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THE VARIETIES OF ANKYLOSIS BY BONE IN
DIFFERENT PARTS OF THE SKELETON.

By Josepn Grirritas, M.A. (Cantab.), M.D. (Edin.), F.R.C.S. (Eng)),
Assistant to the late Professor of Surgery in the University of Cam-
bridge ; Surgeon to Addenbrooke's Hospital, and additional Examiner
i Surgery in the University of Cambridge.

(Prates XXIX. axp XXX))

BEFORE giving an account of my researches into the subject of bony
ankylosis in different parts of the skeleton, I propose to give a brief
historical review of our knowledge up to the present time.

We find that Hippocrates (*) makes special reference to fixation
of the elbow-joint after dislocations, and that he gives directions how
to place the arm in the best position after the reduction of such an
injury. He makes no mention of ankylosis following upon destructive
disease of joints. Hence it is that the ankylosis, following upon
fractures and fracture dislocations of joints, which is of such frequent
occeurrence, has been called the Ankylosis of the Greeks.

Galen (%) follows in the line of Hippocrates, and makes, so far as
we can gather, no advance in the subject.

During the period that intervenes between the time of Galen
and the revival of the study of anatomy no advance whatever was
made in the knowledge of ankylosis nor, indeed, of any other scientific
subjeet in connection with medicine.

Ambroise Paré¢ (*) says hardly anything more than Hippocrates
about the subject. :

At the beginning of the eighteenth century, however, some years
after the revival of the study of anatomy by dissection, and of physiology
by experiment, we find that an interest was awakened in the subject of
ankylosis, as indeed in the study of the nature of all diseases,

Bernard Connor (*) published in the Philosophical Transaetions, in
1700, an account, accompanied by a sketch, of ankylosis of the bones of
the trunk which he saw while travelling in France. This specimen is
interesting, as it is, so far as I have been able to discover, the first of
its kind ever noted and described, and doubtless it is- illustrative of
the ankylosis in elderly people and an extremely good one of its kind.
Soon after this he published at Oxford a treatise entitled “ De stupendo
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Ossium Coalitu,” based upon the same specimen that he had previously
deseribed in the Philosophical Transactions.

Soon after this a series of theses upon this subject appeared on the
Continent.

In 1707 Miiller (°) published a thesis entitled “ Diss. de Anecylosi,”
Leyden. In 1743 Biichner’s (°) thesis, “ Diss. de Ancylosi,” Erford,
appeared.

From Heister’s (7) Surgery, published in 1768, it may be gathered
that even at this time much progress had not been made. He, however,
refers, not only to the ankylosis after the fractures and dislocations (of
the Greeks), but also to stiffness following upon complete and long rest
and disease of the joints, which he says may be cured by suitable means.

After this, other theses appeared: one in 1774 by Paul (%), “ Diss.
de Ancylosi,” Strasburg; another in 1783 by Van de Wympresse (),
“ Diss. de Ancylosi Singulari”; and still another soon after in 1797 by
Murray (*), “ Diss. de Ancylosi,” Upsala.

In 1783 Ed Sandifort (**) published his * Exercitationes
Academics,” and in these he gives an account, which is well illus-
trated by figures, of ankylosis of the atlas to the occipital, of the cervical
vertebrae to one another and to the skull, and of the temporo-maxillary
joint on one side. He makes reference to Columbus as having previ-
ously described examples of ankylosis of the atlas to the oceiput.

From this period until well into the nineteenth century nothing
of note was published on ankylosis. - In 1833, in the “ Dict. des méd.,”
2nd edition, Paris, there appeared an article by Cloquet (') upon
ankylosis. This is the first comprehensive account of the subject.
This author not only refers to ankylosis, as it is seen in the joints of
the limbs, but also as it is met with in the vertebral column in elderly
persons, Cruveilhier (**) follows Cloquet, and adds but little.

In our own country, in the year 1833, Mr. Wickham (™), Win-
chester, a pupil of Sir Astley Cooper, published a work entitled
“ Practical Treatise on the Joints,” in which there is a good account
of ankylosis in its different clinical forms. Soon after, in 1843, Dr.
Little (**), of the London Hospital, published a pamphlet on ankylosis
or stiff joint, in which is given a fuller and better account of the
different varieties of ankylosis as met with in the joints of the
appendicular skeleton ; in addition, he points out the manner in which
such joints may be severally dealt with in practice. Since this time
attention has been mainly centred upon the treatment of ankylosis
in the appendicular skeleton, and this has been considerably advanced
in France, in America, in Germany, and in this country. To this part
of the subject I do not propbse to refer.

Such is, briefly, the account of the history of the advance in our
knowledge of ankylosis from the earliest times up to the present.

Ankylosis in one form or another, especially that in the limbs
after accident, has, therefore, heen known since the earliest days of
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surgery, and the name doubtless was first applied to indicate a bent
or crooked joint. Hence it is probable that the word ankylosis is
derived from “ayxdhos,” signifying erocked or bent, rather than from
“aykvhy,” a thong for binding things together, a name that would
probably only be suggested when the nature of the uniting medium
became known,

The term ankylosis is at the present time, however, applied to
any joint that is fixed. If the cause of the fixation be in the tissue
around, or in the external ligaments of the joint, it is said to be fulse
ankylosis; if due to the union of the articular ends of the bones,
whether by fibrous or bony tissue, it is said to be true ankylosis.

The forms of frue ankylosis are subdivided according to the nature
of the uniting medium into (1) fibrous and (2) esseous. These different
forms of ankylosis are frequently met with, and the above classification
serves well for clinical purposes.

Howard Marsh (%), in a recent paper on some rarve forms of bony
ankylosis, bas made the suggestion that the osseous forms should be sub-
divided into two classes—(1) the reparative and (2) the degenerative. The
difficulty in adopting such a subdivision of osseous ankylosis, it seems to
me, is that there would arise an ambiguity in the use of the term degenera-
tive, which may be applied equally well to a function as to a process.

In this paper it is my intention to study the processes by means
of which bony ankylosis of joints takes place, and the conditions under
which it occurs. Accordingly, ankylosis will be considered as it is met
with (1) under natural conditions in vertebrates, and (2) under morbid
conditions in man.

We shall find, for example, that in different groups of animals,
vertebrae, which are in other groups free and movable, are fixed and
immovable throughout life. In some of these groups of animals we
may see and study the processes by means of which these separate
bones become fused together, and to some extent see the conditions
under which such ankylosis oceurs; and such a study may and indeed
does, help in the elucidation of the conditions, often obscure enough,
under which morbid ankylosis takes place in man. These processes
of ankylosis, whether under natural or morbid conditions, are well
illustrated both in the axial and in the appendicular parts of the
skeleton ; and though each part is affected in precisely the same way,
yet it will be convenient to consider the axial skeleton first and the
appendicular last. In each part I propose to study the ankylosis that
oceurs in it under the following headings, which form the clasgification
I shall adopt throughout the paper:—

BONY ANKYLOSIS.
1. NATURAL AXKYLOSISE,
I1. MoRpiD ANEYLOSIS,
1. Congenital or pre-natal.
2. Post-natal.
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THE AXIAL SKELETON.

There is perhaps no part of the skeleton that is so frequently the
seat of bony ankylosis and that illustrates so well the different varieties
of this condition as the spinal column. In this column the different
bones are held together in diverse ways. The bodies of the vertebra
are united by means of an intervening disc of fibro-cartilage, and the
neural arches are connected by means of (1) synovial joints between
the articular processes; (2) by a strong yellow elastic ligament—the
ligamentum subflavum—extending between the adjacent borders of the
laminae ; and (3) by fibrous ligaments extending between the tips of
adjacent spines. Besides, the atlas and axis are united by synovial
joints, as are the lateral masses of the atlas and the occipital
condyles. In the cranium, moreover, the separate bones are con-
nected either by a layer of dense white fibrous tissue, as between
the flat bones of the vault, or by a thick layer of hyaline carti-
lages, as between the three elements—basi-occipital, post- and pre-
sphenoids—in the basis cranii. We have therefore in the vertebral
column and its continuation, the skull, several kinds of joints, each
of which under certain circumstances is liable to become osseously
ankylosed.

