in reality one of
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the infective inflammatory rashes. Recovery from the sudaminal

eruption takes place in a short time, the damaged epidermis being
replaced and the dried remains of the vesicles cast off.

146. Herpes is an acute affection running a typical course

(IvAPOSi), and characterised by the formation of clusters of

watery vesicles in certain anatomical regions of the body, the

vesicles passing through a definite series of stages within a short

period of time.

The eruption first appears as a group of minute elevations of

the skin, which rapidly become infiltrated with clear serum and
so form vesicles. The vesicles last from a few hours to one, two,
or even four days, and then dry up into crusts. Beneath the

FlG. 273. MlLIARIA CRYSTALLINA.

(From a man who died of pneumonia : preparation hardened in Muller's fluid, and
. stained with haematoxylin and eosin : X 30)

a cormra
b epidermis

c d sudaminal vesicle
e excretory duct of a sweat-gland

crusts regenerative proliferation of the epidermis takes place, the

lost tissue being thus made good, and the crusts are thereby
loosened and cast off.

The contents of the mature vesicles consist of serum, fibrinous

coagula, and pus-corpuscles. The papillae and the corium are

infiltrated to a varying extent with serous liquid and leucocytes,
and occasionally haemorrhages take place in them.

According to their seat and mode of origin, five forms of herpes are dis-

tinguished.

(1) Herpes zoster (zona or shingles) is an acute eruption of vesicles clus-

tered over the area supplied by a cutaneous nerve, and seems to be dependent
upon some disorder of the nerves or of their centres. It is almost always uni-

lateral. The contents of the vesicles remain clear for three or fiour days :

then they become turbid and purulent. Yellowish-brown crusts are formed
as the vesicles dry up. The associated nervous disorder may be infective,

toxic, traumatic, or secondary to some inflammation of the adjacent tissue.

PFEIFFER and WASILEWSKI are of opinion that the characteristic distribution
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of the arteriee
- "ot f th

(2) Herpes labialis or facialis is an acute eruption of vesicles on the
hps or around the mouth and nostrils. The vesicles last two or three davsand dry up under a crust, without scarring. It is very often observed in con-
nexion with pneumonia and intermittent fever, and more rarely in typhoid

(8) Herpes praeputialis or progenitalis affects the penis, clitoris or
labia : its course is similar to that of herpes labialis.

(4) Herpes iris and herpes circinatus are according to KAPORI the
same as erythema iris and circinatum (Art. 14:{). The vesicles occur on the
back of the hands or feet and the adjoining portions of the limbs, and form
separate or concentric circles. The smaller vesicles fade after eight or ten
days, i>y resorption and drying of their contents. BAI.ZKK (A. <le phy*i,,l.
1883) found in the epidermal scales from five cases of herpes circinatus. in
which the hairs were not affected, long branching double-contoured filaments
and spores, which were larger than those of Trtchopfiydm tonsitrans (Art. 101).

(5) Herpes tonsurans vesiculosus is a special form of tinea (herpes)tonsurans (Art. 161), an affection caused by a vegetable parasite. Circles of
vesicles of various sizes are formed by successive marginal crops starting from
a centre, the older vesicles drying up as new ones develope.

References on Herpes Zoster.

BARENSPRUNG : Charitc-Annalen ix, x, and xi 1861-63
BRIGHT: Connexion with sensory nerves Medical cases n London 1831
CURSOHHAKN and EISENLOHR: D. A.f. Min. Med. xxxiv 1884
DUBLER : Neuritis in herpes zoster I'. .-1. 70 1879
KAPOSI: Wien. med. Woch. 1874, 1875. 1877 and 1879; Verhandl. dtr detit-

schen dermat. Geselhch. i Vienna 1889
; A.f. Derm, xxi (supplement) 1889

LESSER, E. : V. A. 80 1881 and JK5 1883
MACKENZIE : Herpes zoster and the nerve plexuses of the limbs Journ. ofPnth.

i 1893 (with references)
PFEIKKER: Die Verbreituny dex Herpes zoster langs dex Hnntqebiets der Arteritn

Jena 1889
WASILEWSKI: Herpes zoster u. {lessen Einreihung tinier die Infectiotukrank-

heiten Jena 1892 (with references)

147. Pemphigus or pompholyx (Fig. 274) is an eruption
characterised by the formation of blebs (bullae) upon the skin,

varying in size from that of a small pea to that of a goose's egg.
The blebs are usually preceded by red spots and wheals, over

which they rise ; but sometimes they appear on what seems to be
unaltered skin. The contents are at first clear and watery, or it

may be slightly blood-stained, but afterwards they Income turbid

and purulent. The exudation at length dries up and cmsIs are

fonmed, under which the loss of epidermis is repaired (pemphigu*
vulyaris) .

In other cases this regeneration of the epidermis does not take

place, and the separation of the epidermal covering of the bleb

from the underlying strata extends, until at length the corium is

denuded over a large area (pemphigus foliaceu*). When the blebs

are removed the exposed surface appears red and moist, until a

crust is formed over it by the drying of the superficial exudation.

In such cases the corium is always more or less infiltrated, and

sometimes it becomes partially necrotic and sloughs (pemphiyu*
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diphtheriticus^). Granulations are then produced, but they too

are very liable to undergo necrosis (KAPOSI).
The cause of the disease

would usually seem to be of

the nature of an infection.

DEMME, ALMQUIST, and oth-

ers have found micrococci

in the blebs. Pemphigoid
eruptions have however been

I
recorded which were appar-

ently due to nervous influ-

f ences (MEYER, DU MESNIL).

Six main varieties of pemphi-
gus have been distinguished, ac-

cording to their clinical course

and causation (KAPOSI, NEU-
MANN).

(1) Pemphigus acutus is an
acute affection manifested by an

eruption of scattered blebs, with
or without fever. The blebs last

a few hours or days, and then dry
up into crusts. When these fall

off the corium is covered with
new epidermis, and the attack is

at an end.

(2) Pemphigus chronicus vul-

garis is characterised by the for-

mation of large tense blebs ac-

companied by a certain degree of

fever. The eruption takes place
in successive crops. According to

the manner in which the blebs

are grouped dermatologists de-

scribe the eruption as pemphigus
disseminatus (scattered irregular-

ly), pemphigus confertus (closely

aggregated), pemphigus circinatus

(in rings), or pemphigus gyratus
and serpiginosus (in sinuous or

serpentine lines). The disease

lasts from two to six months, and
is.sometimes fatal (MOSLER).

(3) Pemphigusfoliaceus is the

severest form of the disease. It

is distinguished by its progressive
character, and the imperfect way
in which new epidermis is pro-
duced. After a course of months
or years the entire surface of the

body becomes involved? The skin

is then in some parts dry, brown, and parchment-like ;
in others red and weep-

ing ;
in others again covered over with crusts, and fissured in various ways.

(4) Pemphigus vegetans is a malignant variety which soon ends fatally.

The skin is beset with small-sized blebs, from whose base, after the epidermal

FIG. 27-4. ACUTE PEMPHIGUS.

{After a photograph by DEMME)



ART. 148] ECZEMA 515

covering or shell is removed, rises a close crop of gland-like, warty, and button-
shaped excrescences. These are surrounded first by an excoriated areola, and
outside this by serpiginous vesicular elevations of the epidermis, and exude a
foetid ichorous liquid that presently dries to a crust. The eruption begins in
the skin of the external genitals, the inner surface of the thighs, the axillae,
and the mucous membrane of the mouth, and in the end extends over the
entire surface, invading also the mucous membrane of the pharynx, larvnx,
vulva, vagina, and rectum. This variety of pemphigus was formerly looked
upon as of syphilitic origin.

(5) Pemphigus neuroticus accompanies certain affections of the nervoua
system.

(fy Pemphigus syphiliticus is dealt with in Art. 159.

References on Pemphigus.

ALMQUIST: Pemphigus neonatorum Z.f. Hygiene \ 1891
BULLOCH: Diplococci in acute pemphigus British J. of Dermat. 1895
CLAESSEN : idem Bert. klin. Woch. 1893
DEMME : Pemphigus acutus Verhandl. Congr. f. inn. Med. v Wiesbaden 1886.

and Wien. med. Blatter 1886
DU MESNIL : Aetiology of pemphigus vulgaris A.f. Derm, xxx 1895
MEYER: Pemphigoid dermatitis with changes in the nervous svstem V. A. 94

1883
MOSLER : Chronic pemphigus D. med. Woch. 1890
NEUMANN: Pemphigus vegetans (framboesioides) V.f. Derm, xm 1886
STRELITZ : Aetiology of pemphigus A.f. Kinderheilk. xvi 1892

148. Eczema is a skin-disease which may l>e acute or chronic.

The eruption consists of papules, vesicles, pustules, and crusts.

The skin is more or less diffusely reddened and swollen, and often

desquamates or 'weeps,' or is covered with large continuous scalxs.

Eczema is usually set up by external irritation. When the

irritation is slight or the skin is not susceptible to its action, the

eruption consists of small papules, and thus eczema papulotnm is

the mildest variety. More intense irritation causes small vesicles

to arise, and we have eczema vesiculomm ; when the vesicles dry

up they are cast off as scabs. If the irritation is still more

intense or the skin is highly susceptible, a considerable extent of

it becomes painfully swollen and red (eczema eryihematonm).
On this erythematous area vesicles arise whose contents are at

first clear, but soon become purulent (eczema vesiculovum et p\i*tu-

losum). When the upper shell of the vesicle is removed (as by

scratching), the exposed surface pours out liquid, and is said to

'weep' (eczema madidans). The epidermal surface, deprived of

its horny layer by desquamation or otherwise, has often a deep-

red tint (eczema rubruni). Yellowish crusts are formed by the

evaporation of the sero-purulent exudation poured out on the

surface (eczema crustosum'), and pus sometimes gathers beneath

the crust (eczema impetiyinotum or impetiginodet). In other

instances new epidermis is formed beneath the crust: when tin-

crusts are cast off the surface then looks red and brawny, and

scales are- freely shed (eczema tquamosum). As the disease dis-
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appears the skin gradually recovers its normal appearance, though
some slight pigmentation often remains.

An eczematous eruption consisting of pustules of the size of a

small pea, and drying into scabs, is often described as impetigo.
Much larger pustules, drying into brown scabs, constitute

ecthyma. The exciting cause of the suppuration is probably
the ordinary pyogenic micrococci.

Impetigo contagiosa (TILBURY Fox: B. M. J. 1 1864) is a

contagious eczematous eruption. It chiefly attacks ill-fed or

weakly children, and affects the head and limbs : vesicles as big
as a cherry-stone arise on a reddened base, and presently dry up
into yellow crusts.

The inflammatory process in this affection is often chronic, and
the skin is then beset with vesicles, pustules, crusts, and scabs,

all at the same time.

Impetigo herpetiformis (HEBRA and KAPOSI) is a peculiar
febrile affection, with an eruption of miliary pustules arranged in

clusters and rings. It is very probably a secondary result of

pyaemic infection, as it makes its appearance in the course

of pyaemia.
The textural changes in the cutis consist of serous and cellular

infiltrations of the connective tissue. The cellular infiltration is

especially abundant in the pustular and impetiginous varieties,

and the subcutaneous tissues are often infiltrated in the same way.
The liquid effused into the epidermis contains large numbers

of leucocytes, which are found not only in the vesicles but also

scattered among the unaltered epidermal cells, and even in their

interior. In many cases the epidermis perishes outright, and even
the papillae may be destroyed when the inflammation becomes

suppurative (eczema impetiginosum).
The after-effects of eczema are various. The milder forms

leave no trace behind, the skin being restored ad integrum. If the

papillae in particular spots have been injured or destroyed they
are not replaced, and a cicatrix is then produced. Chronic eczema

gives rise to pigmentation of the skin, and to hypertrophy of both

epidermis and corium ; when the hypertrophy is great the skin

appears thick and tough, as in elephantiasis, and when the papillae
are likewise enlarged the surface becomes warty and tuberculated.

Hypertrophy of the epidermis being generally accompanied by the

formation of plates, scales, and flakes, an appearance recalling that

of elephantiasis combined with keratosis (Art. 164) is produced.
So long as the inflammation persists the hypertrophied tissue is

thickly beset with clusters of round-cells.

References on Eczema and Impetigo.

BOCKHART : Aetiology of impetigo, furunculosis, and sycosis Monatsh. f. prakt.
Derm. Hamburg 1887

DEMME : Eczema Jahresbericht des Kinderspitals Berne 1884
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KAPOSI : Impetigo herpetiformis V.f. Derm, xiv 1887
DU MF.SNIL and MAKX: Impetigo her])etiforiiiis A.f. Derm, xxi 1889
NKISSKR : Pathology of eczema .1 ./. Derm, (supplement) 1892
PAVI.OFF:

Empeticula capillitii Mnnatsh.f.prak-t. Derm. i\ Hamburg 1889
UXNA: Impetigo contagiosa V.f. Derm, vn 1880

149. Small-pox or variola is a febrile disease characterised

by the eruption of papules, vesicles, and pustules, and due to the
infection of the system with a specific virus. After a certain

interval from the time of infection the skin, after the fading of a

not infrequent prodromal erythema, becomes beset with hard red

papules of the size of a pin-head, surrounded by a red areola.

Some of the papules enlarge and change into clear vesicles most
of which are ' umbilicated

'
or depressed in the centre. In two or

three days the contents of the vesicle become turbid, and the

vesicle changes to a pustule. At the same time the umbilication

usually disappears, and a zone of intense hyperaemia is formed
around the pustule. In three or four days it dries to a brown-
ish scab, and this in a few days more falls off, leaving behind a

slightly pitted spot, which may be red or white in colour: in a

short time the spot also disappears.

Many of the pustules leave behind scar-like pits, which are at

first dark-red, but afterwards become white. This is especially the

case when, as not infrequently occurs, haemorrhage takes place
into the pustule or into its neighbourhood, or when the eruption
is so copious that the pustules run together (confluent *m<i //-/>or).

The skin then appears rough and tuberculated and is much
swollen. When the cap of the pustule is forced off by the

accumulating pus beneath, the suppurating corium is laid bare,

and parts of it passing through the stages of suppuration or

sloughing and gangrene may be destroyed. The affected spots

have a yellow, dirty-grey, or black tinge.

The variety distinguished as haemorrhagie or black small -pox

(variola haemorrhagica), which usually ends fatally, is remarkable

for the dark-red colour (purpura variolosa^ Art. 186) which over-

spreads the entire surface of the body
as the fever sets in. Patches

of haemorrhage appear, and speedily enlarge. In other cases a

multitude of small hard papules appear on the skin, which i

intensely swollen. Haemorrhagie patches follow in from one to

twp days, and coalesce into larger ones.
'

The formation of the variolous vesicle logins with swelling up

of the cells of the mucous layer of the epidermis immediately

over the tips of the papillae, the cells coalescing into pale denu-

cleated masses. This is followed by solution of the majority of

the affected epidermal cells in the exudation which at this sta-<-

is poured out from the papillary vessels, while at the same time

the degenerative change is extending on all sides,

remnants of the epidermal tissue withstand solution, and

art- rhiHlv si uvds or degenerate masses consisting of denucleated
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(or sometimes nucleated) cells, which are stretched and com-

pressed by the accumulating exudation into fragmentary septa
and threads.

Thus, at the climax of the process, the pock or vesicle con-

sists of a cavity traversed by shreds and fibres (Fig. 275 /),
which in the centre reaches to the horny layer (i), but towards
its margin is separated from the latter (i^) by some of the sur-

face-layers of the epidermis. The floor of the cavity is formed
of remnants of the inter-papillary portion of the rete Malpighii
(#), and in part of denuded papillae (Ji). The papillae and the

upper layers of the cutis are swollen and beset with round-cells,
and the liquid contents of the vesicle already contain numerous

pus-corpuscles

FIG. 275. SECTION OF A VARIOLOUS VESICLE BECOMING PUSTULAR.

(Injected preparation, stained with haematoxylin : x 25)

the papillae, interspersed with pus-cor-
puscles

h papilla infiltrated with leucocytes
i umbilication over the thinnest part of

the cap of the vesicle

ii margins of the vesicle where the cap
consists of several layers of epidermis

a horny layer
6 rete Malpighii
d cutis
e vesicle

/ cavity of the vesicle containing pus-cor-
puscles at fi

g remnants of epidermal cells between

As the vesicle becomes a pustule, the number of pus-cor-

puscles which pass into the cavity from the papillary vessels

increases, and the shreds and septa break down. A crust is thus

formed, and when resolution takes place beneath it the cellular

infiltration is re-absorbed, and new epidermis grows in from the

margins, where the cells are uninjured.
When the destruction of tissue by the pock is limited to the

epidermis no scar remains ; when the papillae slough or suppu-
rate (A) the site of the pock is permanently marked by a cica-

tricial depression (pock-mark or pit).
The vesicles of vaccinia produced by vaccination are similar

in their structure and course to the variolous vesicles.

The infective disease of children called varicella or chicken-
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pox is characterised by the eruption of vesicles of different sizes,
which appear upon a reddened base and mature very rapidly.
Certain of the vesicles may resemble very closely the vesicles of

small-pox.

References on the Formation of the Vesicles of Small-Pox.

AUSPITZ : The eruption of small-pox Wien. med. Woch. 1867
AUSPITZ and BASCH : Histology of the variolous process V. A . 28 1863
BABES : Variola Ann. de VInst. de path. Bucharest n 1891
KLEIN: Minute anatomy of the epidermis in sheep-pox Q. J. microsc. science

xvii London 1877
TAPPE: Die Aetiologie und Histologie der Schafpocken Berlin 1881
TOUTON : Unters. iib. d. EnMehung d. Hauttilasen Tubingen 1882, and Ziegler'i

Beitrage n (p. 453) 1887
UXNA: The seat of the eruption in the epidermis V. A . 69 1877
WEIGERT : Anat. Bei.tr. z. Lehre. v. d. Pocken Breslau 1874-5

150. Psoriasis is a chronic disease of the skin characterised

by the formation of dry glistening white scales. These are piled

upon each other in small heaps, or over larger discoid patches
which have a definite red base. The eruption begins in minute
brownish-red nodules, which in the course of a few days become
covered over with epidermal .

scales. When the nodules are

numerous and discrete the disease is described as psoriasis punc-
tata : where the patches and scales are larger we have psoriasis

guttata and psoriasis nummularis. The larger scales also rest

upon a reddened base.

As the disease passes away the base becomes pale, and the

scales are shed. The skin may resume its normal appearance, or

remain pigmented for a time. Often the patches heal in the

centre, while the margins are still advancing. In this case the

affection is named psoriasis annularis or gyrata.
Psoriasis may occur at any spot, but it chiefly affects the

extensor surfaces of the knee and elbow, the scalp, and the

sacral region. Both the hair and the nails may be destroyed
in the course of the disease.

The histological changes induced by psoriasis relate essentially

to the epidermis, the papillae, and the upper strata of the corium.

The two latter are hyperaemic, and more or less densely infil-

trated with leucocytes. When the disease has lasted for some

time hyperplasia of the connective tissue, with enlargement of

the papillae, is usually set up. The morbid process occasionally

extends to the deeper layers of the corium and to the subcuta-

neous connective tissue.

As regards the epidermis, the cornification of

layers is interfered with, the cells as they come to the surface

appearing simply to shrivel and dry up, while the mutual cohe-

sion of the cellular layers is loosened (parakeratosis). The

aetiology of the disease is unknown.
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References on Psoriasis.

BEISSEL : Aetiology Monatsh. f. prakt. Dermal, v 1886
JAMIESON : The histology of psoriasis Edinburgh 1879, and Edin. med. Journ.

xxiv 1879
KROMAYER: Morbid anatomy of psoriasis A. f. Derm, xxn 1890
LANG, E. : Mycotic origin (Epidermidophylon) V. f. Derm, v 1878, and Volk-

mann's klin. Vortrdf/e no. 208 1881
NEUMANN : Histology Wien. med. Jahrb. 1879
PKCIRKA: Histology and nature of psoriasis A. bohemes de med. n 1887, and

Monatsh. f. prakt. Derm, vi 1887
RIES, E. : Morbid anatomy of psoriasis V. f. Derm, xv 1888
SCHUTZ : Pathology of psoriasis A.f. Derm. xxiv!892
THIX : Histology B. M. J. i 1881
WOLFF: Aetiology V. f. Derm, xi 1884

151. Pityriasis rubra (HEBRA), or general exfoliative der-

matitis, is a peculiar and rare affection of the skin, the only
symptoms of which throughout its entire course are redness and

desquamation. The scales are sometimes small, but they are

often of considerable size. After a time the skin becomes

smooth, shining, thin, and tense. The hair becomes thin and
falls out, and when the disease has lasted for some years general
marasmus and death ensue. The only textural change discover-

able in recent cases is a moderate amount of cellular infiltration

in the cutis and papillary layer. No special changes occur in the

epidermis, apart from those associated with desquamation. In

the later stages a certain amount of small-celled infiltration is also

found in isolated patches, but it is very unequally distributed.

The skin is generally much atrophied, the rete Malpighii being
notably thinned, while the papillae are depressed or have

altogether disappeared, and the corium and its fibrous bundles
have much the same look as in senile atrophy (Art. 139). The
sebaceous glands and the hair-follicles are obliterated. The cause

of the affection is unknown.

Prurigo is a disease beginning in infancy, and generally per-

sisting throughout life. In its early stages it is characterised by
an eruption of urticarial wheals, accompanied by severe itching
on the extensor surface of the limbs. When the affection has

existed for some time inflammatory nodules are formed, chiefly by
reason of the inevitable scratching, and over these the skin is

excoriated and often covered with small crusts. Eczematous
inflammation and erysipelas are apt to be superinduced. The
cause of the disease has not been discovered. AUSPITZ, H.

HEBRA, SCHWIMMER, and others, regard it as of neuropathic

origin.

Lupus erythematosus is a somewhat rare cutaneous affection

which begins with an eruption of one or more raised red specks or

spots varying in size from that of a pin's head to that of a small

pea (KAPOSI). Each spot is depressed in the centre, or glisten-
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ing and scar-like, or capped with a thin adherent scale. The
reddened margin advances gradually, while the centre cicatrises,and thus in the course of some months a red-bordered disc is
formed (lupus erythematosus discoides). In other cases the
disease advances not by the growth of old spots, but by the
continual development of new ones (lupus erythematosus ditsemi-
natus et aggregatus} .

The morbid process consists in an inflammation of the cutis,
especially in the neighbourhood of the sebaceous and sudori-
parous glands (KAPOSI and THIN). The epithelial cells of the
glands themselves multiply by proliferation, the epidermis is

swollen, and scales or sometimes vesicles are formed on its sur-
face. In the later stages both the epidermal and the fibrous
constituents of the skin become atrophied.

The affection occurs most frequently on the head, fingers,
toes, knees, and elbows. Its cause is not known. The discoid
form usually recovers, while the disseminated variety is subject to

frequent relapses.

References on Pityriasis Rubra, Pruriyo^ and Lupus
Erythematosus.

ELSENBERQ: Pityriasis rubra V.f. Derm, xiv 1887
GAY: Prurigo A.f. Derm, in 1871
HEBRA: Pityriasis rubra V.f. Derm, in 1876; Die krnnkh. Verand. der Haul

Brunswick 1884
HEBRA and KAPOSI : Diseases of the skin iv (New Syd. Soc.) Ixnidon 1878
JADASSOHN: Pityriasis rubra A. f. Derm, xxui 1891, and xxiv 1892 (with

references)
KROMAYER: Histology of prurigo A.f. Derm, xxn 1890
LELOIR : Lupus erythematosus A. dephysinl. n 189O
PETRINI and BABKS : Case of pityriasis rubra ,/ourn. <le ranat. 1890
SCHUTZ : Microscopical preparations of lupus erythematosus A.f. Derm, xxn

1890
TAYLOR and VAN GIBSON: Observations on prurigo clin. and pathol. New York

Med. Journ. 1891
THIN : Pathology of lupus erythematosus Metl.-chir. Tram. LVIII London 1874

152. Lichen (according to HEBHA and KAPOSI) is an erup-
tion of papules which remain as such and do not pass into any
higher form.

.Lichen scrofulosorum (scrofulodermia miliare, NEISSEB) is a

chronic cutaneous affection in which pink or brownish-red flat-

tened papules are formed, each capped with a small scale. The
condition is met with chiefly in tuberculous patients, and usually
affects the trunk. According to KAPOSI the morbid process con-

sists in cellular infiltration and exudation in and around the hair-

follicles and the sebaceous glands belonging thereto, and in the

neighbouring papillae. JACOBI maintains that the affection is a

tuberculous disease of the skin.

Lichen ruber acuminatus, according to KAPOSI, is characterised



5-22 INFLAMMATORY DISORDERS [CHAP. LIV

by the appearance of scattered hard red miliary nodules, each

capped with a little knot of epidermal cells, and tending to

coalesce into diffuse red scaly patches. These increase in size by
marginal extension, and in. the course of years may spread over

the entire surface of the body. On histological examination cel-

lular infiltration can be detected in the papillary layer, and round
about the vessels of the corium and the coiled tubules of the

sweat-glands. On these changes supervenes some hypertrophy
of the epidermis. LASSAR affirms that the disease is due to a

bacillus.

In lichen ruber planus the papules are flattened and umbili-

eated. They have a lustre like that of wax, they do not desqua-
mate, and they are either red or pale in tint. In the later stages
the papillae underneath the thickened epidermis become atrophied.

References on Lichen.

BENDER : Lichen ruber D. med. Woch. 1887
CASPARY : Lichen ruber V. f. Derm, xv 1888
JACOBI : Pathogenesis of lichen scrofulosorum Verhandl. der deutschen dermatol.