Bony ankylosis of the vertebr occurs, however, as a normal
process in certain parts of the column in man and in many animals
in the vertebrate series. For example, in man, the sacral vertebrae
unite or fuse together soon after puberty in their bodies, lateral parts,
and laming ; in the coceyx most of the separate elements unite into
one mass or column of bone at and after the middle period of life:
and the separate elements, each of which probably represents several
fused bodies of vertebri, in the base of the skull, also unite with one
another, the pre- with the post-sphenocid early in life, and the post-
sphenoid with the basi-oceipital at or after puberty. :

In some animals this same tendency to ankylosis of the vertebrae
18 still more marked, for in the porpoise (Phocene communis) the
cervical vertebrie (1-6) are fused in their bodies, lamine, and spines ;
and in the right whales and other animals, which will be mentioned
later, a similar fusion of cervical vertebrse may be seen. In the
armadillos the sacrum consists of eight or more fused vertebre, the
hinder ones being rigidly held together by ossification of the great
sacro-sciatic ligaments on either side.

The following classification already given in outline will be herein
adopted :—

I. NORMAL.

(@) In the basis cranii.

{(#) In the cervical region.

{e) In the dorsal and lnmbar regions.
(d) In the sacral regions.

19—JI’- OF FATH.—¥0OL. 1V,
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II. PATHOLOGICAL OR MORBID.

1. CoxaExiTAL ok PRE-NaTAL

() In basis cramii.

(%) In cervical vertebre.

(¢] In dorsal vertebrs, ete,

() In the sacral and coccygeal regions,
2, PosT-NATAL,

() In the vertebral column.

(b} After injury.

{¢} Im tubercular and other allied diseases,
(«f) In lateral curvature.

[. NorMAL ANKYLOSIS BY DBoXE.
() In the Basis Clranii.

If we leave out of consideration the ethmoid in the base of the
skull there is left that portion, which is at least three-fourths of the
whole, comprising the basi-oceipital, post- and pre-sphenoids. In the
embryo this portion of the skull is represented in the first place by a
solid rod of hyaline ecartilage which results from fusion of the frabecule
erantt, and in which three separate centres of ossification make their
appearance ; one in the hinder part to form the permanent basi-oceipital ;
a second in the front portion to form the pre-sphenoid of many animals
and the anterior half of the body of the sphenocid in man ; and a third
in the middle to form the post-sphenoid or hinder half of the body of
the human sphenoid bone. Thus there arise three centres or nuclei
of ossification in the primitive cartilage, forming what is known as the
basis cranii; and these three nueclei may be seen constituting three
separate bones in a child at birth. Socon, however, the anterior and
middle nuclei join together to form a single bone, the body of the
sphenoid, ossification extending through the line or plate of cartilage
from one nucleus to the other. This fusion does not take place early
in other vertebrates, unless it be in the chimpanzee, in which animal
the skull more nearly than that of any other animal approaches that
of man, or, in other words, in which the relation between the extreme
antero-posterior and the vertical measurement of the cranial cavity
more nearly corresponds to that of man.

For example, in a specimen of the skull of a horse! which was
judged to be several years of age, the post- and pre-sphenoid bones are
only united for a very short distance above and below, but not in’ the
middle, and the basi-oceipital is not at all united to the post-sphenoid.
It is the same in dogs; all these bones remaining separated until the
animal begins to get old, when the synchondroses tend to become
obliterated and the different bones in part unite. Furthermore, in

1 The comparative anatomy specimens referred to in this paper are all in the Museum
of Zoology in Cambridge University.
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the macacus ape, judged to be at least seven years of age, the post-
and pre-sphenoid elements are only united at their upper and lower
margins. A similar condition of these bones may be seen in the
skull of Cynocephalus babowin; but in the chimpanzee (T'roglodytes
niger), the post- and pre-sphenoids are firmly and well fused together,
though the synchondrosis between the basi-oceipital and the post-
sphenoid remains cartilaginous and unossified.

In by far the greater number of vertebrates the cranial cavity
extends divectly forward, and the face is also carried directly or
almost directly forward. In man, however, the cranial base is fore-
shortened, and the face is almost entirely under cover of the skull.
This foreshortening of the base of the skull is brought about by the
early fusion of the two most anterior osseous nuclei in the cartil-
aginous base, the fusion taking place at or scon after birth in the
human subject, and it may be so in the chimpanzee, but not until a
much later period, if at all, in other and lower vertebrates.

(B) In the Cervieal Region.

Though the cervieal vertebrze in man are normally free, yet in a
few of the lower animals they are naturally more or less ankylosed
with one another. For example, in the right whales fusion of the
cervical vertebrae is almost a characteristic feature. In one specimen,
Giloliiceps melas, the first, second, third, and fourth, cervieal vertebra are
fused by their bodies, by their laming, and by their stunted spines; in
addition, the laminz of the fifth cervical vertebrwe are ankylosed to those
of the fourth, though the bodies are quite free. Where the bodies and
lamine are fused, the external surfaces of
the bodies are very uneven, and slightly
spiculated from the formation of new
periosteal bone. In another specimen
(Balena  mysticetus), which has been
mesially divided, the bodies of first, second,
third, fourth, and fifth vertebrse are com- F'o: 1.—Mesial SR

section of cervical vertebre of
pletely fused; the arch of the first or atlas e common porpoise.
is free, but the arches of the second, third,
fourth, fifth, sixth, and seventh are quite ankylosed. There is partial
fusion between the bodies of the fifth and sixth, especially at the peri-
phery, the joint cavity being still traceable near the middle; the body
of the sixth and seventh are, on the contrary, fused in the middle
only, the peripheral part of the joint cavity being still free. On the
fore-parts of the bodies of these vertebra: there is some new formation
of periosteal bone. 1In a specimen of porpoise (Phocena communis), the
first six cervical vertebre are fused in their bodies, laminz, and spines,
and there is much spiculated new periosteal bone on the anterior
surfaces of the bodies of these ankylosed vertebre (see Fig. 1).
In the armadillos the ankylosis of the cervical vertebre is not
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nearly so extensive,-it being limited to two or three vertebre. In
one specimen (Dasypus peba), the second, third, and fourth cervical
vertebr are fused by their lamine and spines, the arch of the first,
or atlas vertebra remaining quite free. The bodies of these vertebra:
remain distinct. In another specimen (Priodontes gigas), the second
and third cervical vertebrw arve fused by their bodies, lamine, and
spines, the remaining cervical vertebra: being free. Besides, there is
among the Rodents a single species in which this ankylosis occurs,
It is in the Jerboa. In the Dipas agyptus, the second, third, fourth,
fifth, and sixth cervical vertebrw: are fused together by their bodies,
lamin, and spines, the first, or atlas vertebra remaining free and
distinet.

In these instances the ankylosis takes place, not only between the
bodies of the individual wvertebrs, but also between the artieular
processes, laminw, and the spines where present; the fusion of vertebra
to vertebra being more or less complete.

We may suppose that in the cervical region in the right whales
and common porpoises the ankylosis takes place in one of three ways,
until definite information is obtained. (1) By a process resembling
that which takes place to form each element in the basis eranii,
each segment being now generally regarded by morphologists as
made up of several centra early fused together; (2) by a process
identical with that which will be immediately described in the sacrum
of the common fowl, where the centra are merely separated by a thin
layer of hyaline cartilage ; and (3)a process similar to that which often
takes place between the vertebra in elderly people, or to that found
in the disease to be afterwards described under the name of Arthritis
ossificans.  Doubtless the manner in which this natural form of
ankylosis takes place could be observed in the common porpoise, of
which specimens of different ages may, I presume, be obtained without
much difficulty.

(¢) In the Dorsal Region.

Just as in one group or in part of a group of vertebrates, the
cervical vertebrie are more or less completely fused or ankylosed with
one another, so in another group the dorsal and lumbar vertebra are
either partially or completely fused with one another. This is the
case in the Chelonia, in which class of animals the dorsal and the
lumbar vertebre are intimately connected by their neural arches with
the under surface of the superjacent carapace. In consequence of this
fusion of the neural arches with the carapace, the vertebra: become
fixed, and no movement between them is possible. But although the
neural arches arve thus fixed with the carapace, and the dorsal and
lumbar spine is rigid, yet the bodies (centra) remain separate from
one another for a considerable time. Ultimately, however, they also
may become fused with one another by the growth of bone from the
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margin of one body to that of another, and this growth may encroach
upon the intervertebral dise. This takes place quite early in some
species, but, go far as I have been able to discover by an examination
of a few collections, this would seem to be the exception rather than
the rule. In a specimen of Testudo elephantopus fusion of the bodies of
the vertebre of the dorso-lumbar spine is quite complete.

(d) In the Sacral Region.

The number of vertebrse that fuse together to form the sacrum
varies muech in different groups of animals. In reptiles the pelvie
girdle may only articulate with one, lmt more commonly with two,
vertebrae,  In birds and in wammals the sacrum consists of several
vertebrze fused together. In the former the fusion is so complete
that in the adult common fowl there is no trace of separate vertebra,
but simply a solid continuous column of eancellons hone which repre-
sents many (17) vertebree ; whereas in mammals the vertebre which
form the sacrum, though fused in their neural arches, are in most
instances only incompletely fused in their bodies. In man the sacrum
consists of five vertebree, of which three only articulate with the
ilinm.  In the ant-eaters (armadillos) the sacrum consists of eight or
more vertebra, the anterior ones being ankylosed to the ilium and the
hinder ones to the ossified great sciatic ligaments, In order to inves-
tigate the processes by means of which ankylosis takes place between
the several divisions of the sacrum, I will describe in detail the changes
I have observed (1) in the sacrum of the bird (common fowl);
(2) in that of the human subject ; and (3) in that of the pig.

The sacrum in the common fowl—In the sacrum of the common
fowl the process of ankylosis differs from that seen in the sacrum of
man in several respects, as will be immediately shown.

In the full-grown eommon fowl the sacrum is one single piece of
bone, showing no signs, either externally or in mesial longitudinal
sections, of being formed by the fusion of
many segments or vertebre.  And except
that small holes exist for the exit of each
pair of nerves, the portion that corresponds
to the bodies of the vertebre is a rod of
bone with an external thin layer of dense ;
bone and an interior that iz mainly com- Fie. 2.—Mesial antero . posterior
posed of large cancellous spaces. If, how-  section of first three vertebre

" of sacrm of common fowl, 7-8
ever, a chicken, say 7 to 8 weeks old, be .ol body of vertebrs :
examined, the same bone is found to be & plate of hyaline eartilage
made up of several segments (17) of can-  between bodies. (Nat. size.)
cellous bone united to one another by thin layers of hyaline cartilage
(see Fig. 2).

In none of these cartilaginous septa are there any signs of the
fibro-eartilaginous substance (disc) or of the soft pulp which frequently
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(remains of notochord) occupies the middle of the intervertebral disc
in other animals. The intervening cartilage is not transformed into
fibro-cartilage, nor does it become split to form a joint cavity; and
the ossification in the nuclei for the bodies gradually extends into it,
backwards from the nuclens in front and forwards from the nuclens
behind until the intervening plate of hyaline cartilage is quite
absorbed and replaced by bone. This extension of the formation of
bone into the intervening layer of cartilage takes place slowly, and in
consequence the stages in the process cannot be well observed.

Though the process of ossification is slow, yet it is precisely the
same in nature, only on a much smaller scale, as that which takes
place in the epiphyseal cartilage of a long bone. In short, the
growth is of a stunted character. This condition, it will be remem-
bered, closely corresponds, if it is not identical, with that which
takes place in the basis cranii, where there is first formed a bar of
cartilage by the fusion of two rods (trabeculie cranii) lying side by
side, in which three separate nuclei of ossification arise, the interven-
ing substance remaining in the condition of hyaline cartilage until it
15 completely replaced by bone and the bony juncture between the
separate elements is established. Although the sacrum of a young
fowl appears as if it had been laid down from the beginning in the
form of a rod of cartilage in which several centres of ossification had
arisen, yet it 18 pretty certain that this part of the column undergoes
in early embryonic life changes similar to those that oceur, say, in the
cervical region.  With this difference, however, the natural differentia-
tion is permanent in the cervical region and transitory in the sacral.

The soerum in man—In man, on the contrary, the sacrum is, up
to puberty, not only divided into its proper number of segments, but
the segments corresponding to the centra, which are in the young
composed of hyaline cartilage containing bony nuclei, are separated
from one another by a dise of fibro-cartilage similar in every respect
to that which forms between each of the dorsal and of other un-anky-
losed, or free vertebrie. Thus the sacrum, though its several elements
are ankylosed by bone in the adult, is developed in exactly the same
manner as the other and un-ankylosed vertebrae. Up to the time of
puberty the centra of the sacrum remain distinct from one another,
being separated by thick, well developed intervertebral discs. After
puberty, however, fusion of the different sacral centra begins to take
place. It begins first in the dises between the lower segments and
gradually extends upwards, the first and second centra being the last
to unite. The process is very slow, and in consequence it takes years
before these parts (centra) of the sacrum are firmly united to one
another by bone, or ankylosed. In the majority of instances the
margins of the articular surfaces grow towards and fuse with one
another, replacing the outermost part of the intervertebral disc. This
process extends centrally at the expense of the fibro-cartilaginous dise,
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until it replaces the disc completely, and unites the two bodies in
such a manner that no trace of the position of the intervertebral disc
is left behind (see Fig. 3). In addition, bone may sometimes begiu
to grow from the articular surfaces of one or other or of both bodies,
and gradually invade the dise, and in time extend through meeting
and coalescing with a similar growth of bone from the surface of the
opposed centrum. In one specimen I have before me, these two
modes of ankylosis are well seen,

Fie. 3.—Mesial antero-poste- Fig. 4.—Mesial antero-pos-

rior section of part of human tevior section of part of
sacrum (adult). e, body of sacrum of a young pig.
vertebroe ; 6, intervertebral 2, body of vertebra; b,
dise. (Nat. size.) intervertebral dise; e,

epiphysis ; d, adjacent
epiphysis fused.

The sacrum of the pig.—The mode in which the separate elements
of the sacrum in the pig become united would seem to be inter-
mediate between that which occurs in man and that which is found
in the common fowl. If the sacrum of a pig that is not fully grown
be examined, it will be seen that the intervertebral discs are absent,
and are replaced by a plate of bone, which is formed not by the
conversion of the disc itself into bone, as would appear at first
sight, but by the fusion of two adjacent epiphyseal plates of bone
across the dise, the two epiphyses uniting to form a single bone
which later becomes fused both with the body in front and with
that behind. Lastly, the cartilaginous plates which separate the
epiphyses from the centra of the vertebra disappear, and then the
sacrum, which consists of four vertebral segments, forms a single
piece of bone (see Fig. 4). In a newly-born pig the bodies of
the vertebr® of the sacrum are united by well-formed intervertebral
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dises, as, for instance, in the human subject at birth; but after
the appearance of the epiphyseal nuclei of ossification, the process
of bone-formation soon extends through this disc, and the fusion
of two adjacent epiphyses takes place. 1In order to illustrate the
process of ossification that takes place, I will describe a specimen
taken from a young pig. Between the two layers of epiphyseal
cartilages of neighbouring bodies there is a thin plate of bone, par-
tially separated into two equal halves by a thin layer of fibro-cartilage,
the representative of the intervertebral dise. FEach plate of bone,
which is cancellous in structure, is thus bordered on one side by the
epiphyseal plate of cartilage, and on the other by the intervertebral
disc. This intervertebral disc is composed at the periphery of fibro-
cartilage, with bundles of fibres running in different directions, but
the middle or central portion consists of hyaline cartilage, the matrix
of which is in places infiltrated with granules of calcareous salts; in
this respect it differs from the central portion of the intervertebral disc
in man, which, as is well known, is composed of soft pulp. The bone
next to the disc is composed of a thin layer of dense, compact tissue,
with thick trabeculie and few small spaces which are filled with blood
vessels and numerous connective tissue cells; whereas at a little
distance the bone trabecul® are thin, the spaces large and chiefly
occupied with fat cells. As has been said above, the disc becomes
converted into bone before the cessation of growth of the vertebre,
and also before the disappearance of the epiphyseal line of cartilage.
Near the periphery where the dise is represented by fibro-cartilage,
the cells in its matrix are large and granular, but they never accumu-
late in one space, and the matrix loses its fibrillar character, becoming
either homogeneous or granular. Into this altered matrix a small
bud-like process consisting of a blood vessel with accompanying
connective tissue cells from the subjacent bone projects; several
such projections may be seen. How the tissue of the disc becomes
removed so as to give place to the growing bud from the bone
cannot be made out; but we can infer, from analogy to similar
processes in other parts of the body, that the absorption of the
altered substance of the disc takes place in virtue of the activity
of the cells in the invading bud. Near the centre of the dise,
where it is composed of hyaline cartilage, the cartilage cells show
some tendency to accumulate in small groups, but there is no distinet
arrangement of them into long spaces as is seen in a growing long
hone at the epiphyseal plate. Here as in the peripheral parts many
hud-like processes project from the adjacent bone into the dise. By
this means doubtless the dise, in part fibro-cartilaginous and in part
hyaline, becomes gradually and early replaced by bone.