Gesellsch. Vienna 1892
KAPOSI: A.f. Derm, xxi 1889
LUKASIEWICZ: Lichen scrofulosorum A.f. Derm, xxvi 1894
NEISSER : The present position of the lichen-question A.f. Derm, xxvm 1894
NEUMANN : Lichen ruber and pityriasis pilaris A.f. Derm, xxiv 1892
POSPELOW: Lichen ruber planus A.f. Derm, xn 1885
RONA : Lichen ruber Monatsh. f. prakt. Derm, vn Hamburg 1888
TAYLOR : Lichen ruber New York Med. Journ. 1889.

TOROK : Histology of lichen planus Ziegler's Beitrdge vin 1890
TOUTON : Lichen ruber planus Berl. klin. Woch. 1886

153. Erysipelas is an acute inflammation of the integument
caused by a streptococcus (Fig. 276 a), which enters the skin by
means of small wounds, and spreads chiefly by way of the

lymphatic system (Fig. 276 a b and Fig. 277 h i). Occasionally
the micrococci penetrate from the lymph-vessels to the circum-

FIG. 276. COLONY OF STREPTOCOCCUS ERYSIPELATIS.

(Preparationfrom the ear of a rabbit two days after inoculation with the streptococcus:
stained with gentian-violet, and mounted in Canada balsam : X 250)

streptococci within the lymph-vessel b,

grouped partly in globular masses
and partly in chaplets like torulae

tissue surrounding the lymph-vessel,
with pale non-staining nuclei

d vein
e circumvenous cellular infiltration

/ cells within a lymph-vessel
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jacent tissues Degeneration (Fig. 276 *) and inflammation (Fig.

or-inisms"^
S

-

l) *** iilllllml wherever the micro-

Clinically the affection takes the form of gradually-extendingredness and swelling of the skin, accompanied bv fever

'

I he
early stages the skin appears tense and shining and of' a brightred tint. Presently it becomes more livid or brown, the Bwelhn*
goes down, and the epidermis is thrown off in scales and thkes

'

Sometimes the exudation is more copious and tends toward
the surface m which case vesicles (Fig. 277 c) and blebs are
formed, and the eruption is described as eryiijula* vericuloium
or bullosum. When the contents of the vesicles become purulent

Fio. 277. SECTION <>F THE SKIN IN ERYSIPELAS BITLLOBUM.

(Preparation hardened in alcohol, stained with alum-carmine, <in<l mounted in
Canada balsam : X (50)

a epidermis c bleb or bulla
6 corium d roof of the bleb
f vacuolated epidermal cell

/ swollen cell and nucleus
g g\ cavities produced by solution of epi-

dermal cells, containing detritus of

\ cells and
piis-oorpusrlesA lymph-vessel partly filled with strep-

tococci

t lymph-vessel completely filled with
streptococci

k streptococci in the substance of the
tissue

/ /i neorotic tissue

m cellular infiltration

m
l flbiino-cellolar infiltration

n fibriiio-cellular exudation within the
bleb .

we have erysipelas pustiilogum, which as the papules dry up into

scabs passes into erysipelas cnistosum ; or if jwrtions of the skin

become necrotic (I ^) and gangrenous, into erysipela* gangraen-
osum.

The histological change, other than the inflammatory hyper-
aemia, consists of more or less abundant cellular and serous

(Fig. 277. m) or cellular and fibrinoiis ( >, ) intiltnition of the
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skin. The blebs are formed by the swelling (/), liquefaction,
and disintegration of the cells of the rete Malpighii (<? g^). As
the liquefaction commences at various points within the bleb,
the cavities (# g-^) first formed are small, and separated from

each other by cellular shreds that

are elongated and distorted in

various ways.
Phlegmon or phlegmonous

inflammation of the skin (some-
times called cellulitis) is usually
caused by the Streptococcus pyo-
genes. Its favourite seat is in

the subcutaneous tissue (Fig.
278 d~) whence it extends towards
the surface, and issues in sup-

puration. The corium is more
or less densely infiltrated with
cells (e). When the skin becomes
swollen by the accompanying
oedema the epidermis at certain

points is sometimes raised en

masse, and sub-epidermal bullae

(/) are thus produced.

Phlegmonous inflammation

involving the fingers is spoken
of as -whitlow or felon (panar-
itium cutaneum and subcutaneum,
or paronychia tendinosa).

Where the epidermis is thin,

the skin is usually reddened and
often shining, especially when
the corium is the seat of the in-

flammation, the process thus re-

sembling erysipelas in its general
course and appearance.

In mild cases the phlegmonous
inflammation undergoes resolu-

tion and the exudation is ab-

sorbed ; but as a rule suppura-
tion takes place at some points,
and gangrenous necrosis of the

skin itself, or of underlying
structures such as fasciae, is not

uncommon. Superficial or deep
abscesses containing* necrotic

shreds and sloughs, and sometimes foetid pus, are thus produced,
and these by and by rupture outwards. By direct extension the

destructive process may extend laterally and vertically, and ulti-

FIG. 278. PHLEGMON OF THE SUBCU-
TANEOUS TISSUE, WITH AN OEDEMA-
TOUS BULLA.

(Preparation hardened in Mailer's fluid,
stained with haematoxylin and eosin,
and mounted in Canada balsam:
X 30)

a corium b epidermis
c inflamed and infiltrated adipose layer
d collection of pus
e cellular infiltration of the corium

/ sub-epidermal oedematous bulla
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mately lead to lymphangitis, lymphadenitis, and pyaemia. In
favourable cases however the purulent infiltration and suppura-tion are limited by the development of granulations and cicatri-
cial tissue in the wall of the abscess. Evacuation of the abscess
is followed by extrusion of the dead tissue, the infiltration in-
vading the living tissue is re-absorbed, and cicatrisation Uikes
place.

154. Acne is the general name given to localised inflamma-
tions surrounding the hair-follicles and the associated sebaceous
glands. It gives rise to small red nodules or pimples, in which
may be noticed the dark head of a comedo, or a minute collection
of pus.

The tissue around the hair-follicle and sebaceous gland maybe simply hyperaemic and infiltrated with cells, or it may undergo
partial suppuration, and according to the variations in the severity
of the process the forms acne indurata, acne punctata, and acne
pustulosa are distinguished. Ultimately however the sebaceous
gland, and sometimes the hair-follicle also, are destroyed by sup-
puration.

Acne mentagra (sycosis simplex or folliculitis barbae) is a sup-
purative inflammation of the hair-follicle and the tissue about it.

It gives rise to papules and pustules, many of which are perfo-
rated by hairs. The parts affected are those adjacent to the hairy
portions of the body, especially the beard.

Parasitic sycosis resembles acne mentagra in its appearance,
but it is said to be due to the invasion of a filamentous or mycelial
fungus (Art, 161).

Boils or furunculi are due to inflammation of the tissue sur-

rounding a sebaceous gland, hair-follicle, or sweat-gland, being
distinguished from the pimples or pustules of acne by the much
greater extent and intensity of the inflammation. A hard some-
what large dark-red swelling is at first produced, and this pres-

ently encloses in its centre a l core
'

or slough of necrosed tissue :

as the tissue around it suppurates the core is loosened, and ulti-

mately cast off when the boil ' breaks.'

Carbuncle or simple anthrax resembles a boil in many re-

spects ; but it extends over a greater area, and gives rise to a firm

livid swelling which may reach the size of the palm of the hund or

mo^e. The affected skin usually necroses, and is transformed into

a dark livid pulp or a continuous slough. Necrosis and suppuration
also ensue in the deeper portions of the tissue, the pus breaking

through at various points. The sloughing mass is ultimately loos-

ened and cast off, and an open granulating wound is left.

The pus from the pimples of acne, boils, and carbuncles usually
contain staphylococci.

Small pustular abscesses resembling those of acne may develop* around the

sweat-glands: the process is sometimes referred to as hidroadenitia. See
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VERNKUIL : Phlegmonous hidroadenitis A. gen. de med. 1864; POLLITZER :

Suppurative hidroadenitis Monalsh.f. prakt. Derm. Hamburg 1892
;
PKTERSEN :

Affections of the sweat-glands A . f. Derm, xxv 1893; DUBREUILH : Suppura-
tive hidroadenitis A. de med. exp. \ 1893.

155. Malignant pustule or specific anthrax is a cutaneous
affection caused by the invasion of the Bacillus anthracis, and ap-

pears from one to fourteen days after infection. The infection

?=^?:S^^^S^S^pl^

Fio. 279. MALIGNANT PUSTULE.

(Pustule ten days oldfrom the arm of a man : preparation hardened in alcohol, stained
with gentian-violet, iodine, and vesuvin, and mounted in Canada balsam : X 35)

a epidermis
6 coriura
c oedematous and swollen papillae infil-

trated with inflammatory exudation
and containing bacilli

d surface of the coriura infiltrated with
cells and containing bacilli

e deeper layers of the corium traversed

by strings of cells

/ coriura containing bacilli and leucocytes
g blood-stained exudation ou the surface,

containing bacilli

h hair-follicle

i coiled tubules of sweat-glands

starts in some slight wound, such as the sting of an insect. In
most cases at the seat of inoculation a boil is formed, varying from
six millimetres to several centimetres in diameter, and rising
above the surface as a rounded or flattened swelling (Kig. 279).
It is red or yellowish-red in colour, and after a time vesicles are

often formed on its surface, and a clear or blood-stained liquid (#)

may exude when the epidermis is partially exfoliated. As the
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exudation dries crusts are formed, and these, if they lie over the
centre of the swelling, occasionally cause it to apj>ear depressedor umbihcated, the margin rising like a rampart round the boil.
The tissue adjoining the pustule is in some cases hut slightly
altered, in others it is reddened and swollen or studded with small
yellowish or livid vesicles (Kocn). When the process remains
local the pustule becomes a gangrenous slough and is cast off, hut
if general infection by way of the blood takes place the affection is
fatal. In rare cases local inoculation is followed at once by intense
and wide-spread oedematous swelling, no pustule or other circum-
scribed elevation being formed.

Within a mature pustule of anthrax (Fig. 279) the papillary
layer and the corium are beset with bacilli (c df) and infiltrated
with cellular (rf/) and serous (<?) exudations. The liquid exu-
dation, containing blood and bacilli, is found chiefly about the

papillary layer (c), and as the epidermis exfoliates transudes to
the surface ; the cellular infiltration (d ) is densest in the deej>er
layers. When vesicles are formed the epidermis over the oede-
matous and swollen papillae is raised by the exudation.

In very rare cases (WEIGEKT, WALDEYEH) the bacilli are

conveyed from the pustule to other parts of the skin, and give
rise to red spots, papules, and vesicles.

Inflammations of the skin resembling that due to anthrax are

occasionally set up by the invasion of pyogenic micrococci, the
affection starting from some- small wound of the surface.

Hospital gangrene or phagedaena (gan</raena nosocomi-

aliiT) is a traumatic infective disease which may attack any
wound, but is most apt to occur in connexion with minor surface

wounds, like those due to cupping or leech-bites. The infected

wound assumes a dirty-yellow or grey tint and becomes gangre-
nous. When it contains granulations they become discoloured

and change into a yellowish creamy pulp which speedily breaks
down and liquefies, and the wound secretes a putrid serous or

sanious liquid.
Decubital gangrene, or gangrenous bed-sore, is a progressive

gangrenous necrosis of the integument, which occurs in emaciated

patients whose circulation is enfeebled by oligaemia and cardiac

weakness. Slight pressure is therefore enough to cause necrosis

of the skin. The affected parts are livid or black, and under the

influence of septic micro-organisms become putrid and break

down. The commonest sites of such bed-sores are over the

sacrum, great trochanters, and heels. They are often not limited

to the skin, but extend to the deeper soft parts and even to the

bones.

Perforating ulcer of the foot (malum perforan* pedit) is

a peculiar affection of the foot which begins with the formation

of an induration, beneath which a deeply penetrating ulcer is

rapidly produced, at whose base even the bone may UI..HH-
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inflamed and necrotic. Many writers (DiiPLAY, MORAT,
SCHWIMMER, PITRES, VATLLARD) regard the affection as a tro-

pho-neurotic form of inflammation. It is however beyond doubt
that simple mechanical injury, from pressure, friction, etc., is cap-
able of producing it, and accordingly it occurs most frequently
in parts that are subjected to pressure. The supervention of

ulceration is favoured by the deficient nutrition of the tissues of

the foot resulting from sclerosis and atheroma of its arteries, or

it may be in certain cases from disorder of its innervation.

Tropical ulcer, Penjdeh boil, or oriental sore (HEYDENREICH : Das
Penile 'sche Geschiuiir St Petersburg 1888, reviewed in Centralbl.f. Bakteriologie
v 1889), is a cutaneous affection that under various local names is endemic ill

sub-tropical countries. It begins as an eruption of single or multiple papules
and pustules, which break down into ulcers varying in size from that of a pea
to that of a plum, or even larger. They usually heal, leaving behind a super-
ficial scar. According to HEYDENREICH, the exciting cause is a capsulated
mici'ococcus.

Ainhum (PA SILVA LIMA : Arch, of Derm, vi 1888) is a peculiar disease

of the toes to which negroes of African descent are liable. An encircling con-

striction appears at the level of the digito-plantar fold of the fifth or some-
times of the fourth toe, while the toe itself swells, and after a time its surface

becomes raw and scaly. Ultimately the toe drops off by spontaneous amputa-
tion. The cause of the disease is unknown.

References on Perforating Ulcer of the Foot and G-angrene of
the Skin.

DOUTRELEPOXT : Acute multiple gangrene of the skin A. f. Derm, xm 1886,
A . f. Derm, xxn 1890

DUPLAY: Perforating ulcer Arch. gen. de me'd. i 1873, and Journ. de me'd. et

chir. prat. 46 1875
FISHER : idem A.f. klin. Chir. xvm 1875
LAGRANGE : Multiple origin of perforating ulcer Semaine me'd. no. 48 1886
MORAT and DUPLAY: A. yen. de me'd. 1 1873
PITRES and VAILLARD : Nervous changes in perforating ulcer A. de physiol. v

1885
SAVORY and BUTLIN : Perforating ulcer Med.-chir. Trans. LXII London 1879

(with references)
SCHWIMMER: Chronic skin affections Ziemssen's Handb. d. spec. Path, xiv

156. Ulcers of the skin. A cutaneous ulcer is an open
wound involving loss of substance in the cutis, the tissues of its

floor and margins being infiltrated with inflammatory products
and undergoing progressive molecular disintegration.

Ulcers are the result of necrosis befalling a portion of skin

which has been previously infiltrated with inflammatory products.
The progressive disintegration of tissue and the consequent en-

largement of the ulcer depend either on some morbid" predispo-
sition in the tissue itself, or on the nature and mode of action of

the injurious agent which sets up the inflammation. Examples
of both these varieties of ulcer have been described in the pre-
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ceding paragraphs, and will have again to be considered under
the heads of tuberculosis, leprosy, and syphilis. Two siweial
forms of ulceration of the skin must however be here referred
to the varicose and the venereal.

The varicose ulcer is primarily due to local venous engorge-
ment, leading to dilatation of the cutaneous veins and oedema-
tous infiltration of the tissues. The engorged skin becomes very
susceptible to injury, comparatively slight scratches and wounds
sufficing to induce cellular infiltration, suppuration, and necrosis.
Ulcers are thus produced which, though they granulate readily,do not heal so long as the exciting cause persists. Not only does
the granulating surface fail to 'skin over,' but it often continues
to extend more and more widely, till in some cases it reaches an
enormous size.

The surrounding fibrous tissue becomes thickened in conse-

quence of the long-standing oedema and the formation of new
connective tissue, and so assumes a brawny or callous appearance.
The granulations exhibit no special characters when examined
under the microscope, and may be either scanty or exuberant

('proud flesh').
The epidermis bordering on the granulations, and covering

them over along a narrow marginal zone, often thrusts in pro-
longations and offshoots into the midst of them, but does not
advance in the normal manner over their surface. The tissues

around and underlying the 'ulcer usually exhibit changes due to

persistent engorgement, such as cyanotic discoloration, desquama-
tion of the epidermis, dilated veins, oedematous infiltration, etc.

The most common site of these ulcers is on the leg.
The venereal ulcer or soft chancre (chancroid, ulcus molle)

is a contagious local affection of venereal origin, and therefore

usually situated on the genitals. It begins some twenty-four
hours after infection as a vesicle or pustule, which rapidly Ijecomcft

an ulcer with a yellowish base and a reddened border. It extends

by the progressive molecular disintegration of the marginal tissue.

The edges and floor of the ulcer are very thickly infiltrated with

cells, and these as they near the surface pass through successive

stages of degeneration and decay, and at length form a superficial

layer of structureless detritus. A soft chancre may give rise to

lymphangitis and lymphadenitis (bubo), but not to syphilitic- in-

fection. According to KHKFTING, DUCHEY, PETKHSEN, MKKMKL,
and SPIETSCHKA, it is probable that the soft chancre is due to a

bacillus, though it also contains pyogenic micrococci, and non-

syphilitic bubos seem indeed to be mainly due to these latter

organisms.
When a patient is infected simultaneously with the venereal

poison of soft chancre and with syphilis, the base of the soft

chancre becomes indurated in the third or fourth week after inlV, -

tion, and.the soft chancre is thus convert. -d into ;i hard chancre
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(ulcus induratum). If the soft chancre has by this time already
healed, the induration characteristic of syphilis appears in the

cicatrix.

References on Soft Chancre.

BENDER: Cent. f. Bakteriologie in 1888
DUCREY : Experimental researches Monatsh. f. prakt. Derm, ix Hamburg 1889,

and Compte rendu du conyr. internal, de dermatologie Paris 1890.
FINGER : Differentiation from the initial sclerosis of syphilis V. f. Derm. 1885
KREFTING : Bacteriology of ulcus niolle A. f. Derm. 1892
LANG : Das venerische Geschtvur Wiesbaden 1887
MERMEL: The microbe of soft chancre A. gen. de med. 1893
PETERSEN: Bacilli of ulcus molle Cent. f. Bakteriologie xm, and A. f. Derm.

xxix 1894
SPIETSCHKA : Aetiology of venereal bubo A. f. Derm, xxvm 1894

157. The granulomata affecting the skin are chiefly due to

known infections, such as tuberculosis, syphilis, leprosy, and rhi-

noscleroma, though forms are occasionally met with whose cause

is unknown. Some of these develope in connexion with trau-

matic injuries, others without any apparent external cause.

Traumatic granulomata start from various kinds of wounds,
often of a trifling character, and take the form of papillomatous
or fungating soft red growths, composed of granulation-tissue

abounding in vessels and cells. Whether the growths are due to

something special in the mode of irritation, or in the tissue itself,

is not known. In adults they are commonest about the head: in

new-born infants they not infrequently develope in the course of

the first week about the umbilical stump, where they appear as

small deep-red nodules which are sometimes as large as a pea.

According to KUSTNER these growths in rare cases enclose gland-
ular tubules, similar in structure to those of the intestine, and

probably derived from remnants of the omphalo-mesenteric duct.

Papillomatous dermatitis of the scalp (KAPOSI) or sycosis
framboesiformis (HEBRA) is a granulomatous growth giving rise

to firm red superficial tuberous and raspberry-like excrescences

(framboesia non-syphilitica), that are usually well covered with

epidermis, though here and there they are moist or encrusted with
scabs. They are seated most frequently on the back of the head
and neck, and measure from 0-5 to 3 centimetres across at the

base ; when numerous they sometimes become confluent. The

exciting cause is unknown. In histological structure they re-

semble tropical framboesia or yaws, an endemic contagious dis-

ease of the skin prevalent on the western coast of Africa, in

Senegal, on the Congo, in the Malay Archipelago, and, in South
America.

Granuloma fungoides (mycosis fungoides (ALIBERT) or papil-
loma areo-elevatum) is a peculiar and rare cutaneous affection,

taking the form of weeping and scaly eczematoid infiltrated
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patches as large as the hand, or of papillomatous and nodular

granulomatous growths from the size of a pea to that of a pigeon's
egg. The growths may appear on any part of the body, and
undergo ulceration, or heal up leaving patches of pigmentation.
They are sometimes associated with swellings of the lymph-glands.
The affection is accompanied by itching of the skin, and after a
duration of some years it terminates fatally from general maras-
mus. Its aetiology is unknown.

Rhinoscleroma is a rare tumour-like granuloma due to a

specific bacillus : it affects the skin of the nose, the fauces, and
the larynx. On the nose it forms hard greyish-red nodes covered
with normal epidermis ;

in the mucous membrane of the naso-

pharynx and larynx the growths are flat, becoming puckered and
shrunken as they cicatrise. The nodes are composed of highly-
cellular granulation-tissue, extending into the adjacent structures

in the form of rounded or elongated offshoots. In some places
the tissue contains vacuolated cells and hyaline bodies.

References on Rhinoscleroma and it* Bacillus.

ALVAREZ : Pathology of rhinoscleroma A. de physiol. vn 1886
BENDER: Report on its aetiology Cent.f. Bakttriologie i 1887
(' m \ m : Laryngeal stenosis etc. Wen. med. Jahrb. 1882. Prager Z.f. Htilk. vi

1885
CORNIL: Lemons professces pendant I'anni'e 188:1-84 Paris 1885 (1st half-year),

and Journ, d. connaissances med. VIM 1886
CORNIL and ALVAREZ: History --I. de phyxiol. vi 1885
DITTRICU: Rhinoscleroma Prayer Z.f.'Heili: VIM 1887; Aetiology Ctnt. /.

Bakteriologie v 1889
VON FRISCH: Aetiology Wien. med. Worh. xxxu 1882

JAFFINGER : Das Sklerom d. Schleimhaut d. Nose etc. Vienna 1892

KOBNER: Vereinf. inn. Med. Berlin 1885
LANG: Rhinoscleroma Wien. med. Woch. xxxni 1883

MIBELLI: Histology Monatsh. f. prnkt. Derm. VIM 1889

MIKULICZ: Rhinoscleroma .1. f. klin. Chir. \\ 1876

NIKIFOROFF : idem A. f. exp. Path, xxiv 1888

PALTAUF : Aetiology Wien. klin. Woch. 1891, 1892

PAWLOWSKY: Aetiology Cent.f. ally. Path, i (p. 001)

PAYNE and SEMON : Case Trans. Path. Sor. xxxvi London 188

PELLIZZAKI : // rinoscleroma Florence 1883

STEPAXOW: Inoculation experiments Cent.f. Bakterioloyu v IBS

Monatsschr.f. Ohrenheilk. 1893
WOLKOWITSCII : Histology and parasitic origin Cent.f. med. II

Rhinoscleroma . 1. f. klin. Chir. xxxviu 1889

ZAGARI : Aetiological researches Giorn. internaz. d. tcienze med. XI J
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KtisTER : A.f. klin. Chir. xvi 1874
KUSTNER: V. A. 691877
WEBER, F. : Beitr. zur path. Anat. der Neugebornen in Kiel 1851-3

158. Tuberculosis of the skin usually appears in the form
of superficial ulcers on parts near orifices that are covered with

mucous membrane, in other words about the head, the genitals,
and the anus ; they are rarely met with in other portions of the

body. The ulcers are round or oval, their margins somewhat
infiltrated and sinuous, and their bases and the adjacent tissue

beset with nodular granulations.
A second form, formerly described as scrofulodermia, begins

with the formation of circumscribed and isolated nodular granu-
lomatous deposits seated chiefly in the subcutaneous connective

tissue, and giving rise to swelling and lividity of the skin. These
break through and discharge a thin yellowish-white liquid, and
leave behind ulcers with livid undermined borders, and floors

covered over with thin granulations and necrotic detritus. This

form occurs chiefly in children as an accompaniment of wide-

spread chronic tuberculosis (scrofula) of different organs, the

tuberculous eruption, caseation, and destruction of tissue often

starting in the lymph-glands. The commonest seat of the affec-

tion is about the face and in the cervical and nuchal regions.

Lupus vulgaris is a form of primary cutaneous tuberculosis,

starting at one point, or in rare cases at more than one. It is

accompanied or followed by tuberculosis of other organs, and
occurs chiefly in children of from three to ten years of age. The
affection usually attacks the face (Fig. 280) or the limbs ; it sel-

dom begins on the trunk.

The process consists essentially in the formation of vascular

and non-vascular granulomatous nodes (Fig. 281 d e), often ex-

actly resembling typical tubercles, and containing bacilli. The
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may break down and disappear by resorption, though as
they soften the sub-epidermal foci often rupture through the ski i

(<?), and give rise to suppurating ulcers which become coveredover with crust*. Diffuse infiltration and fibrous hyperpSSa
generally take place between the nodes, or exuberant granulatio,
grow up and protrude above the surface of the skin. Ingrowt !

of epidermis penetrating between the proliferous granulations (h \

give the structure an appearance not unlike that of carcinoma*rom the outset or during the progress of the disease, which
extends radially from the starting point, red and yellowish-brown

th or scaly spots (lupus maculosus) apjxMir over the deep-
lying nodes, and these

readily give way when
pressed upon with a

probe. When the nodes
lie close together, brown-
ish-red or brownish-yel-
low spots are formed
and afterwards sink in

as the central portions
of the nodes are re-

absorbed. The surface
at the same time lie-

comes smooth owing to

the destruction of the

papillae, and the epi-
dermis becomes fissured

and exfoliates (lupus
exfoliativus). As the
tissue disintegrates ul-

cers are produced and
become covered over
with pus and crusts

(lupus exulceran* or

exedens). In other
cases smooth radiating
scars appear in the cen-

tre of the patch, while
the* process extends at the margins (lupus terpiginonui). Warty
or papillomatous excrescences (lupus franikoesioides, papiUarit^

verrucosus), or tuberous growths (lupus tul>erosus, nodofim, hi/per-

trophicuS) tumidus), may develope beneath the epidermis or on the

floors of the ulcers, the protuberances being generally covered
over with crusts or epidermal scales. These changes usually
give rise in the course of years to very extensive destruction,
which in the face, for example (Fig. 280), produces extreme de-

formity and disfigurement. The nose, the lips, and the eye-lids

may be nearly destroyed, and are generally much distorted by

FlG. 'J80. llvPKKTKUPHir LL'PUS OK THK FACE.

(From a photograph by DEMMK of Bertie)
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the cicatrices. On the limbs thickenings similar to those of

acquired elephantiasis are not uncommon. They consist of newly-
formed connective tissue, granulomatous nodes, and necrotic tis-

sue, and are usually beset with brown tuberosities or papilloma-
tous growths, whose surface is moist or scaly and crusty.

Cadaveric or necrogenous warts are due to tuberculous inoc-

ulation of the skin ; they are most apt to affect anatomists and

dissecting-room attendants, and arise from inflammatory over-

growth of the papillary layer, with the formation of tubercles

therein, and simultaneous hypertrophy of the epidermis. This is

one of the forms of traumatic tuberculosis, and is analogous to

the other varieties produced in the skin and subcutaneous tissue

FIG. 281. PATCH OF LUPUS VULGARIS.

(Carmine preparation : X 25)

normal epidermis e

normal cutis with sweat-gland i f
focus of lupus-tissue g
vascular nodule surrounded by diffuse h
cellular infiltration i

non-vascular nodule
strings of cells

lupous ulcer

proliferous epidermis
sweat-gland

by inoculation of the tuberculous virus, such as that sometimes

developed in the lobes of the ears after they have been pierced
for ear-rings. Pyogenic infection is liable to take place at the

same time or subsequently, and give rise to pustular eruptions or

to deep-seated purulent inflammation and lymphangitis. The
result is an affection intermediate in character between suppura-
tion and tuberculous disease.

When the tuberculous foci in the skin do not disintegrate and
break down, large tumour-like nodes are apt to develope from
them. Small cutaneous tubercles sometimes assume tKe appear-,
ance of lichen (Art. 152).



ART. 159] HARD CHANCRE 686

References on Tuberculoi of the Skin.

BENDER: The connexion of lupus vulgaris with tulierculosis D med Woch
1886

BLOCK: Aetiology and pathogenesis of lupus vulgaris I'./. Derm, xm 1886
BRUGGER : Tuberculosis verrucosa cutis I'. .1 . 1 1!) 1890
DEMME: The bacilli in lu{)ous patches lierl. kirn. Woch. 1883; Tulwrculous

eczema Jahresber. d. Jenner'schen Kinders/iitulx \\ \\i Ik-rn*- 1883-84
DOCTBKLEPONT : Aetiology of lupus vulsjaris Cninpt. rend, internal, med. Congr.

Copenhagen 1884, V.f Derm, xi 1884
; Lupus and cutaneous tuherculoua

D. med. Woch. 1887; Cutaneous tuberculosis .1. f. Derm, xxix 1894
DUBKPUILR and AUCIIE: Cutaneous tuberculosis A. denu'd. ex/>. n 189O
FINGER: The identity of lupus and tuberculosis Cent.f. Bakttriologie ulBStl\

Tuberculosis verrucosa cutis (so-called cadaveric wart) I), med. Woch. 1888
FRIEDLANDER: Lupus Volkmann's klin. Vortruge no. (it 1874; I'. .1.001874
HANOT: Cutaneous tuberculosis A. de phy* iol. VIM 1886
HAUG : Tuberculosis of the ear Ziegler's Beitrage xvi 1894
HELLER and HIRSCII: Tuberculosis verrucosa A.f. Derm, xxvi 1892
JADASSOHN: Inoculation of lupus V. A. 1'Jl 1890
KARG: Tubercle-bacilli in a so-called cadaveric tubercule Cent. f. Chir. 1885
KNICKENBERG : Tuberculosis verrucosa A.f. Derm, xxvi 1892
LELOIR : Lupus Verneu'd's Etudes sur la tuberculose n Paris 1890; Erythema-

toid lupus vulgaris A. de physiol. HI 1891 [1886
DE MAGNY: Contrib. a I'etude de Vinoculation tnberculeuse che: I'homme Paris

MANGELSDORFF: Elephantiasis-like form of lupus in the limbs Inaug. Diu.
Greifswald 1885

MOREL-LAVALLEE : Scrofulotuberculosis of the skin I'erneuira jZtudes sur la

tuberculose n Paris 1888
PFEIKFER and PAGENSTECHER : Lupus or tulierculosis (bacilli in lupous

patches) Berl kiin. Woch. 1883
PICK: Tuberculous diseases of the skin Prayer med. Woch. xiv 1889
RIEHL : Tubercle-bacilli in a necrogenous wart Cent. f. Chir. 1885
RIEIIL and PALTAUF: Tuberculosis verrucosa cutis V.f. D>rm. xm 1886

159. The initial manifes-

tation of syphilis in the skin

makes its appearance ten to

thirty days after infection in

the form of a sharply-defined
resistent induration, within

which the tissue is infiltrated

with numerous small round-

cells (Fig. 282 a), interspersed
at times with large epithelioid
ceDs (A) and multinuclear

giant-cells (<?). This indurated

sore is called the initial scler-

osis of syphilis (true Hunte-
rian chancre or syphilitic

induration).
Sometimes the initial scler-

osis appears as a papule over which the epidermis speedily

desquamates ; but more frequently it has the appearance of a flat

parchment-like disc, or is rounded, bean-shaped, or c\ hn.lnral in

Fir.. '-S'2. INITIAL SCLKKOSI* or SYPHILIS.

(Preparation stainrd with aluin-carmint :

X 390)

a Infiltrated round-cells

6 large uniclear formative cells

c multinuclear formative celU
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form. After some weeks the sclerosis generally disappears, and
in some cases leaves behind it a persistent scar-like induration :

more frequently however the epidermis exfoliates and the super-
ficial layers of the corium break down, leaving an erosion that be-

comes an ulcer or hard chancre. In rare cases a vesicle is formed,
which afterwards bursts and leaves behind it an ulcerous sore.

The size of the ulcer with its indurated base varies in different

cases, depending chiefly on its situation and surroundings ; these

are often such as to intensify the lesion and increase the amount
of inflammation and ulceration. The surface of the ulcer secretes

thin pus and at times casts off sloughs of necrotic tissue. The
floor rarely granulates freely, but now and again papillomatous

outgrowths arise from it (venereal papilloma). Under suitable

treatment the ulcers generally heal, but some induration usually

persists for a long while in the scar.

When the initial manifestation takes the form of a papule,
a prominent nodule is produced varying in size from that of a

grain of barley to that of a pea, and dusky blue to pale red in

colour. This increases in size, remaining rounded or becoming
more flattened as it spreads, but still raised slightly above the

surface. On dry parts of the body the epidermis desquamates
and the surface of the papule becomes crusted over ; on the moist

parts it 'weeps.' Ulcers are ultimately formed by disintegration
of the tissue. Resolution may take place by resorption of the in-

filtration, and pigmented spots and scars, or occasionally small firm

pale papules having the colour of the skin (LANG), remain behind.

The cutaneous eruptions or syphilides resulting from the

dissemination within the body of the syphilitic virus may appear
on any part of its surface, though they generally show first on
the trunk, and afterwards on the face and limbs. They usually
take the form of roseolar spots, papules, pustules, and superficial
or deep-seated gummata; in rare cases pigmented and scaly spots

appear without any antecedent eruption (LANG).
Syphilitic roseola appears most frequently on the trunk, but

it sometimes spreads over the entire surface of the body, and con-

sists of slightly-raised spots (maculo-papular syphilide), varying
from the size of a pea to that of a finger-nail. The tissue within

these spots is infiltrated and its cells are proliferous. In one

or two weeks the eruption becomes dirty-brown or grey in colour,

and usually disappears in three or four weeks.
The papular syphilide begins as an eruption of red specks

from the size of a pin's head to that of a lentil, upon which pap-
ules arise varying in size from that of a millet-seed to that of

a pea, and pointed, rounded, or flattened in shape. The eruption
is distinguished, according to the size of the papules, As a small-

papular (miliary) or large-papular (lenticular) syphilide. The
first looks very like lichen ruber, and is therefore described as

lichen syphiliticus. The tissue within the papules is infiltrated
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of proliferation ;

they become covered with desquamated epidermal1 hey sometimes leave behind brown* or grey pigmeTtewhich afterwards grow paler and sometimes^ ther
entirely. In certain cases vesicles and pustules supervene on the
papules (vesicular syphilide, herpes lyphilitwu, or impetigo , vphi-htica\ and as they dry up form scabs. On the palmar and
plantar surfaces the papules as a rule remain flattened, becoming
thickly covered, as the eruption declines, with membranous em-
lermal scales (psoriasis palmarit et plantaris syphilitica)

Fio. 283. PUSTULAR SYPHILIDE (INFANTILK SYPHILITIC pRxpiuors).

(Section through the margin of a bleb ; haetnatorylin staining : x 200)

g remnants of the rete Malnipbii com-a normal horny layer of the epidermis
6 normal rete Malpighii
c corium
d swollen and desquamating horny layer
e swollen cells of the rete Malpighii

vacuolated epidermal cells

prened by the contents of the bl-b
h bleb produced by the destruction

<>f the deeper layers of the r*t

/ t granulations arising from the citis

111 parts that from their position are always kept more or less

moist, the syphilitic papules generally become exuberant, and
form the broad flattened elevations known as mucous patches
(condylomata lata or flat papules). The exudation infiltrating
the tissue usually oozes through to the surface (Fig. 270 / A),
and causes it to 'weep.' At the same time the superficial layers
of epidermis become swollen (o? #) and macerated. The patches
are soft and more or less reddened or bluish in tint, and those

lying near each other sometimes coalesce and ulcerate.
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The pustular syphilide is due to the formation of pus be-

neath the horny layer of the epidermis, or to suppuration of

the infiltrated tissue of the papules. In the former condition

(Fig. 283 h) the papillary layer is exposed when the pustule

separates, its tissue being infiltrated with liquid or covered with

granulations (i). W.hen the papillary layer and the corium are

destroyed, the removal of the pustule, or of the crust formed
from it as it dries, reveals a deep or shallow ulcer, which can
heal only by the formation of a depressed cicatrix. In rare

cases exuberant papillomatous growths appear on the floor of the

ulcer (framboesia syphilitica).
The syphilitic pustule sometimes becomes umbilicated, and

thus has arisen the term variola syphilitica or great-pox. When
a number of pustules are clustered round a hair-follicle the condi-

tion is called acne syphilitica. Large pustules are often referred

to as pemphigus syphiliticus, and still larger ones, each covered

with a dirty crust, as rupia syphilitica.
The small-pustular syphilides, like the small-papular variety,

are apt to be widely spread over the body, and appear at various

stages of the disease. The rupial form, in which isolated pustules

may grow to the size of a silver crown-piece or dollar, is associated

with the tertiary stage. The rupial pustule tends to dry into a

crust, beneath which the formation of pus goes on ; this pus again
dries, and so the size of the crust steadily increases. A depressed
scar is left when the process comes to an end.

G-ummata of the skin are similar in appearance to the initial

sclerosis of syphilis, and form small rounded or flattened nodes,

sharply defined, and of a dull-red or purplish colour. After

existing for a while they disappear, leaving behind an atrophic

glistening scar, or break down and form gummatous ulcers with
infiltrated floors. As these heal they leave glistening white scars

surrounded by a pigmented zone. Such ulcerating nodes not

infrequently appear in large numbers, and sometimes become con-

fluent. Papillomatous growths may arise from the floors of the

ulcers (framboesia syphilitica*). In the course of months or years

large areas of the skin may thus be invaded, by the successive

formation of fresh nodes and cicatrices. When an ulcer heals at

one side while the other side advances, it takes a reniform or cres-

centic shape (ulcus serpiginosum).
In rare cases diffuse gummatous infiltrations covered with

scales and scabs are formed : these ulcerate here and there, leaving
indurated scars as they heal.

Gummata of the subcutaneous connective tissue take the form
of nodes from the size of a bean to that of the fist, which after

some considerable time soften and disappear by resorption, leaving
a thin and puckered area on the overlying skin. Sometimes the

nodes undergo partial caseation and calcification, or rupture exter-

nally, forming an ulcer with thickened and undermined edges,
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and an indurated floor covered with necrotic shreds. When the

ulcer is cleansed of dead tissue and detritus it heals by cicatrisa-

tion. In severe cases such ulcers may be numerous and cause

deep and wide-spread loss of tissue. The forehead, back of the

neck, scapular region, and leg are the favourite seats. Cutaneous

gummata generally accompany the later stages of syphilis, and

accordingly seldom appear at the same time as the papular and

pustular syphilides.

References on SyphiliJet.

CAMPANA : Dei morbi siflitici e renerei Genoa 1889 [1873-75
KAPOSI: Die Sifphili* der Haul und der iingrenzenden Srhleimhfiute Vienna

LANG, E. : Vorlesungen iiber Path. u. Therap. d. Syphilis I Wiesbaden 1884

(with references)
LEWIN: Clavi syphilitic! (callosities) A.f. Derm, xxv 1893 (with references)

MICHELSON: Lichen syphiliticus I'. A. 1181889
NEUMANN: Histological changes in cutaneous syphilis I'./. Derm. 1885

TOMMASOLI and UNNA : Syphilides Dermatol. Studitn n Hamburg 1880

(After 6. MIKCH : from hi, *mian wort on Leprw in Southern R*~ia ")
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160. Leprosy affects chiefly the skin of the face (Fig. 284),
the extensor surfaces of the knees and elbows, and the hands and
feet (Fig. 285). It begins with an eruption of red spots, which
either disappear and leave behind pigmented specks, or rise into
nodes and tuberous swellings of a brownish-red colour (lepra
tuberosa, tubercularis, or nodosa). Bullae are occasionally formed.

The exciting cause of all these changes is the

lodgment and growth in the skin of the Bacil-
lus leprae.

The nodes either remain unaltered for

many months, or increase in size and coalesce
into bulky protuberances (elephantiasis grae-
corum, fades leontina, Fig. 284). New nodes

appear from time to time, preceded by ery-
sipelatoid reddening and swelling of the skin.

The peripheral nerves are apt to be involved,

leading to atrophic conditions of the skin
manifested by the appearance of white and
brown stains (lepra maculosa, morphoea niyra
et alba). Once cutaneous sensibility is lost

the patient often injures himself unwittingly,
and thus in the later stages ulceration is apt
to be set up, and extending deeply into the

tissue may bring about the loss of entire pha-
langes (lepra mutilans, Fig. 285).

The multiplication of the specific bacilli

leads to the formation of cellular

or nbro-cellular nodes and strands

(Fig. 28Qdfgh), and these to

thickening of the skin. They de-

velope with especial frequency in

the neighbourhood of the hair-fol-

licles (c), and in the ducts (/) and
coiled tubules (</) of the sweat-

glands, though such a distribution

cannot be made out in the case of

all the cellularnodes (A) and strands.

The bacilli lie for the most part within the proliferous con-
nective-tissue cells, and there accumulate in large numbers.

According to TOUTON and UNNA the bacilli may pass into the
hair-follicles and sweat-glands, and thence reach the surface.

References on Cutaneous Leprosy.

BABES : Seat of the bacilli in the tissues A. de physiol. u 1883
DOUTRELEPONT : Pathology of leprosy Verhandl. d. deutschen dermal. Gesellsch.

Vienna 1892
Fox and FARQUHAR : Endemic skin diseases of India London 1876
GERLACH : Relation of macular to anaesthetic leprosy V. A. 125 1891

FIG. 285. ULCEROUS LEPROSY (LEPRA
MUTILANS) OF THE LEG AND FOOT.

(Aft6r G. MINCH)
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WOLTKRS: Summary of researches On/./. Balcterutlogie xiu 1893



542 INFLAMMATORY DISORDERS [CHAP. LIV

Glanders of the skin begins, in case the infection starts in a

cutaneous wound, with an inflammatory swelling which is soon
followed by the formation of an ulcer. These ulcers secrete thin

pus and have ragged and eroded edges. Dissemination of the

Bacillus mallei by way of the lymph-channels induces wide-

spread erysipelatoid and phlegmonous inflammation, with the

formation of pustules and ulcers. When the blood becomes in-

fected (BOLLINGER, PUTZ) the eruption takes the form of red

spots and pock-like pustules, or at times of large pemphigoid
blebs, which rupture and discharge viscid, bloody, and often

foul-smelling pus. In other cases large boil-like swellings and
abscesses are formed, which rupture and leave behind deep and

ragged ulcers with suppurating edges. In some cases all these

varieties of inflammation appear together, and so extensively
(BOLLINGER) that hardly any part of the body remains un-
affected.

Glanders either runs an acute course of two to four weeks, or

a chronic one of two to six months or more ; thus an acute and a

chronic form are recognised, the latter being sometimes distin-

guished as farcy.

References on Cutaneous Glanders.

GLASER: Glanders in man Inaug.'Dixs. Breslau 1876
HARTGE : Moist glanders St Petersburg, med. Woch. 1890
JAKOWSKI : Chronic glanders Z.f. kiln. Med. xvn 1891
KERNIG : Chronic glanders Z.f. klin. Med. xin 1887
LOFFLER : Aetiology Arbeiten a. d. k. k. Gesundheitsamte i 1886

161. The mycoses of the skin due to mycelial fungi (Jiypho-

mycetes) are divisible into four main forms, known as favus,

herpes tonsurans, pityriasis versicolor, and erythrasma.
Favus (tinea favosa or crusted ringworm) chiefly attacks the

scalp, though it is also met with in other parts, such as the nails.

It is characterised by the formation of pale-yellow cup-shaped
friable crusts usually perforated by hairs, the so-called favus-cups
(scutula). These crusts vary from the size of a pin-head to that

of a sixpence or dime.

According to KAPOSI the favus-cup begins as a minute yellow
punctiform spot perforated by a hair and lying beneath the epi-
dermis. In a few weeks it grows to the size of a pin's head, and
then appears as a pale-yellow cup-shaped disc visible through the

skin. On section the disc (Fig. 287) is seen to consist of my-
celial filaments and conidia (spores), lying beneath the attenuated

horny layer of the epidermis (absent in the figure) in a crateri-

form excavation of the skin. If the cup is removed the surface

of the excavation has a red and moist appearance. The cup
itself is whitish and friable, and may be readily teased out when

placed in water. The fungus of which it consists, apart from
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the epidermal detritus accompanying it, is called Achorion Schon-leinn (from SCHONLEIN who discovered it in 1839)
If the favus-cups are not removed they coalesce into lame con-tinuous

masses
When the horny skin which binds them down"*

cast off or broken through, these masses are exposed and dry upinto yellowish mortar-like crusts. The hairs look dull and pow-
dery, and are easily pulled out. This is due to the fact that the
hyphae and comdia enter the opening of the hair-follicle and
grow into the bulb (F,g. 288 a) and shaft of the hair, and alsomtoHhe root-sheath (6). By the growth of the fungus not only

Fio. 287. CUP OE scuTULi'M or FAVUH.

(After NI-.I M A N N *

a free edge of the cup
6 dead and disintegrated horny layer of

the epidermis
c d mycelial filaments
e couidia

eiiidi-riiiis

altered |>apilla
h cellular infiltration beneath the cup
i cutis

may the hair itself be extruded, but the papilla may become atro-

phied by the pressure of the accumulating detritus. At the same
time the tissue surrounding the hair-follicle is affected with more
or less intense inflammation, which may assume an eczematous
character.

When Achorion settles in a nail (onychomycoti*favota) yellow-
ish sulphur-like deposits or uniform thickenings are formed in it,

the components of the nail becoming disintegrated ami undergoing
cheesy degeneration.
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Tinea tonsurans (Jierpes tonsurans or common ringworm) is

an affection produced by the filaments and spores of Trichophyton
tonsurans (discovered by GRUBY in 1844). The filaments are

long, slender, and sparsely branched, and form few conidia and no

FIG. 288. HAIR AFFECTED WITH FAVCS.

(After KAPOSI)

a hair-bulb and shaft 6 root-sheath beset with hyphae (mycelial filaments) and conidia

(spores)

scutula; but they readily penetrate into the shaft of the hair, and
make it brittle. Tinea assumes a different appearance according
as it occurs on hairy or non-hairy parts of the skin.
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Tinea tonsurans capillitii, or ringworm of the scalp, gives rise
to bare circular patches from the size of a sixj>ence to that of a
crown-piece (KAPosi). The surface apj>ears as if badly shaven,
the hairs over it being broken off short and frayed at the ends.
The skin of the patches is smooth or scaly, and their margins are
reddened. When the filaments penetrate the hair-follicles pustulesand scabs are formed. Such patches are produced in several places
at once, and continue to grow larger until the affection is cured.

On non-hairy parts rings of vesicles (tinea or herpes tonturan*
vesiculosus) and red scaly spots, discs, and circles are produced.
Sometimes a number of red spots appear in rapid succession at
various points, and heal as rapidly, without attaining any great
size.

In herpes tonsurans vesiculosus the fungi are found between the

uppermost layers of nucleated epidermal cells (KAi'osi).
When the fungus attacks the nails (onychomycosts tonturant)

they become opaque and brittle, and split into laminae.

Sycosis parasitaria (tinea sycoxis or barber's itch) is induced
when the development of the fungi is accompanied by a more
marked inflammation of the hairy parts. Infiltration and suppu-
ration, with the formation of pustules, abscesses, and papillomatons
growths are the result. According to KAPOSI and others eczema
marginatum, which affects parts where two cutaneous surfaces
rub against each other and the skin is kept moist by perspiration,
is due to Trichophyton tonsurans. Vesicles and crusts are pro-
duced about the margin of a pigmented area. Contagious imiet-
igo (Art. 148) is also said to be caused by Trichophyton tonsurans

(H. HEBRA).
Pityriasis versicolor (dermatomycozis furfuracea^ tinea rersi-

color, mycosis microsporina) is characterised by the appearance of

pale or brownish-yellow patches, deepening to dark-brown or

brownish-red, and varying in si/e from that of a \WA to that of

the palm of the hand ; they extend uniformly over large areas,

are irregular in outline, and their surface is smooth and shining
or dull and scaly. They occur chiefly on the trunk, neck, anil

flexor surface of the limbs, never on the hands or feet or on the

face. The epidermis when scraped off is found to contain mycelial
filaments and conidia of a fungus called Mirrosporon furfur (dis-

covered by EICHSTEDT in 1840). It does not i>enetrate tho hairs

or fheir follicles.

Erythrasma is characterised by the formation of sharply-
defined brown or reddish-brown patches, sometimes as large as

the hand, and not very scaly. They appear on the inner surface

of the thighs. The filamentous fungus found in the epidermis is

extremely small, and has therefore been called Microtporon minu-

tissimum.

162. Scabies and epithelioma molluscum are the most impor-
tant diseases of the skin due to animal parasites.
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Scabies, or itch, is due to the settlement of Acarus scabiei in

the epidermis. The itch-mite pierces the horny layer at some

point, and bores its way obliquely through till it reaches the rete

Malpighii or even the papillae. As the epidermal cells grow and

approach the surface, the mite continues to work its way down-

ward, so as always to keep below. In this way it gives rise to

burrows (cuniculi) which penetrate the skin obliquely and are

irregularly zigzagged and curved : they may reach the length of

one or two centimetres. The mite sits at the blind end of the

burrow (Fig. 289 cT), leaving behind its excreta (/) in the form
of yellow, brown, or black grains and lumps. The female also

lays its eggs in the burrow, and as these are hatched the young
mites may be seen in all stages of development (e).

FIG. 289. SECTION OF THE SKIN IN SCABIES.

(Carmine staining : x 20)

horny layer of the epidermis traversed

by the numerous burrows made by
the itch-mite

rete Malpighii with hypertrophied and
infiltrated papillae

c cutis infiltrated with cells

d section through an adult itch-mite
e eggs and embryos of various sizes

/ excreta of the itch-mite

The irritation caused by the mite directly and by the scratch-

ing which it induces gives rise to eczematous inflammation of the

skin, with the formation of vesicles and pustules. Pus may col-

lect beneath the burrows of the Acarus.

When the affection becomes chronic the skin is often very

gravely altered. The horny layer of the epidermis (a) is per-
meated by the burrows in all directions, and becomes hyper-

trophic. The cutis is infiltrated with cells (c) and thickened,

and the papillae (>) become perceptibly elongated.
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Molluscum contagiosum (epithelioma contat/iotum, endocvs-
tic oondyloma, or sebaceous wart) is a tumour-like growth in the
skin, probably caused by parasitic sporozoa or coccidia ( Fig. 2W)and taking the form of umbilicated nodes with a waxy lustre and
as large as a pea or bean. The growth consists of epithelioid
cells arranged in a glandular manner (Fig. 21)0 d), derived from
the epidermis and enclosing multitudes of the parasites (</).On section it appears loculated, with a central space continuous

<-'' ,fr|'|fe .\':"jf-:
'"

--*#'.. ,'W _?."' "jpfefffl

Fio. 290. LONGITUDINAL SECTION OF A NODE or MOLLUSCTM
(Hardened in A/tiller's fluid, stained with haenuitoxylin and eosin, and mounttd in

Canada balsam : X 15)

a epidermis 6 cutis c sebaceous glands d gland-like epithdiniil structures
e sporozoa fg opening blocked with horny epidermis and sporoioa

with the apical depression, and looking not unlike a hypertrophied
sebaceous gland, with which it was formerly confounded. The

parasites multiply in the cells of the loculi, and as the epidermis
grows tend to be thrust towards the central space (/). where they
lie in a kind of false reticulum of desquamated horny epidermal
cells. The affection is apt to appear simultaneously in JHTSOHS
who live together, and is accordingly regarded as contagious.

References on Molluscum Contagiosum.