REMARKS.—We have already seen that in different parts of the
axial skeleton bony ankylosis takes place naturally; and especially is
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this the case in different parts or divisions of the spinal column. In
the basis cranii the time at which fusion of the separate elements
takes place seems to depend in the main unpon the form and size of
the eranial cavity, and upon the relation of the face to the skull. For
in those animals in which the brain case is not large, is much greater in
length than in depth, and in which the face is a prolongation forward
of the skull, there seems but little tendency to fusion of the three
separate elements of the base. But as the brain becomes more
highly developed and greater in bulk, and the face tends to become
more and more under cover of the skull proper, we find that the pre-
and post-sphenoid elements show a tendency to fuse with one another
and in man, in whom the length of the base of the skull bears the least
proportion to the depth of its cavity, these two elements unite soon
after birth, and their union with the basi-occipital takes place at or
goon after the period of puberty. We shall see in what immediately
follows that this fusion may and does not unfrequently occur before
birth, and when it does so there is associated with it defective develop-
ment of the brain resulting in idioey.

In the cervical vertebrie fusion would seem to occur when the
neck is practically obliterated,as in the right whales and porpoises, the
contraction of the neck doing away with movement, and leading to
compression of several cervical vertebre. In these animals it will he
noted that the atlas retains its articulations with the skull, and that
there is, therefore, free movement in a vertical plane between the
skull and the spinal column. There is, however, one point of interest
in connection with these and that is, How do they ankylose? This
must at present remain unanswered. In the ant-eaters it is common
to find the second and third, and it may be the fourth cervieal
vertebree ankylosed by bone to one another. In these animals it will
be noticed that the spine of the second vertebra is uncommonly large,
and forms an expanded flat piece of bone. The enlargement of this
spine is, I presume, for the attachment of a powerful neck musele :
and I would venture to think, thongh without any direct evidence,
that the fusion of one or more vertebra to it, namely, those next behind it,
is for the purpose of affording additional area, or surface, and greater
strength for the attachment of the powerful neck muscles,

Accordingly, in the neck, it is reasomable to suppose that the
natural fusion of the vertebrae takes place in consequence of (1) com-
‘pression and immobility, and (2) to afford additional strength for
powerful neck muscles,

In both dorsal and sacral regions ankylosis is doubtless determined
primarily by the fixation of the vertebrse. In the tortoise the
vertebre in their neural arches, and to a less extent in their bodies,
become joined to one another because they are rigid and immovable,
being held in their position by firm attachment to the carapace.

In the sacral region the vertebree are rigid and immovable from
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their fusion with the ossa innominata, and from the staying influence
of the sacro-sciatic ligaments, be they composed of fibrous tissue as in
man or of bone as in the ant-eaters and sloths. Here, clearly, fixation
determines the development of ankylosis between the several segments
of the sacrum.  The manner in which this ankylosis is bronght about
has alveady been fully given.

From this we may conclude by saying that (1) in case of com-
pression the vertebre arve liable to become fused or ankylosed together ;
(2) when there is necessity for additional strength without movement
the vertebra tend to unite; (3) where the vertebra are kept fixed,
rigid, and immovable, they tend to unite early or late with one another
by bone so as to constitute one single piece,

I1. Parnorocical ok MorBID ANKYLOSIS.

1. CoxgeExITAL OR PrRE-NATAL ANEYLOSIS,

Pre-natal fusion of bones, which are otherwise separate under
natural conditions, is of not uncommon oceurrence. In the appendicular
skeleton this premature and unnatural fusion of the separate bones is
comparatively rare, but in the vertebral column it is not unfrequently
met with. For convenience’ sake I will deseribe the congenital
ankylosis according to the natural divisions of the axial skeleton,
namely, the craninm, eervical, dorsal, lumbar, sacral, and coceygeal
regions of the spinal column, as has been done with the normal or
natural ankylosis.

() Ankylosis in the Base of the Skull.

It has been already pointed out that the basis cranii is composed
of three segments, one in front of the other. They are from behind
forwards, the basi-oceipital, the post-sphenoid and the pre-sphenoid.
In the majority of the lower animals these segments remain distinet from
one another until long after birth, if they do not always remain so; but-
in man the two foremost segments, namely, the post- and the pre-sphenoid,
though separate at birth, soon fuse together to form the body of the
sphenoid bone. It not unfrequently happens, however, that during some
disturbance in the foetus, there oceurs, together with other important
changes, premature fusion of two or of all three segments in the basis
cranii.  For example, in the anencephalous fretus, a comparatively com-
mon congenital abnormality, the two foremost segments, the post- and
pre-sphenoid bones, are completely united before birth ; and in the con-
dition known as congenital rickets (short-limbed, pero-melie fortus),
all the three segments are liable to be ankylosed to one another
forming a single bone, the os tribasilare, even some time before birth.
This was first pointed out by Virchow (*°).

If we compare the basis cranii of a feetus at full term with that
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(1) of an anencephalous faetus, (2) of a feetus with congenital rickets, this
point will be made clear. In a fotus at full term the three elements
eonstituting the base of the skull are separated from one another by a
plate or layer of hyaline cartilage. The
plate between the pre- and post-sphenoid
soon disappears, but that between the post-
sphenoid and the basi-occipital does not
disappear until about the twenty-first year.

Fic. 5. —Mesial antero-posterior

In an anencephalous feetus the pre- — goopion through the basis
and post-sphenoid are invariably united at cranii of an anencephalous
the time of birth (see Fig. ), the carti- fetus, @, pre-sphenoid ; &

post -sphenoid ; ¢, basi-oeci-

laginous plate having quite disappeared and Site]. . (Matur] gl

its place been taken by dense bone, but

the post-sphenoid and basi-oceipital still remain separated by a layer
of hyaline cartilage from which the further growth of the basis cranii
would take place. The fusion of the two elements which form the
body of the sphenoid bone takes place some short time, at any rate,
before birth, for the united bounes are shorter from before backwards,
and indeed to some extent in depth, than the separate hones in the
fetus at full term. For example, in a specimen of anencephalous
fetus at full term, the post- and pre-sphenoids together measured in
length 145 mm., whereas the same bones in a small fetus at full
term measured 16 mm, and in a large feetus, 20 mm. In addition
to premature obliteration of the cartilaginous plate between pre- and
post-sphenoids, there is some deficiency in the growth of the basi-
oceipital, for this bone is also shorter and smaller than it is in a
fetus at full term, measuring in a specimen of feetus at full term
13 mm. in length, but only 10°5 mm. in an anencephalic monster.
In a pero-melic (short-limbed, congenital rickets, ete.) fretus the three
separate bones in the basis cranii may be completely fused as in the
specimen described by Virchow (%), or the pre- and post-sphenoids
only may be united, the cartilage between the post-sphencid and the
basi-oceipital remaining unossified. In the two specimens of congeni-
tal rickets in the Pathological Museum of the University of Cam-
bridge the condition of the bones in the basis cranii is similar to that
invariably met with in anencephalic feetuses, and there is distinet
shortening which indicates that the union of the pre- and post-
sphenoids took place some time before birth.

This premature obliteration of the cartilaginous plates in the basis
cranii is therefore accompanied to an appreciable extent by the cessation
of growth. This premature fusion also takes place in idiots to a greater
or less degree. For example, the length of an ordinary skull from the
anterior margin of the foramen magnum to the fronto-nasal suture is
from 97-100 mm., whereas in three typical specimens of idiots’ skulls
in the museum the measurements are 90, 94, and 88 mm. In one of
these skulls, from an idiot wt. 19 years, the cartilage plate between
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the basi-oceipital and the post-sphenoid has quite disappeared, the two
bones being fused by eancellous tissue one with the other. In another
specimen removed from an idiot of the same age the plate of cartilage
has become transformed into bone, with the exception of one-sixth of an
inch at the upper part, and a short extent at the lower, the plate of bone,
representing the eartilage, remaining distinet between the post-sphenoid
on one side and the basi-occipital on the other, as will be seen to
oceur in the vertebral column,

When reference was made to the natural process of ankylosis in
the base of the skull it was pointed out that in those animals in which
the cranial eavity was long in proportion to its height, all the three
bones in the base usually remain distinet from one another for many
years, if not throughout the life of the animal; whereas, in those in
which the length is less in proportion to the height, as in chimpanzee
and in man, the pre- and post-sphenoids have a tendency to unite
early, and the post-sphenoid may unite, as in man, with the basi-
occipital on the attainment of adult age. It may be assumed,
therefore, that as the brain inereases in its size the skull becomes
deeper in proportion to its length, and owing to the fact that the
cerebral hemispheres enlarge upwards and backwards over the cere-
bellum there is no neeessity for an increase in length of the base but
merely in the growth of the vault. Hence the early and even total
obliteration of the synchondroses of the base of the skull in man
and, may be, in the chimpanzee. In man, however, this tendeney to
early obliteration of the synchondroses in the basis cranii may be =o
influenced by obscure diseased conditions that two or all the three
bones may become prematurely united, the medium of growth
(cartilage) disappearing. When this takes place the result is that
there oceurs defective development of the cerebrum, whether as a
consequence or as a part of the same disease it would be difficult to
determine.

(5) T the Cervical Region.

The cervical region is, so far as I have been able to discover, by far
the most frequent seat of congenital fusion, or ankylosis of the different
vertebrie ; but this is not common, indeed, I should say that it is hardly
known exeept in association with some congenital deformity of the skull,
the usnal one being that found in the anencephalous fetus. In the
anencephalous feetus there is commonly found more or less extensive
spina bifida, which may involve the cervical region only or, indeed,
the whole length of the spinal column. In these cases there is
usually eversion of the un-united neural arches which are often
Hattened and fused together; also not unfrequently some irregularity
in the ossification of the bodies of the vertebrm. For example, the
bodies, even at the time of birth, may be composed of two nuclei, or
centres of ossification lying side by side, and occasionally one or more
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vertebrze will only be represented by ome such unilateral centre of
ossification, this leading to a congenital deflection of the spinal column.
Congenital fusion of the bodies of the vertebrw, although often referred

to as a not uncommon occurrence by Roki-
tansky (*¥) and others, is, on the whole, rarely
met with. There iz a very good specimen
illustrating this state of the bodies of the
cervieal vertebra in an anencephalous faetus
in the Cambridge Pathological Museum, the
description of which is as follows :—

Seecimex 1 (No. 2013).  Anencephalous foetus
at full term with fusion of several cervical vertebro.
—This anencephalous feetus is of the usual type,
and the deformity of the head is associated with
more or less extensive cervical spina bifida. The
bodies of the third, fourth, fifth, and sixth cervical
vertebre are fused together into one single piece of
hyaline cartilage, in which is embedded a piece of
bone, measuring only 12 mm. in depth from above
downwards. There is no trace of division either
externally or in section of the different pieces con-
stituting the mass (see Fig. 6). The atlas is free,
and so is the body of the second vertebra, or axis.
The neural arches, which are turned outwards, as
in spina bifida, are fused together, except in the
pedicles, to allow for the exit of the nerves.

Fic. 6.-—Mesial antero-poste-

rior section of base of skull
and cervical spine of an
anencephalous fietus with
cervical spina bifida, a,
sphenoid ; &, basi-occipital ;
¢, anterior arch of atlas;
o, body of second vertebra ;
¢, fused bodies of third,
fourth, fifth, and sixth
cervical vertebre,

It accordingly will be observed that in the above specimen, not
only are the neural arches of all the cervical vertebra: united with one
another, but that the bodies of the third, fourth, fifth, and sixth are
also united into one solid piece of cartilage containing a nucleus of
bone. The bodies of the second and the seventh cervical vertebra, though
their everted neural arches are united with those adjacent to them,
remain distinet, and are each separated from the nucleus representing
the united bodies by fibro-cartilaginous discs.

We have here, I presume, a condition of vertebra: which resembles
that seen in the basis cranii. The primitive column passes with great
rapidity through its phases in development. The intervertebral dises
disappear quickly, and the bodies which are cartilaginous fuse together
into one solid piece, in which one or several nuclei of ossification
appeared. If many nuelei arise they soon fuse owing to the absence
of the fibro-cartilaginous dises, the natural barrier to growth of bone
from one vertebra to another. It is, indeed, probable that the pro-
cesses of differentiation that take place in the primitive vertebral column
occur in these congenital ankyloses but that they are very transitory.
If this view be adopted, congenital ankylosis would be comparable to
the natural fusion that takes place in the separate elements of the
basis cranii and, it may be, in the sacrum of the common fowl.
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(¢) Tn the Dorsal Region.

Congenital fusion of vertebra in the dorsal region is extremely
uncommon.  There is a specimen in the Museum of an anencephalous
foetus with spina bifida extending along nearly the whole length of
the colomn in which in the mid-dorsal region the bodies of two
adjacent vertebrie are fused with one another. In the Museum at
Guy's Hospital there is a specimen, which is regarded as of congenital
origin, of almost complete fusion and imperfect development of the
bodies of the third, fourth, and fifth dorsal vertebrse in an adult
female ; in addition, the lamine of the third and fourth, and the right
transverse processes of the sixth and seventh cervical vertebre are
united.

() In the Sacral and Coceyyeal Regions.

I have not succeeded in finding either record or examples of
congenital fusion of the different elements composing the sacrum and

COCCYX.

REmarks.—Congenital ankylosis of vertebrse is, as I have said
before, often referred to as of not unfrequent occurrence, but 1 find
from the examination of pathological collections in different museums
that it is comparatively unfrequent, if not very rare. I have already
alluded to the congenital ankylosis of the separate elements in the
base of the skull, and fusion of these three bones may oceur, though it
is more common to find premature fusion of the pre- and post-sphenoid
elements only. In the vertebral column fusion of the lamine in cases
of spina bifida is common enough whether associated with the anen-
cephalous state or not; but the fusion of the bodies of the vertebra is
very uncommon, The interesting feature of the specimen of con-
genital fusion of vertebree above deseribed is that the bodies of the
areater number of the cervical vertebraz are represented by one piece
of hyaline cartilage, in which there is a single nucleus of bone. There
is in this no evidence that the portion of the spinal column ever
underwent any differentiation into cartilaginous vertebra: and fibro-
cartilaginons discs. It might, therefore, be assumed that the process of
differentiation that naturally oceurs in the course of development did
not here take place. It must be remembered, however, that the early
differentiation of the colummn into cartilaginous vertebrie and fibro-
cartilaginous dises may have taken place, the latter undergoing rapid
disappearance and leaving a rod of cartilage in which one or many
centres of ossification would arise.

2. Posr-Narar Boxy ANKYLOSIS.

In many joints in the trunk there seems to be a more or less
natural tendency to ankylosis, which shows itself with advancing age.
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1t is well known that the vertebral column tends, with age, to become
set in its curves, whether in the bent position from stooping at work,
or straight as in the soldier; and, as it becomes set, the muscular
power necessary to support it gradually and in due proportion diminishes,
while the individual segments of the column become less and less
movable upon one another, and at last immovable and ankylosed.
Bony ankylosis between the different segments of the vertebral column
also occurs under other conditions, such as after injuries, in lateral
curvature, and after destructive disease, such, for example, as tuber-
culosis with and without suppuration. The majority of instances of
bony ankylosis in the vertebral column, however, occur without any
suppurative or other destructive disease in the joints: whereas, in
the appendicular skeleton the reverse holds good, the majority of
instances of bony ankylosis resulting from tuberculosis or such like
disease with suppuration.

(«) In the Vertebral Column.