BALZER and GRANDHOMME: A. de phytiol. ISB6
BAXEMAN : Delineations of cutaneous diseases plate LXi I/ondon 1817
BlUOURO and MANFRKDI : A. per le scienze med. i 1876

BOCK, C. : V.f. Derm, n 1875
CANARY: V.f. Derm. \\ 1882
GEBER: V.f. Derm, ix 1882
HUTCHINSON: Cases Clinical Surgery I London 1878
KKOMAYER: Histogenesis V. A. 1:521893
MACKENZIE : Cases B. M. J. 1 1879
MORISON: Nature and affinities Trans. Path. Soc. xxxn London 1881

NEISSER: Epithelioma contagiosum V.f. Derm, xv 1888
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THIN : Journ. of Anat. xvi 1881 (ologie vin 189O
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CHAPTER LV

INFLAMMATORY HYPERTROPHIES AND TUMOURS

163. Hypertrophy from external causes chiefly affects the

epidermal and the papillary layers of the skin ; but at times only
the tissue of the corium, or all the layers together, are involved.

In many cases the process runs its course with all the appearance
of an inflammation, in others no inflammatory phenomena may
be presented. In regard to some of the varieties of hypertrophy
a certain inherent local predisposition of the tissue seems to be

necessary in addition to the external exciting cause.

When a part of the skin is continually exposed to slight
mechanical irritation, inducing often-repeated hyperaemia or slight

inflammation, the epidermis may at length become hypertrophied.

FIG. 291. SECTION OF A CORN.

(Preparation hardened in alcohol, stained with picro-carmine, and mounted in Canada
balsam: X 8)

a corium c hypertrophied horny layer
6 papillary layer with rete Malpighii

'

d stratified horny layer

If the horny layer is chiefly involved, and callous or horny
growths result, they are described as indurations or callosities

(tyloma). They are commonest on the hands and feet.

When the callous thickening of the epidermis over a limited

area extends inwards (Fig. 291 d~) and presses on the papillae so

as to lead to their atrophy, we have what is called a corn (clavus).
The irritation of the papillary layer thereby caused, especially
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when it is associated with external friction or pressure, induces
more or less intense inflammation, manifested by hyj>eraemiaand swelling of the tissue, and at times even passing into sup-
puration.

FIG. 2D2. CUTANEOUS HORN REMOVED FROM THK BACK or THK HAND.

(Natural size)

FIG. 293. CUTANEOUS HORN KROM THK ARM.

(Natural size)

Occasionally the hypertrophy takes the form not of a flattened

or discoid thickening, but of a horn-like protuberance (cornu
cutaneum or keratoma^ which may reach a considerable size (Figs.
292 and 293). The base usually includes a few more or less elon-

gated and hypertrophic papillae. The layers of the epidermal
mass run at right angles to the surface of the skin. Cutaneous
horns sometimes arise without any apparent cause on otherwise
normal skin ; in other cases they start from scars, wens, or

tumours.

FlO. 204. CONDYLOMA ACUMINATUM.

(Injected preparation stained tcith haematorylin: X 30)

a enlarged and branched papilla b thickened epiderml*

Long-continued irritation affecting any portion of the skin

sometimes induces local hypertrophy of the papillae, which in-

crease in length and often become subdivided (Fig. 294 a) or

branched. The cutaneous growth thus produced might be termed
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inflammatory fibrous papilloma; it is usually described as a
venereal wart or cauliflower excrescence (condyloma acuminatum').
Such warts are usually seated upon some part of the external

genitals or around the anus ; the special chronic irritation which
induces them is that due to discharges from urethral inflammation,
chancrous pus, decomposed preputial or vaginal secretions, or the

like. Though small and inconspicuous at first, they may ulti-

mately grow into excrescences as large as an apple, firm in tex-

ture, usually whitish in tint, and resembling a head of cauliflower

in general appearance. The papillae (a) as they grow tend more
and more to subdivide ; they are composed essentially of vascular

fibrous tissue, but always enclose a number of leucocytes, and the

base on which they stand is always infiltrated and proliferous.

Lymphangitis is often set up at the same time, as appears by the

accumulation of cells within and around the efferent lymph-ves-
sels of the affected part.

The epidermis (i) overlying the hyperplastic papillae is thick-

ened, and this to some extent effaces the unevennesses due to

the branching of the papillae. This however applies only to the

minor irregularities, the general papillary structure and configu-
ration of the growths being quite recognisable from the outside.

Inflammatory fibrous papilloma and papillomatous granuloma
fungoides (Art. 157) are formations which in their mode of ori-

gin and in their structure are very closely akin, and accordingly
it is not easy to differentiate them precisely,

References on Cutaneous Horns.

BATGE : Multiple circumscribed keratoses Inaug. Diss. Dorpat 1875, and D. Z.

f. Chir. vi 1876
LEWIN : Syphilitic horny growths A.f. Derm, xxv 1893
MITWALSKY: Cutaneous horns about the eyelids A.f. Derm, xxvn 1894 (with

references)
PICK: Cutaneous horn of the glans penis V.f. Derm, n 1875
UXNA : Fibrokeratorna D. Z. f. Chir. xn 1879

; Hereditary keratoma V. f.
Derm, x 1883

164. Acquired elephantiasis (elephantiasis arabum, pachy-
dermia acquisita) is a chronic and extensive hyperplasia of the skin

and subcutaneous tissue (Fig. 295). The condition is associated

with a chronic endemic disease occurring in many tropical and

sub-tropical countries, such as Arabia, Egypt, Indo-China, many
islands of the Malay Archipelago, Central America, and Brazil.

In Europe the affection is only met with sporadically.
Two main varieties may be distinguished in endemic as well as

in sporadic elephantiasis. The first variety begins with symptoms
of inflammation and often of fever also : the other is insidious and

gradual in its progress, and is unattended by any signs of inflam-

mation. The inflammatory appearances, in both the endemic and
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the sporadic forms, consist chiefly of recurrent eryupelfttoid and

lymphangitic attacks, which in the end leave behind them j>enna-
nent hyperplastic thickening of the integument. The causation

of these attacks is little understood. In the endemic form the

process depends in many instances on the invasion of the sul)cu-

taneous tissues by Filaria Bancroft^ which with its embryos lodges
in the lymph-vessels and gives rise to lymphatic obstruction

and inflammation, chiefly about the external genitals, thighs, and
abdomen. It must however be remarked that lilarial infection

and the resulting lymphatic ob-

struction do not always result

in elephantiasis, and on the

other hand that in most cases

of endemic elephantiasis hith-

erto examined no Filaria has

been discovered. Sporadic in-

flammatory elephantiasis, other

than the kind just mentioned,

may be induced bymany diverse

forms of chronic or recurrent

inflammation, such as chronic

eczema, tuberculosis of the skin

and underlying bones, chronic

irritation from the presence of

foreign bodies, venous engorge-
ment and varicose ulcers, pru-

rigo, syphilitic periostitis, and

chronic vaginitis and vulvitis.

Lymphatic engorgement, from

disease of the lymph-glands or

any other cause, favours the

supervention of elephantiasis,
but does not by itself bring
about hyperplasia of the in-

teguments.
The aetiology of the non-

inflammatory variety is still

obscure, though it is highly

probable that even when it

does not attain a noticeable de-

velopment (Fig. 295) until mature life, it is in part due

genital causes, depending on some morbid condil

acquired inutero (Arts. 165-108).
After the hyperplasia has in the course of years beoooM cons

erable (Fig. 295), erysipelatoid inflammation is apt to recu

part, showing that the altered tissues are peculiarly proi

inflammation. f t

Acquired elephantiasis may appear in almost any ..art

LVMPHAMilKC'lATH ELEfHAJf-

TIAJUS OF I Ml M.
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body, but is commonest in the lower limbs (Fig. 295) and ex-

ternal genitals. The enormous thickening and overgrowth of the

integuments lead to great deformity of the affected part. The
leg becomes thick and clumsy, and as the thickening extends
downwards the distinction between foot and leg is gradually lost,

and the limb at length looks like an elephant's. The scrotum

grows till it forms an enormous tumour, sometimes weighing a
hundred pounds or more.

The affected parts of the skin in elephantiasis are dense, hard,

rough, white, and brawn3r

-looking (elephantiasis dura), or soft,

greyish, and lax in texture (elephantiasis mollis). When the tis-

sue is cut into, a more or less abundant escape of lymph takes

place. In the latter case the subcutaneous tissue often contains

dilated and cavernous lymph-vessels (elephantiasis lymphangi-
ectatica) .

The blood-vessels may be dilated and hypertrophied, or alto-

gether unaltered. The subcutaneous and even the deeper-lying
connective tissue is liable to be involved in the general hyper-
trophy. The surface is either smooth, the horny layer being
unaffected (elephantiasis glabra), rough and warty (elephantiasis

verrucosa), tuberculated (elephantiasis tuberosa), or covered with

papillomatous excrescences (elephantiasis papillomatosa'). The

horny layer is frequently thickened, forming either a continuous

encasement, or an armour of polygonal scales and plates. The
condition is sometimes described as acquired ichthyosis (Art. 166)
or keratosis.

In elephantiasis consequent upon eczematous and ulcerous

affections, the tissue is usually cellular, and in certain places has

quite the appearance of granulation-tissue. In the form asso-

ciated with tuberculous inflammation (Art. 158) the hyperplastic
tissue also contains tubercles.

On the other hand, the tissue is in some cases poor in cells and

coarsely fibrous in its texture, giving one the impression that the

normal fibrous fasciculi are increased not so much in number as

in individual thickness. Between these two extremes there are

numerous transitional forms, varying in the proportion of cells

contained in the tissue, in the coarseness of the fibrous fasciculi,

and in the thickness of the individual fibrillae.

Sclerodermia is a rare and very peculiar affection of unknown origin,
which attacks adults. It takes the form of local or general stiffening and hard-

ening of the skin without any apparent external cause : it is somewhat rapid
in its onset, and then remains stationary or passes away, to be succeeded by a

fresh attack or ultimately by a condition of cutaneous atrophy. It affects the

face, the limbs, and also the trunk, the patient often being literally
' hide-bound.'

The skin feels as hard as a board, or like that of a frozen corpse (KAPOSI).
It is said (CHIARI, DINKLER, and WOLTERS) that in the hyperplastic stage the

cutaneous fibrillae are swollen up, and that new connective tissue is developed
from germinal cellular tissue. The vessel-walls are notably thickened at an
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early stage, the lumen being thereby obstructed or occluded. Later on the

hyperplastic connective tissue undergoes contraction.

Sclerodermia or sclerema neonatorum is u hardening of the 8ul>cutaneous
connective tissue met with in infants, and chiefly affecting the legs and feet.

According to LANGKK ( Wien. Sitzungsber. 1881, and Wien. med. I'rtMe xxil

1881) it is due to the solidification of the nanniculus adiponus by cold when the
infant becomes collapsed. The fat of children contains more palmitin and
stearin and less olein than that of adults : it accordingly solidifies at 45 C.

Adult fat at ordinary temperatures, separates into two layers : the upper or

liquid layer solidifies at C., while the lower or semi-solid layer liquefies
at 3G C.

References on Acquired Elephantiasis and Sclerodermia.

Cm AIM : Sclerodermia universalis V. f. Derm, v 1878
CROCKER : Clinical lectures on Sclerodermia Lancet i 1885
DINKLER: Sclerodermia D. A.f. klin. Me<l. XLVMI 1892 (with references)
ERBEN : Aetiology of Sclerodermia I'./. Derm, xv 1888
ESMAKCH and KULEXKAMPFF : Die elephantiastischen Forinen Hamburg 1885
FAYRER and POWER : Elephantiasis arabum Trniis. Path. Sue. xxx London

1879
THIN : Histology of elephantiasis Trans. Path. Soc. xxxi London 188O
VIRCHOW: Die krankhaften Gesctnriilate i

WOLTERS: Sclerodermia A.f. Denn. xxiv 1892 (with references); Sclero-

dactyly ibidem xxx 1895
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CHAPTER LVI

NON-INFLAMMATORY HYPERTROPHIES AND TUMOURS

165. The skin and subcutaneous tissue are among the struct-

ures of the human body that are frequently the seat of local
malformations. These textural anomalies are either already

apparent at birth, or, during the period of active growth, rarely in

mature years, develope from occult rudiments into visible forms.

All the constituent tissues of the skin may be equally concerned
in the morbid development, though more frequently certain com-

ponents only are affected, and the resulting appearances vary
accordingly. In one class of cases the epidermis and in some
measure the papillary layer are chiefly involved ;

in a second the

fibrous elements of the corium or of the subcutaneous tissue, or

of both together ; in a third the lymph-vessels ; in a fourth the

blood-vessels ; in a fifth the nerves ; in a sixth more than one of

the above-named structures are simultaneously altered and abnor-

mally developed.
In many cases the affected portions of the skin are not increased

in size, the normal tissue being simply superseded by tissue of ab-

normal structure. In other cases the affected portion is enlarged,
and the resulting formation is then reckoned as a tumour when it

is local and circumscribed, or described as elephantiasis when it

is wide-spread and gives rise to general bulkiness and deformity
of the part concerned.

166. Ichthyosis or ' fish-skin
'

disease is an affection of the

skin characterised by the formation of epidermal scales, flakes, and

plates, and of warty growths. It depends on some developmental
anomaly of the skin, and in particular of the epidermis, which in

utero or not until after birth (Fig. 296) manifests itself by per-
version of the histological characters and properties of the epi-
dermal layers.

In congenital ichthyosis (Fig. 296) the surface is beset with

horny plates, separated by fissures and furrows produced by the

growth of the body (keratoma diffusum). The fingers and toes

are usually hide-bound by a tough continuous horny, layer, and
their development is accordingly liable to be arrested. The plates
are composed of closely-coherent layers of horny epidermal cells

(Fig. 297 c), enclosing lanuginous hairs (e~) and extending into

the dilated hair-follicles (c?).
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Ichthyosis appearing after birth starts with an eriiDti,small yellowish-red or brownish-red somewhat infiltrated

FlG. U%. COXUKNITAL 1CHTHYOSIS.

(RdxA), over which the epidermis becomes dry and glistening.
When the disease is well advanced the horny layer is enormously
thickened, -laminated, and fissured; the n u- Kfalpighii, uii the



556 NON-INFLAMMATORY HYPERTROPHIES [CHAP. LVI

other hand, is in comparison but slightly developed, and passes
without transition into the horny layer.

In icTithyosis simplex the. papillae are not enlarged. In very
slight cases the skin is simply beset with small nodules (KAPOSl),

a

FIG. 297. CONGENITAL ICHTHYOSIS.

(Section through the skin of the trunk : .preparation hardened in alcohol and stained
with picro-carmine : X 40)

a corium with its glands d dilated hair-follicles lined with horny
6 papillary layer with rete Malpighii epithelium
c hypertrophic horny layer of the epider- e fine hairs

each covered with a thin scale and containing a coiled-up hair

(lichen pilaris or keratosis pilaris). This condition is met with

chiefly on the extensor surface of the limbs. In more marked
cases contiguous plates or scales of various sizes up to that of a

!^}&-3S>3gi-.
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FlG. 298. ICHTHYOTIC WART.

(Preparation hardened in Miiller's fluid, stained with haematoxylin and eosin, and
mounted in Canada balsam: X 70)

a corium b enlarged papillae c stratified horny layer .
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quills (iclthvosishystri^. An ichthyotic wari ( Fu 298% ]produced when the overgrowth of the horny laVer ia

fc

limited tosmall area, and the underlying papillae are enlarged"
>

References on Ichthyosis.
BEGBIE : Select Works London 1882
CARBONE : Congenital ichthyosis A. per le grienze rne.l. xv 1891CASPARI: Congenital ichthyosis V.f. Derm, xm 1886

'

&SOFF: latliology of ichthyosis I'. .1. (i.<) 1872
CTASKOIX: Cases St Gearge'l Hasp. Re,M)rtit IX x Lolulon
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KYBER > Diffuse keratoma in an infant Wien. me<l. Jnhrb 1880
LELOIR : Cutaneous affections of trophic origin A.de phti*ii,t. 1881KONA: Jchthyosis in infancy A.f. Derm, xxi 1889
SCHABEL: Congenital ichthyosis Inaug. />/.. Stuttgart 1856LNNA : Hereditary palmar and plantar keratoma V.f. A/v/i. x 1883

167. Angiomata or haematangiomata of the skin are forma-
tions that appear in the period of embryonic development or of
extra-uterine growth. They are described as vascular naevi
when they take the form of circumscribed red spots: moles or

; warts when they are rounded and protuberant; and ele-
phantiasis when they are associated with extensive thickening of

FlG. 299. CONOKNITAL CAVERNOUS ANHIOMA OF THK 8KI!f.

(Preparation stained with huematorylin : x 'JO)

a epidermis 6 coriuni c caverno

the skin. In all of these cases the textural peculiarity consists in

morbid dilatation over a limited area of the blood-vessels of the
skin or of the subcutaneous tissue, sometimes assuming the char-

acters of a mere telangiectasis or simple angioma, in other cases of

a cavernous angioma (Fig. 299 c) or of a hypertrophic angioma
(Fig. 300). .
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Vascular naevi are bright-red or purplish blotches, commonly
described as ' mother's marks '

or 4

port-wine stains
'

(naevi vascu-

losi flammei, and naevi vasculosi vinosi). They are small and
circumscribed, or large and diffuse, in the latter case sometimes

covering one-half of the face. Large naevi are at times formed
from the coalescence of smaller ones, or are surrounded by small

red spots. They either lie wholly in the corium and papillary

layer, or extend into the subcutaneous tissue. The skin over the

affected area is sometimes of

normal thickness, sometimes
more or less hyperplastic (nae-
vus prominency .

Vascular naevi taking the

form of soft warts are bluish-

red, or pale and without any
special colour, the latter being
the case when the growth tends

to assume the form of a hyper-
trophic angioma whose 'thick-

walled vessels contain little

blood, or represent little more
than cylindrical cellular cords

(endoihelioma).

Large angiomata giving rise

to general elephantoid thicken-

ing of the skin and subcutan-
eous tissue are generally of the

cavernous type (elephantiasis

cavernosa'). When the tissue

intervening between the dilated blood-vessels undergoes prolifer-

ation, the growth tends to become fibromatous, and to lose its

telangiectatic character.

Of the same nature as angiomatous elephantiasis is the great

enlargement of the nose (rhinophyma or ' bottle-nose ') described

in Art. 135 as supervening in some cases of acne rosacea (Fig.

267). There is however this difference, that in the latter the

dilatation of the blood-vessels is slow and gradual, and that the

sebaceous glands (Fig. 267 c d e) play an essential part in bringing
about the thickening of the skin.

References on Angiomata of the Skin.

ESMARCH and KULENKAMPFF: Die elephtantiastichen Formen Hamburg 1885
JARISCH: Cutaneous tumours A.-f. Derm, xxvin 1894
VIRCHOW: Die krankhaften Geschwiilste ill

VOLKMANN : Beitrage zur Chirurgie Leipzig 1875

FIG. 300. SECTION OF A HYPEHTROPHIC
ANGIOMA OF THE SKIN AND SUBCU-
TANEOUS TISSUE.

(The duct of a sweat-gland has been cut
across at the middle of the section :

preparation stained with alum-car-
mine, and mounted in Canada bal-

sam : X 200)

168. Lymphangioma, like haematangioma, appears either as

a local textural malformation of the skin without increase of its
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bulk, as a circumscribed or diffuse protul>erance or wart, or

lastly as an elephantoid thickening of the skin. It may be pale,
or reddened owing to the dilated blood-vessels it contains, in

which case it resembles haematangioma. Pigmented varieties are

moreover met with, and these include the formations described in

Art. 137 as sun-spots, freckles, moles, and xanthoma.

Lymphangiomata may be distinguished according to their

structure as telangiectatic, cavernous (Fig. 301), cystic, or hyper-

trophic ; and according to their situation as cutaneous or sub-

cutaneous. When the dilated lymph-vessels lie in the papillary

layer* beneath the epidermis, lymph sometimes permeates the

latter, or forms vesicles or bullae upon it, especially when the

tissue becomes from any cause inflamed.

t

Fia. 301. SUBCUTANEOUS CAVKRNOI-S LYMPHANOIOMA.

(Preparation stained with alum-carmine, and mounted in Canada baltam :

c fatty tissue

Lymphangiomata occur on the head and limbs, and also on the

trunk. Those which give rise to elephantoid deformit;

the external genitals, lips, or trunk, are sometimes pu

phangiomatous in structure; but it not infrequently happens 1

sometvhat extensive tibrous hyperplasia takes place in the a

part, and the growth assumes more and more the form <

inatous elephantiasis with numerous lymphatics.

The warty forms have also at times a typical

acterised by its wide lymph-spaces, this being espec,all :

in the wide-spread diffuse variety. But more fre4ucnth
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growth possesses the characters of hypertrophic lymphangioma
or endothelionia. indicated by the presence of circumscribed
nests of large cells lying in the corium (Fig. 302 dc^). When
the cell-nests are for the most part situated in the papillary layer,
and the papillae are thereby enlarged (Fig. 302), uneven tuberous
warts are formed. When the morbid overgrowth chiefly affects

the corium, the warts are but slightly uneven (Fig. 303), or per-

fectly smooth, and project above the surface as little nodules

(endothelioma tuberosum).

a

FIG. 302. SECTION THROUGH TWO PAPILLAE FROM A TUBEROUS HARD WART.

(Carmine-staining: X 50)

"' cell-nests and clusters inthe papilla e, and
di in the reticular tissue of the corium
e connective tissue

a thickened horny layer of the epidermis
b

'

pearl
'

of epidermal cells

c rete Malpighii

When the overlying horny layer remains unaltered (Fig. 303)

they are soft (fleshy or soft warts, verruca mollis or carnea) ; but

hypertrophy of this layer (Fig. 302 a) causes them to become
hard (verruca dura) and similar in appearance to ichthyotic
warts (Fig. 298).

Among the pigmented forms of hypertrophic lymphangioma,
the pigmented naevi or moles are those which have the largest

cell-nests, especially when the skin over them is thickened

(naevus pigmentosus prominens, verrucosus, or papillomatosus).
Freckles and sun-spots have small and scanty cell-nests. The
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pigment lies partly within the nest-cells, partly in the ordinary
connective-tissue cells and in the deeper layers of the epidermis'-
it consists of brown and yellow granules, but the cells are some-
times uniformly stained.

Xanthelasma or xanthoma
(vitiliaoidea) which appears as

spots of a sulphur-yellow or brownish-yellow colour, level with the
surface (xanthelasma planum) or raised in nodules (xanthelasma
tuberomm), also contains clusters of large cells, but these differ
from the nests of pigmented and unpigmented warts and moles in
that^they are larger and are infiltrated with oil-globules. Xan-
thoma might accordingly be described as a form of lipomatous
lymphangioma or endothelioma. In some cases it is an inherited
or family peculiarity, appearing most frequently about the eye-
lids. Now and then, though rarely, it appears as a multiple affec-
tion in various other parts of the body (xanthelasma multiplex).

FIG. 303. SECTION THROUOH A SLH-.HTI.Y rruKRors SOFT WART

(Aniline-brown stainhifj : x 10)

a epidermis
6 cutis

C cellular growth in the rutis
e cellular growth in the papillae

Occasionally, in both the pigmented and the non-pigmented
varieties of endothelioma, some of the cellular clusters are ill-

defined from the connective tissue, passing gradually into it, or

taking the form of diffuse cellular infiltrations within it. Malig-
nant neoplasms are moreover apt to start in fleshy warts and
moles ; they are nearly always sarcomatous, and generally of the
alveolar variety.

Moles are often beset with numerous thick hairs, and are then
called hairy moles (naevi jrilosi) .

For a description of nerve-naevi see Art. 169.

Xerodermia pigmentosum (KArosi), or progressive lentiginous melano-
sis (PICK), is a peculiar and rare affection of the skin, depending upon some

congenital anomaly of structure, and appearing in early infancy in parts of the

skin that are exposed to light. It begins with recurrent eruptions of red spots,
which desquamate and disappear, leaving behind them pigmented specks like

freckles, the surrounding capillaries being dilated, and the skin im-an \\liil.-

becoming smooth and atrophic. At a later stage wrt-like protuberances

to
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appear on the affected parts, and these are apt to develope into cancerous

growths (ELSENBERG: Xerodermia pigmentosum A. f. Derm, xxn 1890).
The affection usually runs in families (CROCKER : Med.-chir. Trans. LXVII Lon-
don 1883

;
ANDERSON : B. M. J.-i 1889).

PERTHES has described as calcified endothelioma certain multiple calca-

reous and tumour-like nodes found in the subcutaneous tissue, and is of opinion
that some, of the formations which have been described as examples of calcified

epithelioma should be regarded as of the nature of endothelioma.

References on Lymphangioma (Endothelioma) of the Skin, including
Xanthoma

ANDERSON : Xanthoma multiplex B. M. J. n 1892
BRYK : Lymphangioma A . f. klin. Chir. xxiv
CHAMBARD: Histology of xanthelasma A. de physiol. vi 1879, Ann, de derm.

v!884
DEMIE'VILLE: Pigmented moles and spots V. A. 81 1880
EHRMANN : Multiple symmetrical xanthelasma and lipoma Beitrage von Bruns

iv 1888
ESMARCH and KULENKAMPFF : Die elephantiastischen Formen Hamburg 1885
HUTCHINSON, SANGSTER, and CROCKER : Report on cases Trans. Path. Soc.

xxxin London 1882
KOBNER : Xanthoma starting from pigmented moles V. f. Derm, xv 1888
KROMAYER: Endothelioma tuberosum colloides V. A. 139 1895
LANGHANS : Lymphangioma of the lower extremity V. A. 75 1879
LEHZEN and KNAUSS : Xanthoma multiplex tuberosum V. A. 116 1889
ZUR NIEDEN : Lymphangiectasis with lymphorrhagia V. A. 90 1882
PERTHES : Calcined endothelioma of the skin Beitrage von Bruns xn 1894

(with references)
VON PLANNER: Congenital naevus V. f. Derm, xiv 1887
POENSGEN: Xanthelasma multiplex V. A. 91 1883
PYE-SMITH : Xanthelasma Guy's Hosp. Reports xxn London 1877
VON RECKLINGHAUSEN : Die multiplen Fibrome der Haut Berlin 1882
SCHMIDT : Lymphangioma A. f. Derm, xxn 1890
TOROK : Nature of xanthoma Ann. de derm, iv 1893
TOUTON : Xanthelasma V. f. Derm, xn 1885
VARIOT : Congenital melanodermia A . de physiol. x 1887
DE VINCENTIIS : Xanthoma A. ital. de biol. iv 1883
VIRCHOW: Die krankhaften Geschwulste in

Fio. 304. NEITROFIBROMA MOLLURCUM.

(Injected preparation stained with haematoxylin : X 20)
a fibroma 6 thinned and flattened papilla

169. Fibromata of

the skin usually occur

in the form of multiple
nodes, the smallest of

which are barely visi-

ble, or lie embedded
and hidden in the skin,

while the larger ones

often reach a consid-

erable size and are ele-

vated above the sur-

face. Multiple cu-

taneous fibroma (Fig.

305) is usually a soft
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growth, and has therefore received the name of fibroma mol-
luscum. vox RECKLINGHAUSEN has shown that the tumour
starts from the small-
er cutaneous nerves,
whose fibrous envel-

opes become prolifer-
ous and form aggre-
gations of cellular and

finely-fibrous tissue,
seated in the form
of nodes (Fig. 304)
either wholly within
the corium, or in the

papillary layer also.

The tumours are ac-

cordingly reckoned

among the neurofib-
romata (Art. 133).

Neurofibroma may
be limited to the re-

gion supplied by par-
ticular nerves, or dis-

tributed over the

whole body. It is

not infrequently asso-

ciated with the ap-

pearance of fibromata
on the large subcu-
taneous or deeply-
lying trunks and
branches of the nerves

(Art. 133).
A large soft growth

starting from a single
nerve is spoken of

as elephantoid mol
luscum. When the

proliferous over-

growth of the endo-
neurium gives rise to

a convoluted or in-

terlacing plexus of

thickened and fibro-

matous nerves (Fig. F^..^. AIl , ..,,,.,.,, .NM; K.*-IUK.-M ,1 , ... nom
265) the formation is (After \os RBCKUXOHAUUH)
called a pampiniform
or plexiform neuroma. A neuroma of this kind sometimes

causes more or less extensive thickening of the skin, partly from

1
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its own bulk and partly from its association with diffuse fibrous

hyperplasia of the corium and subcutaneous tissue, and the condi-

tion is then described as neuromatous elephantiasis or pachy-
dermia (Fig- 306).

Neuromatous elephantiasis is one of the commonest of the cuta-

neous hyperplastic deformities due to congenital causes, and gen-
erally takes the form of loose overgrown and lobate foldings of

the skin, reminding one of the hide of some of the pachyderms.
It has been variously described as dermatolysis, pachydermatocele

(VALENTINE MOTT),
elephantiasis m o 1 1 i s

(ViRCHOW), and lobate

elephantiasis (VoLK-
MANN). The surface

of the hypertrophied
parts is smooth or tu-

berous, and is some-
times beset with pig-
mented moles.

The number of neu-
rofibromata present in

the thickened and over-

grown integument
(Fig. 307//O may be

large or small, and
varies greatly in differ-

ent parts. The nerve-

fibres (#) usually lie in

the centre of the nodes.

The hyperplastic tissue

(c k~) lying between the

growths is usually more
cellular than is normal
connective tissue.

Besides the haemat-

angiomatous, lymph-
angiomatous, and neur-

omatous forms of ele-

phantiasis, there is a

simply fibrous elephantiasis, in which all of the connective-tissue

elements of the skin and subcutaneous tissue appear to be equally

hyperplastic. Of this nature are some of the cases described as

dermatolysis. Certain kinds of warts also are essentially due to

excessive fibrous hyperplasia. It sometimes happens too that a

morbid overgrowth of the adipose tissue brings about elephantoid

deformity of certain portions of the body ; this might be termed

lipomatous elephantiasis. All of these varieties of elephantiasis

may be combined in different ways in the same patient.

Fir,. ;{()6. NEUROMATOUS ELEPHANTIASIS OR PACHY-
DEKMIA OF THE THIGH.
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Flo. 307. SKIN WITH NEUROKIBKOMATA FROM A CASK OK r\< HYUKKMIA (Fu. 3HJ).

(Preparation hardened in alcohol, stained with alum-curmine, and mounted in Canada
balsam: X 18)

a epidermis
6 normal corium
c hyperplastic and cellular corium
d enlarged papillae
dj hyperplastic sub-papillary tissue
e aggregations of cells

//, fibromata
a nerve-tibrcs within the fibromata
n vessels
t coiled tubules of sweat-Klitnds sur-

rounded by proliferous tissue
k lobules of proliferous fatty tissue

Neuropathic papilloma ((JKIUIAKUT), narrus uniiu lateris (vo\ I'.AKKN-

SPRUNG), or nerve-naevus (Til. SIMON) takes tlu* form of papillary pi^meiit^i
wart-like nodules, which appear in the skin in small or la..,e numlx.'rs, and in

their distribution generally follow the course of one or more of the cutaneous
nerves. According to vox HAKKNSPKUNC;, (IKKHAKI>T. VON KM KMNCIIAI-SEN,
and others, these excrescences are of neuropathic origin, and vox KKCXI.INO-

HAI^SKN suggests that tliey are due to a congenital neuritis setting up vaso-

motor disturbances. Whether tiie affection has any special relation to the

nerves appears to be still questionable.

References on Fibromata of the Skin and Neuromatout

Elephantiasis.

BRUNS: Plexiform neuroma V. A. .
r>0 1870, and Reitriige row ttrun* viu 1891

COURVOISIKR: Die Neurome Hnsle 1886
CZERXV : Neiirofibroma A.f. klin. Chir. xvn
ESMARCH and KiLKSKAMI-KK : />(> tbpluuttiattitckt* Formtn Hamburg 1885
JORDAN : Cpngeuital elephant ia>is Zieglers Beitrdge vui 1890
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LAHMANN: Multiple fibroma and its relation to neurofibroma V. A. 101 1885
NAUWERCK and HURTHLE : Neuromatous elephantiasis Ziegler's Beitrage 1 1886
PHILIPPSON : Fibroma molluscum V. A. 118 1889
vox RECKLINGHAUSEN : Die multiplen Fibrome der Haul Berlin 1882
VIRCHOW : Die krankhaften Geschwulste in

References on Neuropathic Papilloma.

vox BARENSPRUNG: Xaevus unius lateris Charitt-Annalen xi 1863
ESMARCH and KULENKAMPFF : Die elephantiastischen Formen Hamburg 1885
KRONER: Papilloma neuropathicum (case) Inaug. Diss. Wiirzburg 1890
XAEGELE : Papilloma neuropathicum frontis (case) Inaug. Diss. Wiirzburg

1886
NEUMANN: Naevus papillaris (Thomson) Oesterr. Jahrb.f. Pddiatrik n 1878
VON RECKLINGHAUSEN : Die multiplen Fibrome der Haul Berlin 1882
SIMON: Nerve-naevi A.f. Derm, iv 1872
SPIETSCHKA : Nerve-naevi A.f. Derm, xxvn 1894

170. Among the connective-tissue growths starting in the

cutis, but of non-nervous origin, fibroma is one of the commonest:
it usually takes the form of firm rounded nodes. Keloid is a very
rare variety of fibroma. It appears in the form of a tuberous,

discoid, band-like, stellate or radiating growth seated in the corium
beneath the unaltered papillary layer. When fully developed the

growth consists almost exclusively of bundles of coarse fibres. In

its earlier stages it contains numerous spindle-cells.
Cicatricial keloid .grows from a scar, and is not at all points

covered with intact papillae. In other respects it may resemble
true keloid. ' Addison's keloid,' now known as morphoea, is not

related to these neoplasms : it is a hypertrophic condition some-
what similar to sclerodermia.

Leiomyoma is a rare tumour appearing in the form of single
or multiple nodes from the size of a pin's head to that of a

walnut. It may originate from the unstriped muscular fibres

of the arrectores pili, or from those of the vessel-walls ; in the

latter case it is apt to be associated with local dilatation of the

capillaries, or telangiectases, the combination being described as

angiomyoma.
Sarcoma takes the form of nodular or papillomatous tumours,

more or less raised above the surrounding surface. The larger
sarcomata sometimes assume the shape of a short pedunculated
mushroom, or of a large wart. They are usually solitary, but now
and then instances occur in which a large number of sarcomatous

growths appear in the skin simultaneously or in quick succession.

Cutaneous sarcoma may be round-celled, spindle-celled, or

mixed. Melanotic and alveolar sarcomata are not uncommon ;

they originate from cellular warts and pigmented moles, and cor-

respond closely with these in their general structure. They are

highly malignant.
The diseases comprised under the term general sarcomatosis

of the skin, and characterised by a rapidly-spreading eruption of
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neoplastic nodes, are probably in certain cases due to some un-
known form of infection, in others to the development of leuk-
aemic or pseudo-leukaemic lymphoma (AiiNiNo, HOCHSINGEH,
SCHIFF, JOSEPH, TOUTON).

Liponiata of the skin and subcutaneous tissue are very fre-

quently met with, and sometimes reach a considerable size. The
region of the shoulder is a favourite seat. Myxoma, enchon-

droma, and osteoma, are less common than lipoma. Myxoma and
myxofibroma are generally connected with the external genitals
in wpmen.

Cancer (cancroid or epithelioma) is by far the most important
of the epithelial neoplasms of the skin. The carcinomatous pro-
liferation may start not only in the epidermis, but in the epithe-
lium of the sebaceous glands and hair-follicles, probably also in

that of the sweat-glands. Stratified spherules of horny epidermis
are found in the epithelial ingrowths of many cases of cutaneous

carcinoma, and the tumours have accordingly been described as

squamous or horny cancers. In very rare cases calcification of

the tumour takes place (Art. 171).
THIERSCH distinguishes a flat or superficial and a deep or

infiltrating form. The former is met with chiefly in the lip, fore-

head, and nose ; and is characterised by the fact that the epithe-

lial ingrowths and processes are short and shallow. It generally

appears as a slightly-raised ulcer with infiltrated borders, due to

the breaking down of a primary cancerous node. Its growth is

usually very slow, and it may cicatrise at the centre while the

marginal ulceration continues to advance (cicatrising epithelioma).

In other cases the process of disintegration is more rapid, and the

ulcer steadily increases in depth and extent. This form is some-

times described as rodent ulcer, and chiefly affects the upper part

of the face.

The deep or infiltrating form usually gives rise to irregularly-

shaped ulcerations, due as in the former case to the breaking down

of nodular epithelial growths. From the floor and edges of the

ulcer often rise large warty protuberances, giving the affection

the appearance of a papillomatous tumour. This form prcx

metastases oftener than the other.

The superficial and the deep forms are not very sharply 4i1

eiUiated the one from the other, and intermediate forms oc

In tact, the processes of cancerous infiltration, proliferation
of the

fibrous tissue, and ulcerous disintegration may be combined

numerous ways, and give rise to the great diversity of appearance

observable in' the several forms of the disease.

Epithelioma most frequently attacks parts where epidermis

passes into mucous membrane- such as the lower Up,

,,ls. prepuce, anus, external female genitals, etc. Occasion;,

seems to start in warts or Callosities, or in scars, pustules

ulcers, and not infr^m-mly in the floor of an acutely-spreading
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lupous ulcer or in a lupus-scar. It may begin subcutaneously,
and then originates in the epithelium lining embryonic involutions

of the skin (branchiogenous carcinoma) or forming part of the

epiblastic medullary canal, which has persisted untransformed in

the subcutaneous tissue. Other epidermoid structures connected

with the skin may likewise become abstricted, and afterwards

furnish a starting-point for deep-seated epithelial growths that

have no visible relation to the superficial epidermis. The growths
assume the characters of carcinoma or of papillary cystadenoma,
are usually nodose in form, and are sharply marked off from the

surrounding tissue. Probably some of them start from wens or

atheromata (Art. 171), or from abstricted portions of hair-

follicles.

English pathologists have distinguished between superficial epithelioma
and what is termed rodent ulcer by surgeons. In the former the neoplastic
cells are of an epidermal type, in rodent ulcer proper they are epithelial rather

than epidermal, having small nuclei and but little stability, as if they were
derived from gland-cells : they have been regarded as derived from the cells of

the sweat-glands (THIN), or of the outer root-sheaths of the hairs. See

THIERSCH (loc. cit.), MOORE (Rodent cancer London 1867), WARREN (Med.
Times and Gaz. i 1880), THIN, Fox, BUTLIN, and others (Trans. Path. Soc.

xxix, xxx London 1878-79).

Adenoma of the sweat-glands is a rare tumour : it grows
slowly, and appears in the form of small nodes.

Secondary neoplasms of the skin are on the whole not very
common, though they do occur in connexion with both connective-

tissue and epithelial tumours. Malignant growths of the skin

itself are the most apt to spread in it, and give rise to daughter-
tumours. Of growths in other organs, mammary carcinoma is

that which most frequently gives rise to cutaneous metastases.

References on Tumours of the Skin (see also Art. 171).

BABES: Keloid V.f. Derm, vn 1880
BAYHA : Lupus-carcinoma Beitrage von Bruns in 1887
BRAUN : Endothelioma of the skin A.f. klin. Chir. XLIII

DARIER: Epithelioma of the sweat-glands A. de me'd. exp. i 1889
DENERIAZ : Keloid These (Berne) Geneva 1887
HESS : Subcutaneous ciliated cyst Ziegler's Beitrage vin 1890
HOCHSINGER and SCHIFF : Leukaemia of the skin V.f. Derm, xiv 1887
ISRAEL : Follicular epithelioma Virchow's Festschrift (Assistenten) Berlin 1891
JADASSOHN : Multiple myoma V. A. 121 1890
JACOBSOHN: Keloid A.f. klin. Chir. xxx
JARISCH : Tumours of the skin A.f. Derm, xxvm 1894
JOSEPH : Pseudo-leukaemia of the skin Verhandl. d. deutschen dermat. Gesellsch.

Vienna 1892
KNAUSS : Cylindrical-celled epithelioma of the sweat-glands V. A. 120 1890
KROMAYER: Endothelioma tuberosum colloides V. A. 139 1895
LANGHANS : Keloid V. A. 40 1867
LiRON : Sur la cheloide inguinale spontanee Paris 1887



ART. 170] REFERENCES ON TUMOURS OF THE SKIN

LUKASIEWICZ: Multiple dermatomyomata A.f. Derm, xxiv 1892
MATHIKU : Four cases of benign epithelioma A. gen. de me'd. 1881
MICHALKKF: Case of subcutaneous papilloma Inaug. Dins. Freiburg 1892
NKKLSKN : Keloid A.f. klin. Chir. xxiv
PALTAUF: Lymphatic diseases of the skin A.f. Derm, xxiv 1892
PKKKIN: Cutaneous sarcoinatosis Thixe Paris 1886
PKKTHKS: Calcined endothelionia Jifitriiye ran Hrunx xn 1894
PETERSEN: Multiple tumours of the tubular glands A.f. Derm, xxiv 1892;

Diseases of the sweat-glands ibidem xxv 1893 (with references)
RIGAUD: Disseminated epithelioma Thine Paris 1878
SCHUTZ: True keloid in combination with cicatricial keloid A.f. Derm, xxix

1894
SriEflLER : Carcinomatosis cutis (so-called) A.f. Derm, xxvn 1894
STEINHAUSER: Lupus-carcinoma lieitrdge von liruns xu 1894
TIIIERSCH : Der

Epithelialkrebt,
namentlich der Haul Leipzig 1865

TOMMASOLI : Epithelioma verrucosum abortivum A.f. Derm, xxvi 1894
TOUTON : Sarcoinatosis of the skin Munch, med. \\'nch. 1893 (with reference!)
VOLKMANN, R. : Primary cancer of the limbs Summl. klin. Vortrtige nos. 334-

335 1889
YERSIN : Melanotic tumour A. de physiol. vn 1886
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CHAPTER LVII

THE SEBACEOUS GLANDS, HAIR, AND NAILS

171. The epithelium of the sebaceous glands normally
secretes an oily liquid (sebum) which condenses to a greasy
lubricant. If the secretion becomes over-abundant we have what
is called seborrhoea (steatorrhoea, tinea or acne sebacea, ichthyosit

sebacea'). In one variety scale-like or scurfy deposits are formed
on the surface (seborrhoea sicca, squamosa, andfurfuracea), and in

another the skin seems smeared with an oily exudation (seborrhoea

oleosa).
The scales and crusts consist of dried sebum and horny epi-

dermis, and are apt to become discoloured, assuming a dirty-

yellow, grey, or black tint : they sometimes take the form of

large continuous scabs or flakes, from the under side of which

processes pass into the openings of the sebaceous ducts.

Seborrhoea may be local or general. The local variety chiefly
affects the scalp and the external genitals. General seborrhoea is

rare, and is usually met with only in new-born infants ; the abun-
dant secretion of vernix caseosa which is normal in the intra-uterine

period is in fact continued after birth. The abundant sebaceous
secretion from the glands of the scalp which is normal during the
first year of life sometimes gives rise, in neglected infants, to large
fissured dirty cheesy-looking crusts or cakes, consisting of fatty
matter, dirt, epidermal scales, and hairs.

When the scalp only is affected, the dried secretion taking the

form of abundant branny scales, the affection is called dandriff

fpityriaiis furfuracea capillitii, or porrigo amianthaced)-, when
the flakes are large and like fish-scales it is sometimes called

ichthyosis sebacea.

Asteatosis (xerodermia), in which the sebaceous secretion is

diminished, is rare as an idiopathic affection. It is usually sec-

ondary to other affections like ichthyosis, porrigo, psoriasis, pity-
riasis rubra, leprosy, etc. The skin becomes dry and fissured,

and is shed in scales or flakes.

Various disorders of the skin are due to the accumulation of

sebum in the glands or ducts in consequence of interference with
its excretion. The obstruction is usually due to the drying of

sebum or the deposit of dirt at the mouth of the duct. Changes
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in the composition of the secretion sometimes give rise to itsretention 1 he following varieties are distinguished.
(1) Comedones (Fig. 207 ,) are small elevations of the skindue to Pegging of the sebaceous ducts, or of the common owningof duct and hair-follicle. When the plug i8 squeezed ouT?

appears as a whitish and somewhat firm ^'ar-shaped or cylindri-cal mass of the size of a pin-head, the superficial end bein* stainedblack or brown. It consists of sebum and horny epidermal cells,and olten contains one or more minute hairs.

<2) Milium (yrutum or acne albida) consists of small roundish
white or yellowish elevations of the skin, due to the accumulation

FIG. 308. ATROPHY AND CYSTIC DKGK.VKRATION OF THK
8KBACEOU8 GLANDS OF THE SCALP.

HAIK-KOI.LICLK* AND

(Preparation hardened in alcohol, gtainrd with ni*ntarck-brou>n, and mounted in
Canada balsam : x 1M)

a epidermis
6 corium
c atrophic hair-follicle containing downy

hairs below and scales of horny epi-
dermis at its outlet

d obliterated hair-follicle devoid of hair

hair-follicle with wbac>oiis gland
atrophic sebaceous gland
cyst with small cast-off hair*

cyst with enclosed atheroiiiat<m matter
small hair seated on the wall uf the cyst
sweat-gland

of epidermal cells in sebaceous glands. Milium sometimes gives
rise to cystic dilatation of the associated hair-follicle. The skin

of the eyelid is a favourite seat. When the nodule is incised and
the contents evacuated, they are found to consist of a smooth or

rough and lobate core composed of epidermal cells and sebum.

(3) When a group of sebaceous glands become enlarged by
excessive accumulation of epithelial cells within them,

poiyuoid
and sometimes pedunculated excrescences are produced, which
have been called acrochordon. Such growths appear generally
in aged persons, about the eyelids and on the sides and nape of

the neck.
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(4) Wens or sebaceous cysts (atheroma or steatomcf) are usu-

ally due to distension of the duct of a sebaceous gland and hair-

follicle (Fig. 308 g g-^ h} by accumulated secretion. Remains of

embryonic clefts, or epithelial structures which have in some ab-
normal fashion become embedded in the corium or subcutaneous

tissue, sometimes form the starting-point for these cysts, which
are occasionally as large as a hazel-nut or walnut, or may even
reach the size of the fist. The contents consist of a pulpy greasy
mass composed of fatty detritus, cast-off epidermal cells, and often

cholesterin, enclosed within a fibrous capsule lined with stratified

squamous epithelium. In the case of cysts originating from the
hair-follicles and sebaceous glands the capsule is smooth on its

inner surface, and the epithelium is many-layered. In the deep-
seated cysts due to enclosure of foetal residues, the capsule pos-
sesses the structure of skin, including a papillary layer covered
with epidermis. Such cysts are accordingly classed with dermoid
tumours.

Papillary outgrowths at times rise from the inner surface of a

wen, either from traumatic causes or idiopathically, giving rise to

endocystic condylomata or papillomata ; these may be regarded
as akin to the forms comprised under the term papillary cystoma.
Sometimes the entire cyst is packed with branching cauliflower-

growths. In rare cases the structure of some parts of the growth
resembles that of carcinomatous epithelioma. Processes of corni-

fication and calcification, the latter affecting both the epithelium
and the connective tissue, are apt to be set up in the capsule of a

wen, transforming it into a hard globular tumour, which in some
cases closely resembles an osteoma.

Wens are usually seated on the scalp, the back of the neck, or

the face, more rarely on the trunk or limbs.

References on Wens and on Tumours originating from them.

CASPARY: Adenoma sebaceum A.f. Derm, xxm 1891
CHENANTAIS : Calcified epithelioma of sebaceous glands These Paris 1881
CHIARI : Atheroma and encapsulated epidermoid tumours of the subcutaneous

connective tissue Tagebl. d. Naturforscheroers. in Salzburg 1881
;
The gene-

sis of atheroma-cysts Prager Z. f. Heilk. xn 1891, and Trans, internal,

med. congr. 1890 n Berlin 1891
FORSTER : Dry cancroid Verh. d. phys.-med. Gesellsch. in Wiirzburg x
FRANKE : Atheroma A. f. klin. Chir. xxxiv 1886-87; Carcinomatous degen-

eration of epidermoid tumours V. A. 121 1890
LAGRANGE : Anatomic pathologique et pathogenic du chalazion Paris 1889
VON NOORDEN : Calcified epithelioma Beitrage von Bruns in Tubingen 1888
PETERS : Calcified endothelioma Beitrage von Bruns xn 1894
WERNHER : Atheroma, an encapsulated epithelioma V. A. 8 1855
WILCKENS : Ossification and calcification of the skin Inaug. Diss. Gottingen

1858

172. Each hair according to its size has a definite period of

existence. When this is at an end, the hair is shed and its place
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is taken by a new one. The replacement is effected by the cells
at the tip of the papilla ceasing to grow and multiply, in conse-
quence of which the old hair with its inner root-sheath is sepa-rated from the papilla, which thereupon atrophies. According
to STIEDA the young hair is produced by a new papilla. Long
thick hairs live longer than short and fine ones.

To maintain the uniform growth of the hair as a whole a con-
stant relation must be kept up between the loss of old hairs and
the production of new. When this relation is disturlied by hind-
rances to production, the result is alopecia or baldness. KAPOSI
distinguishes the following forms.

(1) Alopecia adnata, or congenital deficiency of hair, is sel-
dom an enduring condition.

(2) Alopecia (clavitii>*\ acquisita is natural in old age (alopecia
Mm7t), but it may appear much earlier (alopecia praematura). In
the baldness of age the skin exhibits the changes described in Art.
139 (Fig. 269) ; but it is to be noted that they do not apjwar till

after the hair has disappeared, and they cannot therefore be the
cause of baldness.

Alopecia praematura may be either idiopathic or symptomatic.
In the former case the hair falls off without visible disease of the
skin. Symptomatic baldness is usual as a result of inflammatory
processes which induce appreciable changes in the scalp, such as

eczema, erysipelas, lupus, syphilitic eruptions, etc., and it also

accompanies or follows affections such as typhoid fever, syphilis,
tuberculous cachexia, and the like. The continuous development
of the hair from its bulb is interfered with by the inflammatory pro-
cess, and the hair thus ceases to grow and is shed. If the papillae
are not destroyed the hair may afterwards be reproduced.

When the denudation takes place over isolated patches the af-

fection is described as alopecia areata (area Celsi or porriyo deral-

vans). Some writers ((iiiuHK, MALASSEZ, THIN, KICHHOKST,

LASSAR) consider this affection to be due to a parasitic fungus,
while others (BARENSPRUNG, AUSPITZ, KAPOSI, SCHWIMMER,
JOSEPH, MICHELSON, FOURNIER) look upon it as a trophoneurosis.
Others again (such as EICHHOFF) think that alopecia areuta is

not always due to the same cause, while BEHREND attributes it to

some local disturbance of the circulation. The loss of hair may
tak place over a single patch or in many, and in the end may
extend to the entire surface of the body. According to BEHREND
the affected hairs are infiltrated with minute air-bubble* down to

the extreme end of the root. In most cases the bald sjjots sooner

or later become covered over with downy hairs, and ultimately

with normal hairs.

Baldness coming on during adolescence (i.e. after puberty), in

which the hairs of successive crops become shorter and short -r

lived, and the scalp is covered with an abundant branny
<>r floury

desquamation, is described as alopecia pityrodes or fnrfur.i
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Failure of the hair and exfoliation of the skin are simultaneous,
the cutis is attenuated (PiNCUS), and the hair-follicles are stunted
and atrophic (Fig. 308 c). The scales consist of morbidly-altered
and abnormally-solidified sebum.