The spine in elderly people—In man the spine during its develop-
ment and growth undergoes many changes in its curvatures ; and it is
these eurves that render the human column distinctive from that of
all aniwals, In him alone the lumbar portion of the spine becomes
strongly curved forwards so as to give a hollow in the region of the
small of the back. In the human embryo, it will be remembered, the
spine is first of all in the form of a general curve with its convexity
dorsalwards, and as growth proceeds this convexity becomes less and
less, until, at the time of birth, the column down to the sacrum is
almost straight, the lumbo-sacral angle being, however, already well
formed. After birth and up to the period of adolescence, the spine is
ever endeavouring to acquire its proper curves: and in order to do so
the museles associated with it, chiefly the erectores spini on either side
behind, maintain proper balance by throwing the dorsal region back-
wards and incurving the region of the loins. Up to adolescence there
is & more or less constant effort exerted to develop these curves
properly. Onece they are formed they do not, however, become fixed
and cease to require proper maintenance, but they are ever tending to
change, any diminution in the muscular power of the erectores spinge
being soon followed hy stooping, which, once established, tends to
become worse and worse, for the muscles are thus placed at a greater
and greater mechanical disadvantage. Throughout the period of active
life the spine is usually maintained in its proper curves, but in elderly
persons it is common, indeed if not usual, to find that stooping of a
more or less pronounced degree takes place,

From the annexed curves (see Fig. 7) taken from the anterior sur-
face of typical columns of elderly people, by means of a strip of lead, of
which a tracing is made on paper, it may be seen that the spine acquires
several different forms of curves. The commonest of all is an exaggeration
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of the natural curve in the upper dorsal region, and the least common
the one in which the spine becomes almost straight with the body
oy bent near to the horizontal
line at the hip joints. In
one of the specimens the
cervical, dorsal, and lumbar
portions of the column form
. one curve with its convexity
4 oy backwards, and in another the

mdgy lumbar curve is exaggerated
// as well as the dorsal. With
""""""""""" . these alterations in the curves
of the column the vertebra are very liable to
become united to one another in one of the
several ways illustrated by the specimens to
be immediately deseribed. Such changes may
or may not be dependent upon the changes in
the curves coming on with age from diminution
in the power of the musecles of the back. In
some cases, however, it would appear pretty
certain that bone-changes precede the altera-
tions in the curves. Such cases are not un-
frequently seen in elderly men who complain
of deep, vague pains in the back, a condition
usually regarded as lumbago without any better
reason than that there is pain of an indefinite
character in the back.!

-
e

Fig. 7.—{Reduced.)

- = — — Adult Sp. Cervieal Begi

« =+ =+ Elderly Man. ey

——— Elderly Man. Although, as has been mentioned above,
weri Specimen 2017. the cervical vertebre are naturally ankylosed

E.C.5. Eng. Mus.

T in the right whales, common porpoise, ete., yet

in man, as in most vertebrates, each cervical
vertebra is free, and the movement of this part of the column may
be said to be of considerable range; and especially is the movement
free between the skull and the atlas, and the atlas and the axis, the
chief joints between them having synovial cavities.  Nevertheless
there is a great tendency in man to ankylosis between the atlas and
the oceiput, and the axis and the third cervical vertebra, as will be
presently pointed out.

Between the atlas and the oceiput ankylosis may involve one or
both occipito-atloid joints or both joints and one or both arches. The
following specimens, which are in the Cambridge Anatomical Museum,
and which were kindly placed at my disposal by Professor Macalister,
illustrate very well the different forms that are met with.

I These cases are allied to the disease known as spondylitis deformans.
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only partially. The adjacent margins of the left articular processes are out-
grown and fused ; in a transverse section there is no trace of a joint cavity,
the two processes being continuous with one another through their cancellous
interior. The margins of the right articular processes are similarly outgrown
hut not fused, and the joint surfaces are free, though rough and uneven, except
at the innermost part. The right inferior articular process of the third is
affected similarly to the other processes.

The Dovsal, Lumbar, and Sucral Regions.

Ossification of the Intervertebral Dises, Marginal Plates, and Fusion
of Articular Processes and of Laming,

SeeciMEN 10, Pelvis with second, thivd, fourth, and fifth Iumbar vertelre
Jrom the dissecting-room (evidently from an old man).—The bodies of the
second, third, and fourth lumbar vertebrs are united in front and on each
side, but not behind, by a thin plate of dense bone which bridges over from
the articular margin of one vertebra to that of the other. This plate or brid
is incomplete between the marginal borders of the fourth and fifth lumbar
and fifth lumbar and first sacral vertebrie, In mesial sections of the vertebr the
thin plates or bridges are seen to be composed of dense almost ivory-like bone,
and further, the intervertebral discs are more or less completely transformed,
without any diminution of their natural thickness, into distinet plates of
cancellous bone.  The intervertebral
dise thus converted into bone retains
its form and outline. The cancellous
bone of which it is composed is de-
fined above and below, that is, at its
upper and lower surfaces by a thin
but well-defined plate of dense bone,
just as the centrum of each vertebra
15 defined ; and there iz a small
fissure-like interval between the body
and the dise which, in the recent
state, was no doubt occupied by the
remainder of the fibro-cartilaginous
unossified dise. This appearance is
very striking, for between the centre
of the vertebra there lies not a space
Fig. 9.—Mesial antero-posterior section of fifth Whic]]_ would, i“_ the recent state, be

lnmbar and upper sacral vertebre, @, ossi- oceupied by a dise of fibro-cartilage,

fied dise between fifth lumbar and first sacral  but a more or less complete and dis-

vertebrie ;- b, sacrum ; ¢, fifth lombar ver- tinet dise of ecancellous bone {SBE

tebra, Fig. 9). The disc between the last

lumbar and first sacral vertebra,

which is shown in the figure, is the ome most completely converted into
hone.

The lamine of the second, third, fourth, and fifth lumbar vertebrse are
united, without any approximation of their opposed margins, by somewhat dense
cancellous hone which is coarsely ridged from above downwards on both
anterior and posterior surfaces. Thus the ligamenta subflava are wholly
replaced by bone, and the lamine are rigidly connected. The articular pro-
cesses are also firmly united by coarse cancellous hone, the synovial joints
having completely disappeared and been replaced by bone. The spinous
processes are covered with numerous coarse spicules of bone, many of which
doubtless run in the direction of the interspinous ligaments. The sacrum is
firmly ankylosed to both iliae bones, not only by thick plates of dense bone
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which extend in front from the ale of the sacrum to the adjacent parts of the
iliac bones and bridge as it were over the articulations, but also in part by the
obliteration of the sacro-iliac joints themselves, by the growth of bone across
the articulations, thus forming a partial synostosis of the bones.

Anterior Plate of Dense Bone bridging over Intervertebral Dises and
Growth of Bone from Body of one Vertebra to another, through
the Intervertebral Discs.

SeeEciMEN 11, Spine and pelvis of an old man ; from e {ffﬂﬁ!‘f‘ﬂff}iﬂ-rﬂﬂﬁh
—This spine illustrates remarkably well the commonest curve in old age.
[t is strongly bent backwards in the mid-dorsal region, and there are other
minor changes (compensatory) in the general curve of the spine.

The sixth, seventh, eighth, ninth, tenth, eleventh, and twelfth dorsal
and first lumbar veretebre are firmly united by bone. On the front of the
bodies of the lower dorsal vertebra there is a dense, continuous plate of
bone, about one ineh in width, which is firmly united to the front of the
bodies, and which bridges over the
intervertebral dises and thus firmly
binds the several bodies together. On
the sides of the bodies of the tenth,
eleventh, and twelfth dorsal and first
lumbar vertebree there are thick but-
tresses of rather densze cancellous bone
which have grown towards one another
from opposite places on adjacent verte-
bra and which span over the interven-
ing discs.  Similarly, buttresses of
bone are seen in different degrees of
formation on the lateral parts of the
second, third, fourth, and fifth lumbar
vertebre. In mesial section of the
lower dorsal vertebra, the dense plate
of bone on the anterior surface of the
bodies is seen to be in places even one-
third of an inch in thickness and, here
and there, of almost ivory hardness.
Owing to the backward curve, the :
anterior parts of the bodies of the Fio. 10.—Mesial antero-posterior section
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vertebr® are closely approximated, and of lower dorsal vertebre. @, dense plate
here the bone from adjacent vertebrs of bone in front of bodies ; b, growth of
has grown across through the inter- bone from one body to another through
vertebral dise so as to fuse the bodies the intervertebral dise.

together.

In a few instances the posterior margins of the articular surfaces of the
bodies have in like manner coalesced ; and in one or two instances the bodies
of adjacent vertebra have grown together, thus completely obliterating the inter-
vening intervertebral dise, and uniting two bodies into one solid bone (see
Fig. 10). It is difficult to determine whether any of the intervertebral dises
1n this specimen have been independently converted into bone.

On the adjacent borders of the lamin® of the lower dorsal vertebra there
are numerous small coarse spicules of bone, but these have not grown
sufficiently to unite adjacent laminge. Neither the articular processes nor the
spines are joined together by bone, each remaining, though their corresponding
hodies are fixed together, natural and free. The sacrum is firmly united on
each side to the iliac bones by a dense plate of bone in front of each
artieulation. The upper dorsal and the cervical vertebre remain natural,
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Well-developed Buttresses, some united, and some serrated and
merely opposed.

Srecives 12 (No. 1904), Seven lower dorsal lumbar vertebre and pelvis
Jrom an elderly man.—The spinal column is almost straight, the lumbar and the
dorsal curves having quite disappeared. This represents an unusual though
not a very uncommon change in the curve of the spine in elderly people. The
tifth, sixth, seventh, eighth, and ninth dorsal vertebr® are united on the right
sides of their bodies by a continuous, thick, wavy, and dense plate of bone,
which is freely incorporated with the bodies of the vertebrse, and which
bridges over the intervals filled, in the recent state, by the intervertebral
dises of fibro-cartilage. This plate was evidently made up of portions corre-
sponding to the bodies of each vertebra, which portions grew together over
the intervertebral space and became fused along a sinuous line, often like a
suture in the vault of the skull, and of which traces may, here and there, be
seen.  The tenth, eleventh, and twelfth dorsal and the first, second, third,
fourth, and fifth lnmbar vertebra are united on the right sides of their bodies
by thick massive buttresses of bone which extend across the intervertebral
disc-interval and form uniting bridges; the tenth, eleventh, and twelfth
dorsal and first lombar vertebr® are similarly united by bridges of bone on the
left side of their bodies. The lamin®, articular processes, and spines remain
natural. The sacrum is united on each side to the iliac bones by a thick dense
plate of bone extending from one to another in front of the joint. The
acetabula are much changed from osteo-arthritis.

SreciMEN 13 (No. 19014). Bultresses of dense hone not yet united, bridging
over the tnfervertelival discs ; seven lower dovsal and one
leinbar vertebre.—On the right side of the bodies of the
sixth, seventh, eighth, ninth, and tenth dorsal vertebra are
thick, dense plates of bone, about half an inch in width,
which are firmly incorporated with the bodies of the verte-
bra, and which meet one another over the space oceupied
in the recent state by the intervertebral dise. The line
of junction of these plates is situated near the middle of
the dise and is sinuouns, the sinuosities of the one fitting
into those of the other in such a manner that when they
are approximated no movements of the vertebre upon one
another is possible. The laminm, articular processes, and
spines are free, and show no signs of bony growths on their
surfaces.

Fic. 11. — Section The formation of plates of dense bone, bridging
through portions  gyepr from one vertebra to another, is remarkably
::rt:ligc ;ﬁ;ﬁ well illustrated in the accompanying drawing, taken
of vertebra; B from a section of three dorsal vertebra from another
plateof densebone g similar specimen (No. 1901). The plate of
joining vertebr® 1 io 4 it were, soldered on to the surface of the

her.
R vertebra (Fig. 11).

Before proceeding to consider the ossification of the ligaments, 1
would here briefly refer to the conditions to be observed in a recent
specimen, where there arve buttress-like growths as well as the marginal
formation of new bone.

If a column in which there are numerous bony outgrowths be
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taken in the fresh state and sawn so as to divide, longitudinally, such
outerowths, it will be seen that the intervertebral dise extends out-
wards between them (see Fig. 12).  Gradually, as the outgrowths ot
bone LTOW towards one another, the extension, for it can be called
nothing else, of the intervertebral disc Il.i?-il.["ltll'-:'.'h until at last the two

buttresses are united, in other words, welded together.

Fre. 12.—Section of a dorsal vertebra Fig. 13.—Mesial section of bodies of two

with |.u|1in||,-1 of the adjacent vertes- dorsal vertelome, -.||||||I|'1|:}.' fused r-':_f-'.|:l.'|'

bree. o, intervertebral diso; b, body by growth of bone across the intervertebral
of vertebra ; o, luttress-like processes disc.

of hone growing from one vertebra to

anather,

Complete Fusion of two Vertebre from the Growth of the Bone of the Body
of l]u' one i|_|_1_'i| that of the other th lrll__-]l the Intervertel -l'.l] Ihse,

SrEcIMEN 14 (No. 1903). Two dorsal verfeliree (bodies only).—The hbodies
of these two vertebrs, which are from the lower dorsal remon, are slightly
:|!|:i-:'|'?-;iltl;|IL--l o one :||1|-'._'t|4-:',, and united at their front and =ides '||_\' thin
marginal plates of bone extending from the articular margin of one vertebra to
that of the other. In me=zial zection it 1z further =een that the two bodies are
wholly fused with one another, the eancellous tissue of the one being continuous
without any interruption with that of the other, the hone of each body having
ETOWT into and I:'l']'|:u'-"'l the intervertebral dize (=zee |“i._5 13).

Dssitication of Ligamenta Subflava, of other Licaments, and union of
Ribs with the Bodies of the Vertebrae.

SeeotMEN 15, Portion of spine from an elderly

lf. |l|||r_|l._ ooy _||.|','I,-‘ ,'rl_u_ll o Tal _-j.rlflll_. ||'.._.-.-r|" ||I-|.|'...'I'_|'.I'- fa .-'Il"lll- T -'”.-_r _,-,,'.nl, P ".'.'I'ir.'ll.

1 .-.-."_-'._ el elevendh JHEETS -:-'. ] ihis rJ-'."rr-'.'I--' il “t"rl L LA EI e i | -;Ili l_l.':l' 1..|'|'|I.'.ili'.l:' are
1 " . | 1 1 )L} ¥ fi a4 F q % y
|::|'I!||_'x nunicec ]l'-.'-ll'l:--' and thick 31 s lated plates ol :..-||--|-x.|-|;|'|_:|_; IO :];,.

upper to the lower borders of the adjacent laminm (see Fig. 14). In this manner
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all the vertebra ave rigidly held together, the bodies as in the natural condition
heing separated from one another by regular intervertebral-dise intervals. The
bodies of the eighth, ninth, and tenth dorsal vertebra are, however, united by
marginal plates of bone. All the articular processes are firmly united. A section
of one shows that the joint cavity has quite disappeared and that its place has
been taken by somewhat dense cancellous bone tissue. The spines of the tenth,
eleventh, and twelfth dorsal and first lumbar vertebra are united near their free
ends by bridges of bone, extending from one to the other in the position of the
interspinous ligaments (see Fig. 14). The eighth, tenth, and eleventh pairs

o

Fia. 14.—Antero-posterior section of last dorsal Fi6. 15, —Horizontal section through
and first lumbar vertelre just to one side of a portion of the eighth dorsal ver-
the middle line. &, body of vertebra ; &, ossi- tebra and the vertebral end of the
fied ligamentum subflavum ; e, ossified inter- rilh @, body of vertebra ; b, trans-
spinons ligaments. verse progess ; ¢, neck of rib.

of ribs are firmly united to the bodies of their respective vertebra, the eighth
and tenth pair being also united to the transverse processes with which they
articulate. It would seem that the heads of the ribs are in part joined to the
bodies of the vertebrse by plates of bone forming in the situation of the
anterior costo-vertebral lignments ; especially is this the case in the union of the
tenth pair. A horizontal section through the head of the rib and the eosto-
transverse joint of the right eighth rib shows (see Fig. 15) that the costo-
transverse joint is wholly obliterated ; the tubercle and transverse process
are fused together by a rather dense cancellous bone ; whereas the costo-verte-
bral joint is only in part obliterated, there being still a central oval cavity ; at
the periphery of the joint for the extent of about one-twelfth of an inch the
two bones are united by cancellous bone.

REMARKs.—From the deseription of the preceding specimens it is
elear that the wvertebra: may become fixed to one another in various
ways. A group of vertebra: may become fused to one another in
their bodies—(1) by the formation of distinet bridges of bone which
span over the intervertebral dises: (2) by the growth of marginal
plates of bone from the edges of the bodies of adjacent vertebrw | (3) by
the formation of a thick plate of bone extending over the bodies of
several vertebree in front in the position of the anterior common
ligament or on one or both sides. These bridges and plates are
usually composed of dense ivory-like bone, and they are, as a rule,
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the posterior arch with the lateral mass; in consequence of this bend, the
right half of the posterior arch is closely approximated to the adjacent part of
the posterior border of the foramen magnum. The whole of the posterior
arch, and all but the central portion of the anterior as well as the articular
surfaces, are fused with the occipital bone; in addition the right transverse
process of the atlas is fused with the lateral process of the oceipital bone, the
groove for the vertebral artery being destroyed and the foramen in the trans-
verse process much reduced in size.