Alopecia pityrodes is referable either to some inherited predis-

position or to one or other of the diseases mentioned above.
Trichorhexis nodosa is an anomalous mode of growth of the

hairs, in which swollen nodes are produced in their course,whereat

they are apt to break off. It is rare as a general affection, but is

not uncommon in the case of single hairs, particularly in the beard.

According to MICKELSON it is due to abnormal dryness of the

hair, and is of the same nature as the terminal splitting and fork-

ing which often take place in individual hairs.

Ringstreaked hairs (pili annulati) are marked with bands

alternately light and dark. The light bands are somewhat
swollen and enclose air-containing clefts (L/ANDOis). According
to BEHREND, in very rare cases hairs are met with in which what
look like nodular thickenings occur at regular intervals, but in

these it is the internodal portions that are morbidly altered, inas-

much as they are attenuated and devoid of the normal central

canal.

The nails are frequently misformed or defective, and ab-

normally thin and brittle, or misplaced, generally as a result

of inflammations or of direct injury.

References on Alopecia and on Reproduction of the Hair.

VON BARENSPRUNG : Alopecia areata Charite'-Annalen vin
BEHREND: Alopecia areata Berl. klin. Woch. 1887, and V. A. 109 1887 and 116

1889
BESNIER : Sur la pelade Paris 1888
BUCHNER: Aetiology of area Celsi V. A. 74 1878
EICHHOFF : Is alopecia areata contagious? Monatsh.f. prakt. Derm. 1888
EICHHORST : Alopecia areata V. A. 78 1879
GIOVANNINI : The normal development of and certain changes that take place

in the human hair V. f. Derm, xiv 1887
; Reproduction of hair after epila-

tion A. f. mikrosk. Anat. 36 1890, and A. ital. de biol. xv 1891; Morbid

histology of baldness Ann. de dermal, n 1892
JOSEPH : Aetiology of alopecia areata Cent. f. med. Wiss. 1866

;
Monatsh. f.

prakt. Derm. 1886, and V. A. 107 1887
LASSAR : Alopecia areata D. med. Woch. 1881
MALASSEZ : Alopecia pityrodes A. de physiol. 1874
MICHELSON: Aetiology of area Celsi V. A. 80 1880
PINCUS : Alopecia pityrodes V. A. 37 1866, 41 and 43 1868
SCHEIN: Growth of the human skin and hair A. f. Derm, xxiv 1892
SCHULTZE : Theories concerning area Celsi V. A. 80 1880
SCHWIMMER : Die neuropath. Dermatosen Vienna 1882
VON SEHLEN: Fortschr. d. Med. i, and V. A. 99 1885
STIEDA : Growth of hair Biolog. Cent, vn 1887
UNNA : Alopecia pityrodes Monatsh. f, prakt. Derm. 1 1882
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References on Nodes of the Hair and Trichorhexit.

BEIIREND: Node-formation on the hair-shaft V. A. 103 1886
EICHHORST: Trichorhexis nodosa Z.f. klin. Med. vn (supplement) 1883
LESSER: Pili annulati V.f. Derm, xm 1886
MICHELSON: Volkmann's klin. Vortrage no. 120, and Ziemsien's Handb <l tpec

Path, xiv
ROKSER : Trichoptilosis Ann. de dermal, ix 1878
WOLFBERG : D. med. Woch. 1884

173. Abnormal overgrowth of hair (hypertrichosis, hirsutiei,

polytricMa) is hereditary or at least congenital (hypertrichosit
hereditaria), or acquired in later life ^hypertrichosis arquitita).

Congenital hypertrichosis is universal, the whole hody being
shaggy (as in 'hairy men'), or it is local and affects only par-
ticular parts. Universal hypertrichosis is usually a family
peculiarity, and may affect the entire face and forehead. An
abnormal growth of hair on the chin and upper lip in women is

not uncommon. Moles and pigment-spots are often thickly be-

set with hairs. Many cases of sacral hypertrichosis have been
recorded ; it is generally associated with spina bifida occulta

(VON RECKLINGHAUSEN). Acquired hypertriehosis ha been

observed in a few cases as an accompaniment of spinal diseases

(ERB, SCHIEFFERDECKEK) and as a consequence of chronic irrita-

tion of the skin (KAPOSi).
Overgrowth of the nails (Jiyperonychia) in length and thick-

ness is frequently met with, and they are often at the same time

distorted, rough, or tuberculated. Excessively long nails become

curved into claws (onychogryphosis). When they become exces-

sively broad they are apt to cut into the soft parts, giving rise

to haemorrhage and inflammation (ingrowing nails, incarnatio

unguis*) .

Abnormal enlargement of the nails may take place without

any perceptible cause. In other cases it is a concomitant of

ichthyosis or psoriasis, or follows on inflammatory affections.

References on Hypertrichosis.

BARTELS : Hypertrichosis Z.f. Ethnol. vm 1876, xi 1879, xin 1881

BEIGEL: Hypertrichosis !'. A. 44 1868
BONNET: Hypertrichosis congenitn univertalu Wiesbaden 1892

CHIARI: Hypertrichosis Prng. med. Woch. 189O

ECKER : Ueber abnorme Behaarung d. Menschen Brunswick 1878

FURST: V. .4.961884
GEYL: Observations on hypertrichosis Biolog. Cent, vm U
HILBERT: V. A.W 1885'
Mi< HEI.SON: V. A. 100 1885, and Ziemssens Ifnndb. d. *j*c. fat*. XIV

VON RKCKLINGHAUSEN: Spina bifida V. A. 105 1886

VIRCHOW-ORNSTEIN: Z.f. Ethnol. vn 1875, and vm 187

WILSON : Hairy men Lectures on dermatology London 1878
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brain 417
muscle 299

callosities 548
callus 160

exterior 160

extra-capsular 164
interior 160

intermediary 160

intra-capsular 164
involution in 163

myelogenous 160

periosteal 160
cancroid 567

capsule, articular 245

caput medusae 94
carbuncle 625
carcinoma of the brain 440

branchiagenous 668
. of bone 231
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carcinoma of bone,

lac^unar
resorption in cartilage, transformation of into bone

dura mat r of brain 403 zone of calcified 198
heart 65

,
-cells, fate of 198

method of develop. metaplasia of 248mem of 60 caseous nodes in tuberculous art
situation of 55 284

meninges of the brain 454 cavernous angioma of spinal meninmmuscle 312 377
pericardium 64 central nervous system, Sect vi

-, pituitary body 404 centripetal film-s of the cerebrum 384skm *>7 cephalic index 206
spinal meninges 379 cephalocele 388
spleen 1 16 cerebellum 385
ventricles of the brain abscess of 430
450 centres of 387

carcmomatous caries of bone 242 hypoplasia of 391
osteomalacia 242 in atrophy of the cerebrum

cardiac aneurysm, partial 50, 51 410
rupture of 51 cerebral apoplexy 422
thrombi in 51 axis 385

ganglia, degenerative changes hypoplasia of 391
in 46 cortex, jwycho-motor regions of

fibrous hyperplasia of 357
46 hernia 388

hypoplasia 24 cerebro-spinal meningitis 444
dimensions of heart cerebrum, accumulation of leucocytes in

in 24 409
"

muscle, aetiology of 27 blood-corpu*-
hypertrophy of 27 cles in 409

polypus 46 yellow p|.
caries, articular 188 nient gran-

fungosa 188 ule*in4m
fungous 188 acute destruction of ganglion
inalacic 188 cells of 413
mollis 188 agenesis of 389
of cartilage 248, 260 angular gyrus of 382
scrofulous 188 anomalies in minute histologi-
sicca 188 cal structure of

syphilitic 194 400
tuberculous 188 of development of

carpus, tuberculosis of 190 the 388

cartilage, articular 198 anterior occipital fissure of

calcification of 198 381

caries of 260 apoplectic cicatrix of 424

conversion of hyaline, into cysts of 423

fibre-cartilage 249 associative fibres of 384

conversion of hyaline, into asymmetry of 391

fibrous tissue 249 atheroma of blood- reaaels of

.! erosion of 248, 260 of 417

formation of fatty marrow atrophy of cortex of, after am-
from '.'48 putation 417

lymphoid mar- auditory centre of 38ft

row from 248 calcarine fissure of 383

mucoid tissue calcification of blood-reMelt

from 248 417

granulative inflammation of calkwal gyru of 3

248 callngo-marginal fiwure of 888

necrosis of 248, 260 capillary hat morrhag of 4'.' 1

purulent inflammation of 24 caudate nu.-lnw of 38i

role of, in growing bone 166 causes of partial agencM of

-sequestra of 200 JW
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cerebrum, central fissure of 381 cerebrum, olfactory centre of 385

centripetal fibres of 384 optic thalamus of 383
cerebellum in atrophy of 410 paracentral lobule of 382
claustrum of 383 ; parallel fissure of 382
collateral sulcus of 382 parietal lobe of 381
commissural fibres of 384 parieto-occipital fissure of 381

complications of agenesis of partial agenesis of 393
393 hypoplasia of 391

hypoplasia pigment-granule cells in de-
of 392 generation of 415

convolutions of 381, 389 praecuneus of 382

corpora amylacea of 416 precentral fissure of 381
cortex of 383 projective fibres of 384
cortical centres of 385 quadrate lobule of 382
cuneus of 382 red softening of 417

cysts of 416, 419 regeneration of nerve ele-

deficiency of secondary sulci ments of 416
of 390 results of haemorrhage of 422

disorders of circulation of 404 softening of 419
embolism of blood-vessels of rolandian fissure of 381

417 sclerosis of 416
etat crible of 407, 419 blood-vessels of

fat-granule cells in degenera- 417
tions of 415 sensory centres of 385

fatty degeneration of blood- softening of 417
vessels of 417 speech centre of 385

fibres of medullary substance subthalamic body of 383
of 384 substantia perforata anterior

fibrous cicatrix of 416 of 383
first temporal fissure of 381 superficial temporal fissure of
fissures of 381, 389 381
fusiform gyrus of 382 sulci of 381

ganglion cells of 384 sylvian fissure of 381

gyri of 381 temporal lobe of 381

gyrus cinguli of 382 transverse occipital sulcus of

haemorrhages of 421 382

heterotopia of grey matter of visual centre of 385
401

.
white softening of 416, 417

hippocampal gyrus of 382 yellow softening of 417

hypertrophy of 390, 401 chalky deposits in gouty arthritis 280

hypoplasia of 389, 390 chancre, hard 529
.' induration of 419 soft 529
inferior occipital fissure of 381 true Hunterian 535

intraparietal fissure of 381 chancroid 529
ischaemic necrosis of 417 chicken-pox 518
island of Reil of 382 chilblains 510
lenticular nucleus of 383 chiragra 261

lingual gyrus of 382 chloasma cachecticorum 496
location of haemorrhage of caloricum 496
422 toxicum 496

marginal gyrus of 382 traumaticum 496

medullary white matter of 383 uterine 496
minute structure of 389 chlorosis 4

morphology of 381 cholesteatoma of the pia mater of the
motor centres of 385 brain 457

neuroglia cells in degenera- choridritis 260
tion of 414 chondroblasts 155 ,

nucleus amygdalae of 383 chondrodystrophia hyperplastica 204
nucleus of Luys of 383 hypoplastica 202

occipital lobe of 381 malacica 204

occipito - temporal sulcus of chondroid tissue 155
382 chondroma of bone 239
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chondroma of bone, degenerations of 239 curvature, lordotic 222
............ the meninges of the brain ......... scoliotic 222

454 cutaneous anaesthesia 502
............. muscle 312 ......... eruption* due to medicament,
chondro-osteosarconiata 242 510
chotuirosarcomata 242 .................. of syphilbt 686
chordae tendineae 35 ......... haemorrhages, idiojuithic 498
choroid plexus, cystic degeneration of 442 ....................... symptomatic
cicatrix, apoplectic 424 413

Clarke's vesicular column 326 cutis, aenea 41X5

clavus 648 ..... fibroma of 5JO

cloacae 176, 184 cyanosis of the skin 492

cloudy swelling of muscle 297 cylindrorna of tin- spinal im-iunges 379
cnidosis 610 cysticercus of the brain 440

cocci, pyogenic 59 ............... heart 66

coccidia 547 ............... meninges of the brain

column of Tiirck 326 458

combination cells of Ramon y Cajal, 325 ................ j>ericardiiun 04

comedo 625 ................ spleen 1 16

comedone 671 .......... cellulosae of bone 244

coinmissural cells of spinal cord 324 ...................... muscle 312

........... fibres of the cerebrum 384 .......... racemosus of the meningM
concretio pericardii 62 of the brain 458

condyloma acuminatuin 550 cystic degeneration of the pineal gland

.......... endocystic 647 46;>

condylomata lata 537 ........................ pituitary

congestive hyperaemia of the spleen 108

connective tissue 63, 71, 75, 87, 88, 91, ..... fibroma 455

98, 111, 163, 166, 185, 192,250,252, ............. of the meninges of the

257, 307, 340 brain 45&

contractures 256 cysts, apoplectic 423

........ arthrogenous 256 ..... maxillary 244

........... articular 256 ..... of the skin 4.9

........... cicatricial 256 .......
.

spleen 116

....... myogenous 266 ..... P'al 442

co-ordination centre 386 ..... sebaceous 572

cor biloculare 19 ..... subarachnoid 442

biatriatum 19 ..... subohondral in arthritis defonnan*

............ biventriculare 19

. . villosum 60
rnrn 548 dandriff 5<0

conm cutaneum 549 degeneration, amyloid, of endocardium

............ a

' *"
ndoeardiun,

m 4

cranium (ee skull)

cretinism 200
concelatio panjfnujnoM 611

Y .

b
u
ral ln 4

,

02
h : tlial 400 . . conflation* bulii 611

criminals, brain in habitual 402
contuuifonni* 609

crura385
.'] general cxfoliatiw 620

crust, 603, 605
Pai>ill"in;itou 630
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dermatomycosis furfuracea 545 eburnation of bone 241
dermoid cysts, intracranial 457 ecchymoma 493
dexiocardia 24 ecchymoses 493

diaphysis 198 echinococcus of bone 244
increased longitudinal growth brain 440

of 210 heart 56

diarthrosis 245 meninges of the brain

diastematomyelia 328 458

diplococcus intracellularis 443 muscle 312

pneumoniae 59, 346 pericardium 64

pneumo- 314, 346, 373, 429, spleen 116

443, 444 ectasis, arterial 83

diphtheria, lymph-glands in 121 ecthyma 516

spleen in 110 ectopia cordis 24
dislocation 251 eczema 515

ankylosis in unreduced 259 acute 515

changes in unreduced 258 aetiology of 515

complex 251 chronic 515, 516
from caries in tuberculous ar- crustosum 515

thritis 285 erythematosum 515
: deformity, 266, 273 impetiginodes 515

results of 251 impetiginosum 515, 516

spontaneous 261, 262 madidans 515
unreduced 257 marginatum 545

' drill
' bones 310 papulosum 515

dropsy, meningeal 442 . rubrum 515

dropsical degeneration of muscle 297 squamosum 515
ductus arteriosus, persistence of 20, 22 vesiculosum 515
dura mater of the brain, 460 et pustulosum 515

alveolar sarco- elephantiasis 554, 557
ma of 462 acquired 550

carcinoma of 463 aetiology of 551
enchondroma arabum 550

of 463 associated with lymphan-
endothelioma giectasis 25, 98

of 462 cavernosa 558
fibroma of 463 dura 552
haematoma of endemic 550
460 fibrous 564

hygroma of 461 glabra 552

lipoma of 463 graecorum 540

morphology of haematangiomatous 564
460 lipomatous 564

osteoma of 463 lobate 564

psammoma of lymphangiectatica 552
462 lymphangiomatous 564

sarcoma of 462 mollis 552, 564

secondary tu- neuromatous 483, 564
mours of 463 papillomatosa 582

syphilis of 461 : phlebectatic 94
tuberculosis of situation of 551
461 sporadic 550

tumours of 462 tuberosa 552

spinal cord, inflammation verrucosa 552
of 380 elephantoid molluscum 563

tumours of 380 embolism of blood-vessels of the brain

dystrophy, progressive muscular 294, 303 417
adolescent embolus 38
294 encephalitis, acute haematogenous 439

adult 294 aetiology of 427
infantile focal 429
294 . insular 429



INDEX OF SUBJECTS XI

( The numbers refer to the paget)

encephalomalacia 417
enchondroina of bone 236

the dura mater of the
brain 403

the skin 607
endarteritis 71

deformans, chronic 71
obliterans 76, 71

epiphyte*, oblique displacement of, in
rickets 221

epiphytal cartilage 160

epiphysis 198

separation of the 211, 213
epithelioma conlagioKum 647

of the >k in 607

epithelium, deaquamatlon in scale* 606
endocardial thrombosis, calcareous inftl- shred* 606

tration of 32

organisation of
32

endocarditis 33

aetiology of 33
course of 38

diphtheritic 37

polypous 30

pustulosa 37

pyaemic 37
results of 39, 42
situation of 37

suppurative 37
tubercle-bacillus in 34
ulcerous 37

vegetations 31
verrucosa 30

. villous 30

erosion of cartilage 248, 200

eruptions, morphology of 603

erysipelas 622

aetiology of 622
bulloKum 623
crustosum 623

gangraenosuin 623

pusiulo.sum 623
vesiculosum 623

erythema 492, 603
annulate 509
bullosum 609
circinatum 609
rxsinhit iviim niultifonne 600

gyratum 609
iris 609
laeve 509
nodosuin 609

papulatuni 609warty 30

endocardium, amyloid degeneration of, traumatic <">

combined with hyaline tuberculatum 609

degeneration 32

fatty degeneration of 30
hernia of 51

hyaline degeneration of 32

morphology of 30

inucoid degeneration of 31

sclerosis of the connective

tissue of 31

thrombi on surface layer chondroid 109

of 31 fibroid 100

endoneurium 409 fibrous 2: JO

endothelioma 98, 240 movable \>

alveolar,of tbemeningesof multiple 2

the brain 464 ..~ii.io;.>r in ot-tiiriiiu >

spinal menin-

ges 378

calcified 562
of the dura mater of the

brain 402

.
.^

skin 558, 600
tuberosum 660

English disease 214
enostosis 236, 238

eosinophile cells 9

epulis, intraosseous 239

ependyma, sclerosis of 435
fibrinous deposits on 458

ephelides 496

epidermal cells, regenerative multiplica-
tion of 506

epidermis, desquamation of 601

epineurium 401)

urticatum ;>09

... vesiculosum 609

erythrasma 545
eschar f>00

exanthems 508
exostoses 108, 236. 311

bursate 237

cartilaginous 236

exudation in arthritis 261

facial angle of Camper 206

facies leontina 640

fat-granule cells in degeneration of lh*

cerebrum 415

fatty degeneration of the arterlen 66
blood-vessel* of the

brain 417
brain 400

, , , ., fibrous tissue

joinu 248

joint cartilage* 248

,.,... muscle 107

favns 642

felon 624

fibroma of bone 886, 238
the brain 440

. . cutis 669

I
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fibroma of the dura mater of brain 463 gangrenous bed-sore 527

spinal cord genu recurvatum 228
380 valgum 226

heart 65 adolescentium 226

meninges of the brain 454 causes of 226
molluscum 482, 663 infantum 226

multiple cutaneous 562 inflammatorium 226
of muscle 312 paralytic 228

nerves 481 traumaticum 226
the skin 562 gigantic overgrowth 207

spinal cord 372 causes of 208, 209

meninges 377 gigantism, partial 208

spleen 116 glanders, acute 542

fibrosarcoma of muscle 312 chronic 542

filaria Bancrofti 551 of muscle 309
fish-skin disease 554 the skin 542

flat-foot, causes of 227 glioma, aetiology of 439
flat papules 537 elongated 350
folliculitis barbae 525 histology of 439
foramen ovale 22 of the brain 436
fourth ventricle 327 spinal cord 372

fracture, green stick 164 situation of 439

of bone 160 size of 438
inflammation in 160 telangiectatic, of the spinal cord

injury to periosteum 372
in 160 gliomyxomata of the brain 439

length of time neces- gliosarcoma of the brain 439

sary for repair of 166 spinal cord 372

repair of 160 gliosis 350

fractures, atrophy of bone in 145 Goll's column of spinal cord 327

fragilitas ossium 145, 147 gonococcus 314

idiopathic form of 42, gout, joint cartilages in 246
148 Gower's tract of spinal cord 327

framboesia syphilitica 538 granular degeneration of muscle-fibres

non-syphilitica 630 of arteries 66
freckles 495, 560 granulation tissue 48, 61, 63, 111, 124,

Friedreich's disease 369 185, 262, 307, 530

frontal lobe of the cerebrum 381 granule-cells, significance of 416

fungus articuli 188 granuloma fungoides 530

funiculus cuneatus of medulla oblongata of the skin 530
327 traumatic 530

spinal cord 327 grutum 571

gracilis of medulla oblongata gumma of the brain 451
327 pituitary body 464

spinal cord 327 skin 538

funnel-breast 229 osteomyelitic 194

cause of 229
furuuculi 525 haematolysis 4

haematoma, arterial 88

ganglion 319 .- of bone 242

-cells, acute destruction of 413 the dura mater of the

calcification of 413 brain 460

fatty degeneration of 413 pineal gland 465

of spinal cord 324 skin 493

of the cerebrum 384 haematidrosis 493
sclerosis of 414 haematomyelia 350

wax-like condition of 414 haemoglobin, diminution of, in blood 4

crepitant 318 proportion off in leukae-

gangraena nosocomialis 527 mia 6

gangrene, decubital 527 haemoglobinuria, paroxysmal 14

hospital 527 haemo-pericardium 58

. . of muscle 299 haemorrhage in heart muscle 51
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haemorrhages, idiopathic cutaneous 493 heart, parasites of 66
of

5l'

e 8kin
' neuropathic primary Uim..un of 66

result* uf hviH-nrophy of 28
symptomatic cutaneous rhabdomyoina ,,f 56

, rupture of 48, 68
haemorrhagic infarction of spleen 107 sarcoma of 55

results sclerosis of 49, 64
f 108 secondary uimoura of 66

haemorrhoids 23, 94
softening ,,f 47

haemosiderm in spleen-pulp 104 stenosis of 4 1

hair 5
J_ syphilitic gumma of 66

. . . .abnormal overgrowth of 575 thicknt-ss of 24

.... follicles, wasting of 501 lulu-role of 5
. . . morphology of 572 wall, amyloid degeneration of 32

hairs, ring-streaked 574 weight of 24
halisteresis, new formation of bone in .' hypertrophled 28

1S3 hernia, cerebral 38
ossium 140 herpes circinatus 501, 513

hallux valgus 227 facialis 5 IS
Haversian canal 169, 171 iris 609, 513

lamellae 187 labialte'siS

systems 159 praeputialis 513
heart, actinomycosis of 55 progenitalis 513

aetiology of 26 tonsurans 544
aneurysms of 26 vesiculosua 513, 646
atrophic and degenerative changes syphiliticus 537

of 44 zoster 512
breadth of 24 hidroadenitis 525
carcinoma of 55 hirsuties 575
cicatrix of 54 hospital gantrrene 627

congenital hypertrophy of 24 ' housemaid's knee '317
cysticercus of 56 Howship's lacunae 312

development of 20 hyaline degeneration in tumours of spinal
dilatation of 26 meningvs 378

degenerations in 45 of arteries 66
dimensions in 26 lymph-glands 1 1,

diminution in size of 26 18
echiuococcus of 56 muscle 298

enlargement of 26 hydatid cysts of dura mater of spinal
fibroid cicatrix of 49 cord 380
fibroid induration of 49 hydraemia 3, 4, 6

...... fibroma of 55 hydrarthrosis 264

haemorrhagic infarct of 47 hydrocephalic micrencephalia 397, 398

idiopathic hypertrophy of 27 partial anenceplialia 397
ischaemic softening of 50 hydrocephalus, acquired 406

length of 24 causes of congenital in-

lipoma of 66 ternal 400

lipomatosis of 128 internal 386

lympho-sarcoma of 65 congenital inu-r lal 388
malformations of 17 external 397

. .! . . milk-spots of 61 internal 397, 398

motor centre of 386 ineningeal 397

muscle, abscess of 53 partial pachymeningitic
brown atrophy of 44 4U
calcification of 46, 61 result* of 399

fatty degeneration of 44 ventricular 398

granular degeneration of hydromyelia 349

45 congenital 349

hyaline degeneration of45 hydroniyelocele 349

simple atrophy of 44 hydro.perirardium 68

waxy degeneration of 46 hydrops bursaruui 317

myxoma of 55 * vacuo 400, 406
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hydrops tuberculosus 282
ventriculorum 406

hygroma 315, 317
acute 317
of the dura mater of the brain
461

tuberculous 319

hypalbuminosis 3

hyperaemic bone, osteomalacia in 152

hyperinosis 6

hyperonychia 575

hyperostosis 162, 178
in syphilis 195

hypertrichosis 575

acquisita 575
hereditaria 575

hypertrophic lymphangioma 560

hypertrophy, concentric 28
eccentric 28
of bone 154

papillae of skin 549
skin 548
the brain 401

simple 28

hyphomycetes 542

hypinosis 6

hypoleucocytosis 8

hypophysis cerebri 464

hypoplasia of brain, causes of 392

icterus 496

icthyosis 554

acquired 552

congenital 654

hystrix 557

nigricans 557
nitida 557
sebacea 570

simplex 556

idiocy as a result of malformations of

the brain 402

impetigo 616

contagiosa 516

herpetiformis 616

syphilitica 637

incarnatio unguis 575

index, altitudinal 206

cephalic 206
infective granulomata, of the heart 65
insula 382
interior-cells of spinal cord 325
internal meninges 442

of the brain, hyper-
aemia 442

anaemia of 442
isthmus aortae 419
itch 546

jaundice 496

joint-cartilage, mucoid softening of 246

softening of 247
. urates in matrix of 246

joints, acute inflammations of 260

amyloid degeneration of the car-

tilage of 246

ankylosis of 252
articular capsule of 245
calcareous deposits in cartilage of
246

cartilages of, in gout 246

changes in mature forms of 224,
225

the parts about 256
chronic inflammations of 260
classification of loose bodies in 287
cuts of 262

degenerations of 245
fibrous tissues of

248

development of mature 203
effusion of blood into 262

empyaema of 261, 282
false 166

fatty changes in the cartilage of
245

formation of new 257

gunshot wounds of 262
haematoidin in cells of cartilage

of 246

hypertrophic proliferation of 250

hypertrophy of 250
loose bodies in 251, 262, 272, 282,

287
mature forms of 223

mobility of
,
in arthritis deformans

273
new 252, 257

origin of loose bodies in 287

regeneration of 250

regenerative proliferation of 250
resection of 252
result of acute inflammations of

261

sprains of 251
stabs of 262

synovial membrane of 245

syphilis of 282, 285
tuberculosis of 282

kakke 473

karyokinesis 10, 130
keloid of the skin 566
keratoma diffusum 654

of the skin 459
keratosis 552

pilaris 556
knee joint, serous effusion into 262
knock-knee 226

causes of 226

kyphosis 152, 225

lacunar erosion of muscle 297

resorption in tuberculosis of
bone 184
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lathyrus cicera as a cause of scleroses of Icukacniic lympliomata 10
the spinal cord 367

leiomyonia of the skin 6(50

lentigines 405
leontiasis ossea 209

lepra anaesthetica 371, 475
.... bacilli 128, 346, 371, 475

maculosa 540
mutilans 475, 540

.... nervorum 475
nodosa 540

....'* tuberculosis 640

.... tuberosa 540

leprosy 540
Lombardian 510
of the lymph-glands 128

nerves 475

spleen 115
. . white 498

leptomeninges 442

leptomeningitis 430
acute 443

serous 444

aetiology of 445
chronic 446
combination of chronic
with internal prolifer-
ous pachymeningitis
449

fibrino-purulent 444
location of chronic 446

purulent 444, 445

sero-purulent 444
. . tuberculous 449

leucocytosis 8

lichen 621

haemorrhagicus 493
pilaris 556
ruber acuniinatus 621

planus 522
scrofuloKoruin 521

syphililiciu 5^0
lineae albicantes 600

lipaemia 6

lipoma, arborescent 271
of bone 239

the brain 440
dura mater of the brain 463

spinal cord
880

heart 65

meniiiges of the brain 464
muscle 312
nerves 484

pituitary body 464
skin 507

spinal meninges 377
literature (see references)
livedo 492
livor 492
locomotor ataxia 358
locus minoris resistentiae 86
loose bodies in joints 287

... classification of287

origin of 287
' loose cartilages

' 287

lordosis 152

lupus disseminatus et aggregatus 621

crythematosus .v_'n

experimental production of 8 discoides 621

inflammatory 8

pathological 8

physiological 8

leucocytes, proportion of various forms
of 10

leucomyelitis 346

leucopathia 496

congenita 498
leukaemia 8, 9

aetiology of 10

Charcot's crystals in 10

diminution of red cells in 10

dry residue in 6

. eosinophile cells in 9

heart-clots in 9

lymphatic 9

lymph-glands 130

myelogenous 9, 139

neutrophile cells in 10

splenic 9
without pathological change

10

leukaemic adenia 130

infiltrations 10

lymph-glands,
ma of 130

exedens .'.:;.;

exfoliativus 533
exulcerans 633
framboesioides 633

hypertrophirus 633
mamlosus 533
nodosus 533

papillaris 533

scrpiginosuft 688
tuberosus 633

tumidus 633
verrucosus 633

vulgaris 688

Luys, nucleus of 383

lymph 13

lymphadenia 129

progressive 130

lymphadenitis 120

chronic indurative 124

tuberculous 126

lymphadenoid hyperplMta, progtwrive
129

lymphadenoma 129

lymphangitis 96

lymphadeno- fcwue of 97

lymphaugiectasis 97
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lymphangiectatic elephantiasis 98 macrocheilia, lymphangiectatic 98

lymphangioma 98 macrocytes 5

of the skin 558 macroglossia, lymphangiectatic 98
of spleen 116 maculae tendineae 61

lymphatics, dilated chyliferous 98 mal del sole 510
occlusion of 97 malformations of the heart, aetiology of

tuberculosis of 97 22

lymph, cellular elements of 14 malignant pustule 526

changes in, dependent on changes malpighian follicles of spleen 104
in blood and tissues 14 mal rosso 510

lymph-channels, desquamative catarrh malum coxae senile 266
of 123 perforans pedis 527

fibrinous exudation in senile 266, 275
123 marrow, lymphoid, formed from carti-

microbes in 14 lage 248

lymph-glands, abscess of 123 fatty 248
acute inflammation of matrix, calcined cartilaginous 213

121 measles 508

amyloid degeneration of desquamation in 508
117 medulla oblongata 327, 385

calcification of 124 arcuate fibres of Solly
carcmoma of 133 of 327
caseation of 127 decussation of the py-
chronic inflammation of ramids in 327

124 displacement of cen-
colour of atrophied 117 tral canal in 327
fibrinous exudation in funiculus cuneatus of

123 327
fibroid induration of 125 funiculus gracilis of

foreign substances in 119 327

hyaline degeneration of motor centre of heart
118 of 386

hyperplasia of 120 nucleus cuneatus of

in diphtheria 121 327
inflammation of 120 nucleus gracilis of 327

lymphosarcoma of 130 olivary body of 327

metastatic growths of 133 parolivary body of 327
morbid changes in 117 reflex centre of 386

morphology of 117 respiratory centre of

proliferation of 120 386
resolution after inflam- restiform body of 327
mation of 123 vaso motor nerve

. . . sarcoma of 131 centre of 386
sarcomatous metastases vocal articulation cen-

of 133 tre of 386

simple atrophy of 117 megaloblasts 5

softening of structures melanosis, progressive lentiginous 561

surrounding 120 membrane-bones 196

suppuration of 123 meningeal dropsy 442

syphilis of 128 '. . tumours, calcareous concre-

tubercle-bacilli in 127 tions in 455
ulceration of adjacent tis- meninges of the brain, alveolar endothe-

sues to 120 lioma of 454

lymphoid tissue, danger of large-celled angiomyxoma of

hyperplasia of 127 454

large-eel led hyperplasia angiomyxosarco-
of 126 ma of 454

lymphoma, malignant 130 angiosarcoma of

lymphosarcoma 129 454
of the heart 65 animal parasites

pericardium 64 of 458

lymph-vessels, morbid changes in 96 carcinoma of 454
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meninges of the brain, chondroma of 464 morbilli 608
cysticercus of 468 laeves 506
cystic fibroma of papulosi 608

455 inorbus niaculosiu Werlhofii 493
dernioid cysts of hat-morrhagc of the heart in 61

457 inorphoea 6<MJ

echinococcus of nigra et alba 640
458 mother's marks 668

fibroma of 454 motor cells of spinal cord 324
haemorrhages umcoid tissue 248

into the 370 mucous patches 637
* lipoma of 454 multinuclear osteoclasts 173

myxoma of 454 mures articuli 287
myxosarcoma of muscle, abscess of 307

454 amyloid degeneration of 209
osteoma of 454 anaemic degeneration of 293
psammoma of 455 and tendons. Sect, v p. 289
sarcoma of 454 angioma of 312

secondary tu- animal |irasites of 312
mours of 458 atrophy of, from diKii.se 292

osteomata of spinal 377
"

lij>omatous pwudo-
tumours of spinal 377 hypertrophic 302

meningitis, cerebro-spinal 373, 444 bony formations in 310
epidemic cerebro-spinal 373 calcification of 299

fibrino-purulent spinal 373 carcinoma of 312

purulent spinal 373 causes of atrophy of 203

seropurulent spinal 373 cells of heart, atrophic and de-

spinal 373 generative changes of 44

syphilitic spinal 375 chondroma of 312
traumatic purulent 373 cicatrix of 307
tuberculous 374, 432, 449 cloudy swelling of 297

meningo-encephalitis, aetiology of chron- cysticercus cellulosae of 312
ic 447 degeneration of 297

tuberculous 449 dropsical degeneration of 297

myelitis 347, 373 dry gangrene of 299

tuberculous, and neur- echinococcus of 312
itis 375 fatigue of 291

tuberculous 370 fatty degeneration of 297
mesarteritis 71 fibroma of 312

micrencephalia 390 fibrosarcoma of 312

hydrocephalic 397 gangrenous necrosis of 299

micrococci, pyogenic 73, 74, 92, 170, glanders of 309

314, 340, 373, 428, 429, 443, 517, 527, haematogenous tuberculosis of

629 3(H)

micrococcus endocarditis capsulatus 33 healing of abscess of 307

microcephalia 200, 200, 390 hyaline degeneration of 298

microcosmia 200 hyperplasia of connective tissue

microcytes 6 of 307

microdactylia 312 hyi*>rtrophy of 304

saicrogyria 391 induration of 307

cerebellar 392 inflammation of 306

micromelia 200, 328 lacunar erosion of 297

chondromalacica 204 length of 291

micro-organisms, pathogenic 176 lipoma of 312

microsporon furfur 645 Hpornatous pseudohypertrophic
minutissimum 645 atrophy of 3

miliaria crystallina 611 local anaemia of Mi
milium 571 morphology of 291

misplacement of the large blood-vessel* myxoma of .51-'

1
,

,
myxosarcoma of .". 1 1'

moles 657, 660 m-'umpathii- atrophiM of 298

molluscum contagiosum 647 nucl- 1 :.".'!
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muscle, primary tumours of 312 myomalacia cordis, tissue-changes in 48

progressive atrophy of 293 myopathy, primary 293
bulbar paralysis of myositis 306

292 gangrenous 307

dystrophy of 294 progressive ossifying 310

pseudohypertrophic paralysis of purulent 307
303 myotonia, congenital 304

pseudohypertrophy of 301 myxo-nbroma of bone 239

regeneration of 305 lipo-sarcomata of muscle 312
results of degenerations of 299 sarcoma of the meninges of the

rhabdomyoma of 312 brain 454
sarcolemma of 291 muscle 312
sarcoma of 312 myxoma of bone 235, 239
seat of atrophy of 293 dura mater of spinal cord

simple atrophy of 296 380
striated fibres of 291 the heart 55

syphilis of 309 meninges of the brain 454
trichina of 312 muscle 312
tuberculosis of 308 nerves 484
vacuolar degeneration of 297 the skin 567

wasting of 297

waxy degeneration of 300 naevi, vascular 557, 558
muscular atrophy, progressive spinal 365 .... pigmentosi 495

fibres, fragmentation of 297 vasculosi flammei 558

mycosis fungoides 630 vinosi 558

microsporina 545 naevus pigmentosus papillomatosus 560

myelin, coagulation of 414 prominens 560

myelite cavitaire 351 verrucosus 560

myelitis 333, 334 pilosus 495, 561

aetiology of 346 prominens 495, 558
central 347 spilus 495
consecutive 347 unius lateris 565
diffuse 345 vascular of the brain 440
forms of 344 verrucosus 495, 560
from compression 345 nails 570, 574

haematogenous 345 exfoliation of 501

haemorrhagic, a focal disease ingrowing 575
345 overgrowth of 575

multiple 345 nanocephalia 200

solitary 345 nanosomia 200

repair after 344 nearthrosis 166, 252, 259
results of 346 necrogenous warts 534
termination of 346 necrosis, central 172
transmitted 347 of cartilage 248, 260
transverse 346 vessel-walls 67

myelocystocele 349 partial 172

myelocytes in leukaemia 9 superficial 172

myelogenous sarcoma of bone 239 syphilitic 194

myeloma of bone 241 total 172

myelomalacia, haemorrhagic 331 nerves 469
ischaemic 331 ascending secondary degenera-

myeloplaxes in bone resorption 141 tion of 340

myocardite segmentaire 45 axis cylinder of 469

myocarditis 38 cells of, spinal cord 324
indurative 13 changes in, after disease of the

purulent 62 anterior horns 472

segmentary 45 changes in, after diseases of the

myocardium, morphology of 44 motor roots 472
wounds of 54 changes in, after section of 470

myohaemoglobin 293, 296 degeneration of 470

myomalacia cordis 45, 47 descending secondary degenera-
. seat of 50 tion of 340
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nerves, effect of diseases of the anterior neuroglioma, ganglionic 436horns on 472 neuroma 482

elements, disintegration of, in ampntational 479
myelitis 344

pampiniform 483

fTi'V
re8eneration plexiform 483, MS

fibres, destruction of 414
neun,ma,,,,w ,l,.,,ha,,iiasi. 483
neuron 3.17

rate of growth of 478

secondary degeneration of
340

fibroma of 481

haematogenous degeneration of
472

inflammation of
472

inflammation of 470

sympathetic 475
ischaemia of 331

leprosy of 475

lipoma of 484

medullary sheath of 469
myxoma of 484
naevus 565
neuroma of 482

regeneration of 478
sarcoma of 484

simple degeneration of 470
trunk, blood-vessels of 409
tumours of 481

nettle-rash 510
neuromatous elephantiasis 664
neuraxon 324
neurilemma 409, 479
neuritis 470, 473

acute 473

aetiology of 472
chronic 474
disseminated 473
interstitial 470

lymphogenous 473

multiple 473
of roots of spinal nerves 373

parenchymatous 470

proliferous 474
subacute 474

*
syphilitic 474
tuberculous 375, 474

neurofibroma 482
of the skin 563

neurocytes 324

neuroglia-cells in degeneration of the ce-

rebrum 414
of spinal cord 324

proliferation of 419

proliferation of, in myelitis
846

sclerosis of 350

neuroglioma 436

.'W6

nodes 503

normoblasts 5

occipital lobe of the cerebrum 381
destruction of, in soften-

ing of the brain 420
ochronosis 240
oedema of the skin 492

olfactory centre 385
oligaemia 3,

oligocythaemia 4

onychogryphosis 675

onychomycosis favosa 643
tonsurans 645

optic thalanms :>83, 386
functions of 387

putamen of 383
oriental sore 528
osseous hyperplasia 209

system, Sect, iv 135

tissue, new 64

pathological formations
of 181

plexiform 169

tumours, aetiology of 235
ossification 196

anomalous processes of, in

rickets 215
centre of 198

(liajiliysi.il centres of 198

endochondral 190, 196

epiphysial centres of 198

myelogenouj* disorders of,
in rickets 217

of the arteries 67

periosteal 190

disorders of, in

rickeis 217

ossifying fibroma 239

osteoarthropathif hi/ivrtmphiamte tTori-

ginf IHK Hiiii'/to 178

osteoarthropathy, pulmonary hyper-

trophic 178

osteoblasts 165, 159. 169, 325
osteochondmma 239

oeteochondritis, syphilitic 211

osteoclasts, in bone resorption 141

synonymous, with myelo-
plaxes 142

osteofibroma

osteogenesis, imperfect 202
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osteoid sarcoma 240
tissue 155
trabeculae 161

osteoma 235, 236

compact 236

ivory 236

medullary 236
of the brain 440

dura mater of the brain
463

meninges of the brain 454
skin 567

spinal meninges 377

shape of 237

spongy 236
osteomalacia 151

carcinomatous 242
causes of 151

juvenile 151

kyphosis in 152

lordosis in 152

scoliosis in 152
senile 151

osteomyelitis 170
acute infective 171

fibrosalSO

haematogenous purulent
175

micrococci in infective 171

origin of infective 171

osteomyxoma 239

osteophytes 161, 168, 187, 195

periosteal 178

osteoplastic germinal tissue 173

osteoporosis 143, 179
in syphilis 195

osteopsathyrosis, symptomatic 145
osteo-sarcoma 235, 240, 242
osteosclerosis 168

ostitis, 170
albuniinosa 174

deformans 178, 179, 181

deformities of verte-

brae in 181

hypertrophic 178

hypertrophicans 179

pachyacria, hypertrophic ostitis in 178

pachydermia 94, 483, 564

acquisita 550

pachydermatocele 564

pachymeningitic hydrocephalus, partial
461

internal haemorrhagic
379

pachymeningitis, chronic external 461

haemorrhagic 379, 460

panaritium 176
cutaneum 524
subcutaneum 524

panarthritis 260, 261, 263

panneuritis epidemica 473

panniculus adiposus, cardiac 28

pannus, vascular 264

papilloma areo-elevatum 530

inflammatory fibrous 550

neuropathic of the skin 565
venereal 536

papules 503

parakeratosis 519

paralysis, acute bulbar 358

general progressive atrophy
of brain in 407

glosso-labio-laryngeal 366
infantile spinal 362

motor, in softening of the brain
420

progressive bulbar 392, 358,
366

pseudohypertrophic muscular
303

sensory, in softening of the
brain 420

spastic spinal 358, 365

parasynovitis 260

paresie analgesique a panans des extre-

mites superieures, 351

parietal lobe of the cerebrum 381

paronychia tendinosa 524

passive hyperaemia of the spleen 106

pectus carinatum 222

peliosis rheumatica 493

pellagra 510 .

pelvic bones, tuberculosis of 192

pelvis, lateral expansion of 205

oblique transverse contraction of

205

pseudo-osteomalacic 222

symmetrical transverse contrac-
tion of 205

transverse contraction of 206

pemphigus 513
acutus 514

aetiology of 514
chronicus vulgaris 514
circinatus 514
confertus 514

diphtheriticus 513
disseminatus 514
foliaceus 513, 514

gyratus 514
neuroticus 515

serpiginosus 514

syphiliticus 515, 538

vegetans 514

vulgaris 513

Penjdeh boil 528

pentastoma 107

of the spleen 116 ,

perforating ulcer of the foot 527

periadenitis, purulent 123

periarteritis 71

nodosa 80

pericardial cavity, obliteration of 62
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pericardia! exudation, absorption of 62 phlebitis, obliterang 91
calcification of 62 proliferous 91, 02
sero- sanguineous suppurative 92

fluid, normal amount of 68
pericarditis 59

adhesive 61, 62
extension of 62

fibrino-purulent 62

purulent 62
sero-fibrinous 60

. . . ? sero-purulent 62

pericardium, actinoinycosis of 63
adhesion of 60
animal parasites of 64
carcinoma of 64

cysticercus of 64
defects of 58
diverticula of 58
echinococcus of 64

ectopia of 68

haemorrhages in 68
infective granulomata of 63

lympho-sarcoma of 64

morphology of 58

passive dropsy of 58

primary tumours of 64

secondary tumours of 64

syphilis of 63
tuberculosis of 63

perichondrium 106

perilymphangitis 96

syphilitic 92
tuberculous 92

phlcboliths 92, 95

phleboscleroHis 91

pia niater 442
of the brain, carcinoma of 466

choleKteatotna of
467

ili.-v.i-iniii.-it.Mi mil-

iary tuberculo-
sis of 449

haemorrhages in-

to n . ;

oedema of 442

pearly tumour of

457

solitary tubercle*
of 461

spinal cord 373

pigeon-breast 222

pigment-granule cells in degeneration of

the cerebrum 415

piles 94

pili annulati 574

pineal gland 460, 465
haematoma of 4i'5

hyperplastic enlargement of

465
. . inflammation of 465

perimysium, changes in, in atrophy 301 pathological changes in 466

perineurium 469

periosteum 196

injury to, in fracture 160

spindle-shaped swelling of

163

periostitis 170
albuminosa 174

haematogenous purulent 176

tuberculous 186

periostosis 169

peripheral nerves, structure of 469
nervous system, Sect. VH p. 469

priphlebitis 91

syphilitic 92
tuberculous 92

perisplenitis 109

peritonitis in splenic abscess 112

perniones 610

pes equino-varus 228
. paralyticus 228

. . . valgus acquisitus 227

petechiae 493

petrosal bone, tuberculosis of 461

phlebectases 93

phlebitis,. hyperplastic 91

psammoma of 466
tumours of 466

pit 518

pituitary body 460
in acromi'galy 464
adenoma of 464

carcinoma of 404

cystic degeneration of

"4(54

gumma of 464

hypcrplaatic overgrowth
f 404

ganglion -cells Inflammation of 464

of 469 lipoma of 404

terminal sense morphology of 464

organsof469 sarcoma of 464

struma of 464

teratoma of 404
tuberculosis of 464

tumours of 404

pityriasis furfuracea capillitii 670

rubra 680

simplex 499
tabescent ium 600

versicolor 646

plasmodium malariae 110

plaamoschisis 6

plethora apoooptica 3

cardiac hypertrophy in 4
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plethora serosa 13
a transient condition 4

temporary 3
vera 3

pneumo-pericardium 62

pock 518
mark 518

podagra 261

poikilocythaemia 5

poliomyelitis 346
acute anterior 358, 362

symptoms of acute ante-

rior 362

poliosis circumscripta 497

polyarthritis, chronic rheumatic 276, 278
nodular 275

polymyositis, acute primary 306

polypi, nasal 238

polyneuritis 473

polypus, cardiac 46

polytrichia 575

pompholyx 613

pons, functions of nucleus of 387

glioma of 439
results of stimulation of 386

porencephalia 394, 396

porrigo amianthacea 570
decalvans 573

port-wine stains 558

projective fibres of the cerebrum 384

proliferous zone 196

proud flesh 529

prurigo 520

psammomata of the brain 440
dura mater of the

brain 467

meninges of the
brain 455

pineal gland 465

pseudo-arthrosis 166

-leukaemia 11, 130

-porencephalia 396

psoriasis 519
annularis 619

guttata 519

gyrata 519
nummularis 519

palmaris et plantaris syphilitica
637

punctata 519
seat of 519

pulmonary artery, circumference of 24
stenosis of 17

purpura 493

haemorrhagica 493

papulosa 493
scorbutica 493
senilis 494

simplex 493
variolosa 493, 517

pustule 503, 506

putamen 383

pyaemia, spleen in 109

pyez 498

pyomyelia 350

pyramidal tracts, primary degeneration
of, in amyotrophic lateral sclerosis 365

rabies, virus of 346
rachitis 214
Ranvier's nodes 469
rashes 508
red blood- corpuscles, destruction of 4, 5
. . . corpuscles, nucleated 5
references on

acromegaly 181

albinism 498

alopecia 574
anaemia 6

aneurysms, arterio-venous 90
formation of 89

ankylosis 256
aortic stenosis near the ductus

arteriosus 24

arteries, atheroma of 72
calcification of 67

hyaline degeneration of 67
sclerosis of 72

arteritis 77

tuberculous 81

syphilitic 81

arthritis, ankylosing 277
chronic dry ulcerative 277
deformans 277

gouty 281
in infective diseases 263

articular syphilis 286
tuberculosis 286

bone, arrest of growth of 213

atrophy of, from disuse 148

cysts of 149, 244
disturbances of growth of, due

to mechanical causes 230
halisteresis of 153

hydatids of 244

hypoplasia of 207

inflammatory stimulation of

213
lacunar resorption of 148

leprosy of 195
local overgrowth of 210

neuropathic atrophy of 149

phosphorus-necrosis of 177

premature synostosis of 207

regeneration of 159

repair of fractures of 167
structure of 159

syphilis of 195
tuberculosis of 188*

tumours of 243
bone-marrow 138

changes in, accom-

panying various dis-

eases 140
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references on

bony hyperplasia from the effects of
arsenic and phosphorus 210

brain, abscess of 431

atrophy of 410

cysticercus in 459

cysts of theadventitial lymph-
sheaths of 443

choroid plexuses
of 443

meninges of 443
defects of 396
function of 387

heterotopia of the grey mat-
ter of 403

hyperplasia of the grey mat-
ter of 403

ischaemic softening of 421
malformations of, in cretins

403
criminals

403
idiots403

structure of 387

syphilis of internal meninges
of 453

traumatic injury of 428
tuberculosis of internal me-

ninges of 451
tumours of 440

the dura mater of

404
internal meninges

of 458

bursae, diseases of 319

hygroma of 317

cartilages, degenerative changes in

articular and other
-248

repair of injuries to 252

cerebellum, atrophy of 411

hypoplasia of 392
cerebral haemorrhage 424

sclerosis 435

cerebrum, hypoplasia of 392

chancre, soft 530

corpus callosum, absence of 396
cutaneous horns 550

dermatitis, papillomatous, of the

scalp 532
eczema 516

elephantiasis, acquired 553
neuromatous 665

enceplialitis, focal 430
endocarditis 42

endocardium, degenerations of 32

ependymal sclerosis 435

erythema 510
exostoses 210

ganglion 319

ganglion-cells, calcification of 417

glanders, cutaneous 642

refer to the page*)

references on
granuloma fungoides 531

umbilical 632
hair, nodes of 576
.... reproduction of 574
heart, aneurysms of 62

development of 23
tibroid induration of 62

hypertrophy of 28
malformation* of 23

muscle, atrophy of 4rt

degeneration of 46
myocarditis of 54

myomalacia of 52

parasites of 57
size of 25

syphilis of 56
tuberculosis of 56
tumours of 50

... . wounds of 54

herpes zoster 613

hydraemia
hydrocephaluB, congenital 400

hydromyelia 362

hypertrichosia 675

ichthyosis 567

impetigo 616
intracranial circulation and its dis-

turbances 4<Hi

joints, Iwhaviour of blood in 263
changes in, after long imino-

bility 278
formation of new, after rm-c-

tion 253
loose 1 todies in 288

neuropathic affections of 280

large blood-vessels, size of 25

leprosy, cutaneous 540

leucocytosis 11

leukaemia 11

lichen 522

liparmia
''

lupus erythematosus 521

lymphadenia 131

lymphadenitis 125

syphilitic 128

tuberculous 128

lymphangitis 07

lymphatics, dilatation of 99
obstruction of 99

lymph-glands, degeneration of 118

deposition of foreifrn

substance* in 120

tumours of 133

meningitis, aetiology of acut 446

morbid anatomy of acute

446
molluscum conuigiosuin 647

muscle, amyloid drgeneration of 301

cali-iticati.'ii of 3nl

drirmrr.it ivr atrophy of 300

bydatids of 313
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references on
muscle, hypertrophy of 305

lipomatous pseudohypertro-
phy of 303

simple atrophy of 300

syphilis of 309
tuberculosis of 309
tumours of 313

muscles, adaptation of, to altered

conditions of contraction 294
muscular atrophy in connexion with

inflammation of

joints 295
in connexion with

injuries to mus-
cles 295

neurogenous 294

primary myo-
pathic progres-
sive 295

... spinal 294

myelitis 348
from compression 345

traumatic injury 345

myositis 308

ossifying 312

myotonia, congenital 305

nearthroses, formation of 259

nerves, cachectic degeneration of 475
inflammation of 475

infective degeneration of 475
inflammation of 475

regeneration of 480
toxic degeneration of 475

inflammation of 475
traumatic degeneration of

475
inflammation of

475
tumours of peripheral 484

osteoarthropathy 181

osteochondritis, congenital syphi-
litic 213

osteomalacia 153

osteomyelitis 174
ostitis deformans 182

hypertrophic 181

pachymeningitis, haemorrhagic 463

proliferous 463

paralysis, aetiology of progressive

general 410

anatomy of progressive
general 410

arsenic 295
lead 295

progressive bulbar 367

spastic spinal 367

pellagra 510

pemphigus 515

periostitis 174

periarteritis nodosa 81

pericarditis 63

references on

pericardium, tuberculosis of 64

syphilis of 64

phlebitis 93

phlebosclerosis 93

pineal gland, tumours of 465

pituitary body, affections of 465

pityriasis rubra 521

plethora 6

poliomyelitis, acute anterior 364

porencephalia 396

prurigo 521

psoriasis 520
rhinoscleroma and its bacillus 531
rickets 223
sclerodermia 553

skeleton, hypertrophy of 210

skin, angioma of 558

atrophy of 501
diseases of, in general 589
endothelioma of 562

.... fibroma of 565

.... gangrene of 528

.... haemorrhages of 494

lymphangioma of 562

neuropathic papilloma of 566

syphilides of 539
tuberculosis of 535

.... tumours of 568

small-pox, formation of vesicles of

519

spinal amyotrophy, progressive 367

sclerosis, amyotrophic lateral

367

cord, anaemic degeneration of

333
inflammation

of 333

atrophy of, from loss of

the "limbs 333

atrophy of, from under-

growth of the limbs 333

combined systemic de-

generations of 367
disseminated sclerosis

of 356

histological changes in

foci of degeneration
340

histological changes in

foci of inflammation
340

infective degeneration of
333

inflammation
of 333

leprosy of 371
malformations of 329

multiple sclerosis of

356

secondary degeneration
of 343"
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references on rice-bodies 310
spinal cord, structure of 328 in bursac 318

syphilis of 370 rickets 214
syphilitic degeneration a disorder of nutrition 222

of 871 an inflammatory disease 222
Byringomyelia 862 anomalous proce* of
toxic degeneration of tion in 21ft

**3 catalx>lic disintegration in 223
inflammation of cranial sutures in 222

333 deformities in 220

.^
traumatic degeneration dentition in 222

of 333 disorders of myelogeiious ossift-

Inflammation cation in 217
of 333 periostea! <*Hfica-

tuberculosis of 371 tion in 217
tumours of 372 displacement of epiphyses in 221

dura mater, morbid anatomy enlargement of zone of prolifer-
of 380 ating cartilage in 217

meninges, syphilis of 376 fontanelles in 222
tumours of internal funnel-shai>ed thorax in 222

379

meningitis, aetiology of 376

histology of 376

spleen, acute enlargement of, in in-

fective diseases 112

engorgement of 108

function of 105

infarction of 108
structure of 105

syphilis of 116
tumours of 116

splenic hyperplasia 114

splenitis, purulent 112

syphilis, articular 286
tabes dorsal is 360

hyperaemia of bones in 222
lacunar resorption in 215
micromelic foetal 200

pectus carinatnin in 222

pigeon-breast in 222
softness of the bones in 220

rider's bones 310

ringworm, common 544

. . crusted 542

risipola lombanla 510

root-ganglion cells of spinal ganglia 325
roseola 492

aestiva 510
autumnalis 510

. choleraica 510

tendons and sheaths, morbid anat- infantilis 510

oiny of 316
tendon sheaths, hygroma of 317

transfusion of blood 6
trichorhexis 575

tuberculosis, articular 286

ulcer, perforating, of foot 528

urticaria 510

valves, structure of 32

varices 95

vitiligo 498
wens 572
.... tumours originating from 672

xant lioniii 662

regeneration of bone 154

muscle 305

Reil, island of 382

relapsing fever, spleen in 110

rheumatics 510

syphilitic 536

typhosa 510
rubeola 608

rupia syphilitica 538

sarcoblasts 305

sarcolemma 291

sarcoma of bone 235, 230

giant-celled _"
myelogenous
240

retrogressive changes in

240
telanu'iectatic 240

the brain, 440

alveolar, of the dura mater of

the brain 4i'--J

. .. , ;.ir

resorption of bone in resection of joints
OKO . . of dura mater of the brain 4i2
262

respiratory centre 386

rhabdomyomata of the heart 65

muscle 312

rhagades 605

rheumatism, acute polyarthritic 261

rhinophyma 568

rhinoscleroma 531

spinal cordm
heart 66

lymph-glands 131

meningi's of the brain 464

muse!-
nerves 484
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sarcoma, imperfect development of 206
of pituitary body 464

ossifying 242

periosteal 241
of skin 566

spinal cord 372

meninges 378, 379

spleen 116
sarcomatosis of the skin, general 566
scab 503, 505
scabies 546
scales 503, 506
scar 507
scarlatina 508

desquamation in 508

haemorrhagica 508
sclerema neonatorum 553
sclerodermia 552

sclerosis, amyotrophic lateral 365
of the arteries 67

aetiology of 69
results of 71

terminations of

71

blood-vessels of the brain 417
brain 416

scoliosis 152, 225
cause of 225

paralytic 228
scrofulodermia 532

miliare 521

scurvy haemorrhagicus 493
scutula 542, 544
sebaceous cysts 572

changes in 572

glands 570
seborrhoea 570

furfuracea 570
oleosa 570
sicca 570

squamosa 570
sebum 670

sensory centres 385

septula medullaria 323

septum, auricular 22
intermedium 21

ventriculorum 21

sequestra of cartilage 260

sequestrum, abscess 173

absorption of 173
removal of 173

Sharpey's fibres 159
sheath of Schwann 469

shingles 512
shreds 506
sinus reuniens 22

in tuberculous arthritis 284
situs viscerum inversus 24

skeleton, acquired lesion of 200
cause of arrest of development

in 200

hypertrophy of 207

skeleton, inherited variation of 200
internal 196
osseous part of 154

spontaneous variation of 200

skin, Sect, vin 489
abnormal chilling of 502

heating of 502
.... acne of 525

rosaceae of 492
.... acquired elephantiasis of 550
.... acute inflammation of 506

.... aetiology of inflammation of 502

.... amount of blood in 491

.... anaemia of 492

.... angioma of 557

.... angiomyoma of 566

.... animal parasites of 545

.... argyria of 496
atheroma of 499

.... atrophy of 499
in nervous affections

501
bed-sores of 603

.... blebs of 505
blister of 511
boils of 525

.... burns of 511

.... cachectic atrophy of 500

.... cancer of 567

.... cavernous lymphangioma of 559

.... chaps of 505
chloasma cachecticorum of 496

caloricum of 496
toxicum of 496
tranmaticum of 496

.... chronic atrophic inflammation of

507

hypertrophic inflammation
of 507

inflammations of 507
.... cicatrising epithelioma of 567
.... contamination of 502

crusts of 503, 505
.... cutaneous lymphangioma of 559
.... cyanosis of 492
.... cystic lymphangioma of 559

cysts of, containing hair 499
.... decnbital necroses of 503
.... desquamation of 492

'

epithelium of 506

.... developmental diseases of 489

.... diagnosis between active hyperae-
mia of, and inflammation 492

.... discolorations of 495

.... disorders of circulation of 491

ecchymoma of 493
.... ecchymoses of 493

ecthyma of 576
.... eczema of 515

enchondroma of 567

endocystic condyloma of 572

papilloma of 572
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' mamic
of 603

measles in 608
scarlatina in 608

erysipelas of 522

erythemata of 492, 509
.... eschars of 506

exanthems of 508
excoriation of 505

. . . . exfoliation of 605
, fibroma of 662

. . . . fissures of 505
flea-bites of 503
freckles of 495
functions of 489
furfuraceous desquamation of 606

. . . . general sarcomatosis of 666
glanders of 542

. . . . granulomata of 530

gummata of 538

haematangiomata of 557
. . . . haematoma of 493

haemorrhagic bulla of 493
. . . . herpes of 612

hyperaemia of 492
. . . . hypertrophic angioma of 567

lymphangioma of

559, 569

hypertrophy of 648
. . . . icterus of 406

idiopathic disease of 489

impetigo of 516

inflammatory disorders of 602
fibrous papilloma of
550

hypertrophies of 648
oedema of 402
tumours of 548,

. . . influence of corrosive chemicals on
502

irritation of the nerves
of 602

. . . jaundice of 496

. . . keloid of 666
Addison's 666
cicatricial 666

. . . keratoma of 549

. . . leiomyoraa of 566

. . leprosy of 640

. . . leucopathia of 496

acquisita 496
. . . lichen of 521

haemorrhagicus of 493
. . . linear atrophy of 600
. . . lipoma of 567
. . . livedo of 492
. . . livor of 492
. . . local malformations of 664
. . . lupus erythematosus of 620

vulgaris of 632

. . . lymphangioma of 668

.... membranaceous desquauiation of

miliaria of 611
.... moles of 495

molluscum contagiosum of 647
.... morphology of 489

mycoses of 542

myxoma of 667
.... neurofibroma of 663
.... nodes of 503
.... non-inflammatory hypertrophies of

664

tumours of 664
oedema of 492
osteoma 667

.... papules of 603

parasitic disorders of 602
.... pemphigus of 613

petechiae of 493

phlegmon of 624
.... phlegmonous inflammation of 624

pigment in 492
.... pigmental lymphangioma of 660

moles of 495

pigmentary atrophy of 496
discoloration of 492
disorders of 496

pityriasis of 499, 620
.... prurigo of 620
. .. . psoriasis of 619
.... purpura papulosa of 493

pustules of 603, 606
.... rashes of 608
. . . . recent haemorrhages of 493
. . . . regenerative multiplication of epi-

dermal cells of 606

rhagades of 605
rodent ulcer of 667, 668
roseola of 492, 670

. . . . sarcoma of 666
scabs of 603, 605, 607

. . . . scales of 603

. . . . secondary tumours of 668
, . . . senile atrophy of 4U9

. . . . serpiginous inflammation of 606
, . . . siliquose desquamation of u06
. . . . simple angioma of 667

atrophy of 499
. . . sloughs of 606

, . . . stigmata of 494

, . . . subcutaneous lymphangioma of 669

. . . sudamina of 611

. . . sun-spots of 495

... symptomatic disease of 489

... syphilis of 636

. . . tattooing of 496

. . . telangiectatic lymphangioma of 669

. . . terminations of bones of 61 1

. . . tran.Mcnt pigmentation of 600

. . . traumatic granulomata of 680
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skin, tubercles of 503 spinal cord, anterior column of 323

.... tuberculosis of 532 ground bundle of

ulcers of 528 327
urticaria of 510 horns of 323
uterine chloasma of 496 arachnoid of 373
vacuolation of cells of 504 ascending degeneration in

vesicles of 503, 505 341

.... vibices of 493 asymmetry of 328

.... warts of 534 causes of inflammation of 332

.... wheals of 503 central canal of 323

.... xanthelasma 495 sclerosis of 350
xanthoma of 495 Clarke's vesicular column of

skull, brachycephalic 206, 207 326

capacity of 207 column of Burdach of 327
causes of deformity of 224 Goll of 327

cephalonic 207 columns in white matter of

clinocephalic 207 325

dolichocephalic 206, 207 combined systemic diseases

formation of cranial portion 224 of 368

height of 206 compression of 332

hydrocephalic 207 corpora amylacea of 337

hypsocephalic 206 crossed pyramidal tracts of

leptocephalic 207 326
measurements of 206 defective development of the

mesocephalic 206 tracts of 328

microcephalic 207 degeneration of 330, 334

orthocephalic 206 descending degeneration of

orthognathous 207 340

oxycephalic 207 development of single tuber-

pachycephalic 207 culous nodes in 370

pathological types of 207 direct cerebellar tracts of 326

plagiocephalic 207 pyramidal tracts of 326

platycephalic 206, 207 disseminated sclerosis of 353

prevention of longitudinal expan- tuberculosis of

sion of 206 370

prognathous 207 dura mater of 379
results of synostosis of 206 fat-granule cells in 336

sphenocephalic 207 fibroma of 372

trochocephalic 207 dura mater of 380

trigonocephalic 207 formation of connective tis-

variations in form of 206 sue in 340

slough 506 funiculus cuneatus of 327

small-pox 517 gracilis of 327
confluent 517 gelatinous substance of Ro-

haemorrhagic 517 lando 323

pit of 518 glioma of 372

pock of 518 gliosarcomata of 372

Solly's arcuate fibres 327 Gower's bundle of 327

speech-centre, motor 385 gradual compression of 331

spina ventosa 185, 189 granule cells in degeneration
spinal arthropathies 279 of 342

cord, abnormality of central canal grey commissure of 323
of 329 degeneration of the pos-

grey commis- terior columns of 3o8
sure of 329 gelatinous degeneration

abscess of 346 of 340
acute inflammation of dura matter of 323>, 324
mater of 379 heterotopia of 329

agenesis of 329 hydatid cysts of dura mater

amyotrophic lateral sclerosis of 380
of 358 hypoplasia of 329

angiosarcomata of 372 infective granulomata of 370
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spinal cord, inflammation of 3:M), 332 spinal cord, spongy substance of pot*-
.......... membranes of 373 nor horn of 323
......... influence of anaemia on ner- .......... Stilling'* nucleus of 326

vous elements of 330 .......... subsUntia gelatiuoaa c*n-
.......... influence of disorders of cir- tralis of 324

culation on nervous ele- .......... suppuration of 344
ments of 331 .......... syphilis of 370

.......... influence of disuse on ner- .................... inflammation of
vous elements of 330 dura mater of 380

.......... influence of marasmus on .......... systemic affections of 357
nervous elements of 330 .......... telangiectatic glinma of 372

. . . .*...... influence of poisonous sub- .......... traumatic injuries of 331
stances on nervous ele- .......... tuberculosis of 370
ments of 331 ........................ dura mater of

.......... influence of rapid variations .'180

of atmospheric pressure .......... tumours of 370, 372
on nervous elements of .......... white matter of 323, 325
331 ............... softening of 334, 386

.......... insular sclerosis of 353 .......... yellow softening of 330

.......... interior cells of 326 spinal meninges, alveolar endothelioma

.......... lateral column of 323 of 378

................. ground bundle of ............... angioma of 378

327 ............... carcinoma of 379

................. horns of 323 ............... cavernous angiouia of

................. limiting tract of 227 377

.......... leprosy of 371 ............. - . fibroma of 377

.......... lipomata dura mater 380 ............. . hyaline degeneration in

.......... malformation of 323, 328 tumours of 378

.......... membranes of 373 ............... lipoma of 377

.......... morphology of 323 ............... sarcoma of 378. 379

.......... multiple sclerosis of 353 ............... secondary tumours of

.......... myxoma of dura mater 380 379

.......... neuroglia of 324 spinal nerves, anterior roots of 323

.......... neuronic affections of 357 ............. defects of roott of 328

.......... pia mater of 373 ............. neuritis of root* of 3

.......... pigment-granule cells in 336 ............ posterior ntots of 323

.......... posterior column of 323, 327 spine, kyphotic curvature of 222

................... horns of 323 ..... lordotic 222

...... postero-external column of ..... scoliotic 222

327 splenic abscess, rupture of 112

. . internal column of spleen, absence of 104

327 ...... actinomycosis of 115

. primary lateral sclerosis of ...... acute enlargement of 108

308 ...... adhesions of 1 1 1

. tumours of dura ...... amyloid degeneration of 106

mater of 380 .............. hyaline masse* in 105

. processus reticularis of 323 ...... anaemia of 107

progressive atrophy of the ...... anaemic infarction of 10, . 11

anterior horns of"358 ...... and the lymph-gland*. btcL in

.. . . . pyramidal tracts of 320

. red softening of 334, 336 ...... angioma of 1

. reparative proliferation of ...... animal iwrns.tes of 1

338 ...... atrophy of 105, 1 1 1

. restoration of foci of degen- ...... bacon 105

eration of 338 ...... carcinoma of 1

.. .

sclerosis of 338 ...... cyanotic induration of 107

. the posterior col....... cysticercus of 1 16

uniM of 358 ...... cysto of 1 W
septula medullaria of 383 ...... echm^.xrrus

6

,. simple atrophy of 334 ...... embolic infarction of 1
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spleen, engorgement of 106 spondylitis deformans 273

enlargement of, with induration spondylolisthesis 229
111 cause of 229

in cirrhosis of sporozoa, parasitic 547
the liver 114 sprain 251

foreign matters in 104 squamae 506
functions of 104 staphylococcus pyogenes aureus 171

gummata in 115 steatoma 572

hyaline degeneration of 106 steatorrhoea 570

hyperaemia of, in infective dis- stigmata 494
eases 109 Stilling's nucleus 826

hyperplasia of 112 streptococcus pyogenes 524

karyokinetic figures in cells of strongylus armatus as a cause of aneu-
110 rysm 88

in diphtheria 110 struma of the pituitary body 464
inflammation of, in infective dis- stumps, atrophy of bone in 145

eases 109 subarachnoid space of the brain, oedema
results of 110 of 442

in pyaemia 109 subthalamic nucleus 385

relapsing fever 110 sudamina 511
...... leprosy of 115 sulcus interventricularis 21

leukaemic hvperplasia of 112 sun-spots 495, 560

lymphangioma of 116 sweat, bloody 493

malpighian follicles of 104 glands, adenoma of 568
metastatic growths in 116 sycosis framboesiformis 530
morbid changes in 103 parasitic 525

morphology of 103 simplex 525
necrosis of 109 sympathetic ganglia, inflammation of 475

passive hyperaemia of 106 nerve-fibres, inflammation

pentastoma of 116 of 475

plasmodium malariae in 110 synarthrosis 245

primary neoplasms of 116 degenerations of 245

pseudo-leukaemic hyperplasia of repair of ruptured 251
112 synchondrosis, false 245

pulsating cavernous angioma of inflammations of 262
116 softening of 247

relation to blood metabolism 103 true 245

sago 105 syndesmosis 206, 245
sarcoma of 116 inflammations of 262

spodogenous enlargement of 109 ossification of 249

spontaneous rupture of 106 pathological 166

supernumerary 104 synostosis 165, 245

suppuration of 112 premature 205

syphilis of 115 results of premature, of sacro-

traumatic rupture of 106 iliac synchondrosis 205
tuberculosis of 115 synovia 245

typhoid fever 110 synovial membrane 245

weight of, in hyperplasia 114 hernial protrusions
syphilitic infarcts of 264

116 synovitis 260

spleen-pulp, haemosiderin in 104, 111 catarrhal 262
method of communication chronic serous 264, 278

of arteries and veins in hyperplastica granulosa 188
103 pannous hyperplastic 264

morphology of 103 purulent 261, 278

splenic abscess 112 secondary granular 262

peritonitis in 112 serous 261 , 285

tumour, spodogenous 104 sero-fibrinous 261

veins, thrombosis of 107 smooth 264

spleniculus 104 syphilide, papular 536

splenitis 108 : pustular 538

spodogenous splenic tumour 104 syphilides 536
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syphilis 686

arthropathies in tertiary 286
cutaneous eruptions of 536

... hyperostosis in 195
initial sclerosis of 535
lenticular 636

miliary 536

osteoporosis 195
of muscle 309

the brain 432, 451
dura mater of the brain

461
dura mater of the spinal

cord 380

lymph-glands 128

peripheral nerves 474

spinal meninges 375

spleen 115
small papular 536
vesicular 537
virus of 73, 346

syphilitic gumma of the heart 65
induration 535

phlebitis 92
roseola 536

syringomyelia 349, 350

significance of the lesions
of 352

symptoms of 351

tabes dorsal is 357, 358

aetiology of 360
ataxia in 359

changes in 358
'

fat-granule cells in 359

gastric crises in 359

sensory phenomena in 359

symptoms of 369
.... spasmodic 365
taenia solium 458

talipes calcaneus 228

tarsus, tuberculosis of 190

tattooing 496

legmen tympani, perforation of 147

telae chornideae 442

temporal lobe of the cerebrum 381

tendinitis 314

proliferous gouty 316

tendons, morphology of 314

. . ^. . . . repair of 316

tendon-sheaths, arborescent lipomaof 316

morphology of 314
rice bodies in 316
rheumatic nodules of 316

teno-synovitis 314

tendo-vaginal hydrops 316

vaginitis :>14

acute dry 314

purulent 314
tuberculous 315

teratoma of the pituitary body 464

Thomson's disease 304

refer to the page*)

thorax, causes of deformity of 224
funnel-shaped 222

thrombo-arteritis 74

plastic 74

proliferous 74

purulent 74

phlebitis '.'1. 96

Hiippurative 92, 96
thrombosis within the heart 61

thyroid cachexia 203
tinea capillitii 545

favosa 542
.... sebacea 570

sycosis 545
tonsurans 544

.... versicolor 545

.... vesiculosus 545

tophi in gouty arthritis 280
tract cells of spinal cord 324

transpositio cordis 24
trichina of muscle 312

the pericardium 64

tricophyton tonsurans 513, 544, 646
trichorhexis nodosa 674
truncus arteriosus 21, 22
tuber cinereum 385
tubercle of the heart 66
tubercles 503

tuberculosis, articular 282
of bone 183

the brain 432
bursae319
dura mater of the

brain, 461
dura mater of the

spinal cord 380

meninges of the
brain 432, 449

muscle 806

pericardium 63

periosteum 186

peripheral nerve 474

pituitary body 464
skin 632

spinal cord 370

meninges 374

spleen 116

tuberculous abscess, cold 284

empyema of a joint 881

lymphadenitis 125

meningo-encephalitis 449

periphlebitis 92

phlebitis 92

tutneur A myeloplaxes 240
tumour albus 188, 284

tylonia 648

typhoid bacillus 444

fever, spleen in 110

ulcer of the skin 628

perforating, of the foot 627

rodent 667, 668
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ulcer, tropical 528
varicose 94, 529
venereal 529

ulcus induratura 530
molle 529

serpiginosum 538

urticaria 510

papulosa 510

pigmentosa 510
tuberosa 509

vesiculosa 510

vaccinia 518
vacuolar degeneration of muscle 297

vacuolation of cells of the skin 504

valves, fenestration of 38

insufficiency of 40

perforation of 38

rupture of 38

. . : . . . stenosis of 40
valvular segments, malformations of

19

tissue, atheromatous degenera-
tion of 31

sclerosis of 31

varicella 519
varices 93

rupture of 94
situation of 94

varicocele 94
varicose aneurysm, true 87

spurious 89
ulcer 94

variola 517

haemorrhagica 493, 517

syphilitica 538
vasa vasorum 69, 71, 72, 73, 75

in atheroma 69, 71, 72

vascular mechanism, Sect, n 15

system, asymmetrical arrange-
ment of 22

vaso-motor nerve-centre 386

vegetation, endocarditic 38, 39

veins, calcifications of 91

fatty degeneration of intima and
media of 1)1

fibroid thickening of intima of 91

morbid changes in 91

subcutaneous rupture of 94
vitelline 20
wounds of 92

venae Galeni, thrombosis of 430

omphalo-mesentericae 20

venous orifices, stenosis and atresia of 19
ventricles of the brain, carcinoma of 456

fibrino- purulent
exudations
into 445

purulent exuda-
tions into 445

dropsy of 406
ventricular dropsy 397

septum, defects of 19
vernix caseosa 670
verruca carnea 560

dura 560
mollis 560

vertebrae, abscess in tuberculous dis-

ease of 191

pressure of aneurysms of

aorta upon 147
tuberculosis of 190

vesicles 503, 505

vessel-walls, necrosis of 67
vibices 493
visual centre 385

vitiligo 496, 497

aetiology of 497
distribution of 498

endemic, confounded with lep-

rosy 498

vitiligoidea 561
vocal articulation centre 386

warts, cadaveric 534

icthyotic 557
sebaceous 547
soft 557
venereal 550

waxy degeneration of muscle 298, 300
wens 499, 572
wheals 503
white swelling 188, 284
whitlow 176, 524

xanthelasma 495, 561

multiplex 561

planum 495, 561
tuberosum 495, 561

xanthoma 495, 561

xerodermia 570

pigmentosum 561

yaws 530

zona 512
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quite abreast with the latest wave of progress of physiological science. A chief merit of this work is

its judicial temper, a strict sifting of fact from fiction, the discouragement of conclusions based on

inadequate data, and small liking shown toward fanciful though fascinating hypotheses, and the
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"
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Edinburgh Medical Journal.

" From its first issue as a single octavo volume of moderate size, in 1876, it has so grown that
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physiology. ... If one seeks for the reason of the high estimate in which this work is held on both
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