Many specimens more or less similar to the above are to be found
in different pathological ecollections.  Hitherto these have heen
regarded, especially by Schiffner (*¥), as due to some congenital abnor-
mality ; but the atlas is not only fused—usually in part—but it is
distorted as if from injury at some time or other. I am, thercfore,
inclined to look upon a certain number of these specimens of ankylosis
of the atlas to the oceipital bone, especially where the vertebra shows
signs of distortion as the result of injury, it may be, during adult life.
Injuries to these parts are not of unfrequent oceurrence, but what
really happens is never known, owing to the fact that the injury is
not grave enough to prove fatal, and that it is a part very difficult to
investigate and that had better be left alone to effect its own repair.

Srecimen 17 (No. 1894). Partial dislocation of axis upon the atlas;
occiput, atlas, and axis vertebre.—The oceipital bone and the atlas are joined
together by fusion of their articular surfaces, the margins of which are
thickened and much outgrown. The axis is united to the atlas by fusion of
their articular surfaces, but the former (axis) is somewhat displaced upon the
latter, the second cervical vertebree being rotated on a transverse axis so that
the odontoid process is distanced from the anterior arch of the atlas by one-
third of an ineh. There is fusion between the left half of the anterior arch of
the atlas and the adjacent portion of the body of the axis.

SpeciveNy 18 (No. 1337Te). Fracture dislocation ; cervical spine—The dis-
placement in this specimen is of the usual type, and the injury is between the
fifth and sixth cervical vertebrse. There is complete ankylosis of the bodies of
the fifth and sixth, and of the sixth and seventh cervical vertebr, also of the
articular processes and lamina of the same vertebre. In mesial section the
bodies of the fifth, sixth, and seventh vertebre can be delineated, and the
intervertebral discs can be made out, each one converted into cancellous bone.
In part the ossified dises are fused and indistinguishable from the eancellous
hone of the adjoining bodies, and in part distinet and well defined by a lower
and an upper dense, limiting, thin plate of bone. The dise between the sixth
and seventh vertebre remains unossified in the middle. This portion of the
gpinal column was removed from a man who lived twelve years after the date
of the accident when he fell from a height backwards and broke his neck.

Srecimes 19 (No. 1341). Fracture dislocation at junction of twelfth dorsal
with first lwnbar vertebre.—The displacement is slight and of the nsual kind,
namely, the upper fragment forwards and downwards upon the lower, the upper
and anterior part of the body of the lower vertebra (first lumbar) being broken off.
The bodies of the twelfth dorsal and first lumbar vertebre are united anteriorly
and at the sides by a thin marginal plate of bone, which has grown from the
articular margins of adjacent bodies, and behind by a similar plate of bone
which is continuous with the ossified hinder part of the intervertebral disc,
the greater part of the dise, however, being in its natural fibro-cartilaginous

. P - —_
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state, The articular processes are fused together by cancellous bone, but the
lamin® are widely separated, and there is no attempt at union between them.
Between the anterior parts of the body of the first and second lumbar vertebre,
which parts are unduly approximated, there are also marginal growths; they
are, however, un-united. This specimen was removed from a man who lived
fourteen years after the accident.

ReMARks.—The changes described in the above specimens are
practically identical with those observed in the spines of elderly people,
and the ankylosis is liable to take place, not only between the damaged
vertebra, but also between neighbouring ones.

(¢) Anlylosis in cases of Tubercular Discase.,

In these cases there is not only a fusion of all the bodies impli-
cated in the disease and forming the angular curvature, but there is
also fusion of the neural arches and of many adjacent ribs to one
another and to the diseased vertebrme. In addition, there is in the
lumbar region a very remarkable development of bridges of hone,
which expand over and fix the diseased vertebra; and in this region,
it will be remembered, it is usual to find the disease quite limited,
consisting of a necrosed plate of bone in a part of the body adjacent
to the intervertebral dise.

Seecines 20 (No. 1573). Spinal column after extensive fubercular disease
af the bodies af the four lower dorsal vertelre.—The hodies of the ninth, tenth,
eleventh, and twelfth dorsal vertebra are fused together into a wedge-shaped
mass of cancellous tissue, in which there are no traces whatever of division into
separate vertebre, the intervertebral dises having completely disappeared.
The laming and articular processes of these
four vertebrse are in like manner fused
with one another. In addition, there are
marginal growths at the angle of junction
of the body of the eighth, with the mass
formed by the fused four lower dorsal
vertebre,

SeeciMeNy 21 (No. 1573). Localised
tubereular disease with necrosis of the lower
part of the body of the fourth lumbar verte- -
bra.—The bodies of the fourth and fifth p.. 15 Musial section of fourth and
lumbar vertebra, which retain their natural 5oy Jumbar vertebre. a, cavity in
distance from oneanother, are fixed together 1,04y of vertebra which contains a scale
by means of a strong narrow bridge of bone ¢ jeerased bone: 5, thick bridge of
situated in front and spanning over the  yone joining and fixing the two ver-

intervertebral space. From the upper part  tebre; ¢, body of fourth lumbar
of the body of the fourth lumbar vertebra,  vertebra.

tooth-like processes of bone are seen grow-

ing upwards over, or in front of, the intervertebral space, to meet similar
but smaller growths from the lower margin of the third vertebra which is not
affected with disease. In this manner the two vertebra, fourth and fifth, became
fixed, the formation of this bridge of bone being prompted by the disease of
the lower part of the body of the former. In this part of the column in the
adult, owing, perhaps, to the natural ecurve forwards, angular curvature does
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not usually arise, but in its stead fixation of the affected part takes place by

means of the formation of such strong bridges of bone spanning from one
vertebra to another (see Fig, 16).

() Anlylosis in Lateral Curvature,

It is only in extreme forms of this disease that any ankylosis
oceurs. Not only may the neural arches, articular processes, and ribs
be ossified to one another, but the bodies may be united by marginal
growths, the intervertebral dise ossified or the bodies so completely
fused together by growth from one to another through the dise, that
it is difficult and even impossible to
distinguish one body from another.

SpeciveN 22 (No. 1401a). Ertreme
lateral curvature of the four lower dorvsal
verfelree.—The bodies of the last three
dorsal vertebrm are completely fused,
with the exception of the hinder and
lateral parts of the eleventh and twelfth,
into one single piece of cancellous bone,
upon which rests the fairly defined
body of the ninth vertebra. The body
of this vertebra—the ninth—is fused
with that of the tenth in front, the
cancellous tissue of the one being con-
tinuous with that of the other. Behind,
the body of the ninth is separated for
nearly half an inch from that of the
tenth, and the interval is oceupied by
the thickened intervertebral dise which
1s converted into canecellous bone. This
cancellons bone, oecupying the place of
the fibro-cartilaginous dise, is defined
above and below by a thin dense plate of
bone, exeept in front, where it is thinner
and in part fused with the cancellous
tissue of the adjoining bodies (see Fig.
17). The lamine and the articular pro-
cesses are well joined together by bone.

Fra, 17.—Section through four lower dorsal
vertebre in lateral enrvature. a, body of
ninth ; &, ossified intervertebral dise De-
tween ninth and tenth ; e fused bodies
of tenth, eleventh, and twel fth.

Srecimes 23 (No. 1500). Laferal curvature of spine to the right in the
lower dorsal reqion.—The vertebre from the fourth to the twelfth are involved
in the curve which is very marked. On the concave side of the curve (left)
the bodies of these vertebre are connected either directly by growth of hone
from one opposed body to another or by marginal growths,

On the concave sides of both upper and lower compensating curves, similar
changes have taken place, especially in the upper curve which is sharp and
ghort. The laminz and articular processes of the eighth to the twelfth dorsal
vertebr® are joined together by bone on both sides; the transverse processes
of the lower six dorsal vertebrae on the concave side are fused to one another
and are almost indistinguishable. The gpines of the eleventh and twelfth dorsal
vertebre are joined together by a considerable nodulated mass or lump of bone
on their left sides. The seven lower ribs on the concave (left) side are fused
with their respective bodies, and the transverse processes of the vertebre are
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OSSIFICATION AND ANKYLOSIS oF CosSTAL CARTILAGES TO THE
STERNUM AND TO THE VERTEBRAL RIBS.

Ossification of the costal cartilage has usually been regarded as the
result of age,—a senile process,—but it is now well known that
ossification of these cartilages may be absent in elderly people. It is,
however, almost invariably present in adults of different ages who
have suffered from cardiac disease complicated with pulmonary troubles,
and from chronic chest complaints of various kinds. Sir George
Humphry (*) rvefers, in his work on the Human Skeleton, to the
dissection of a centenarian by Dr. Harvey, in whom the costal cartil-
ages were soft; and to a skeleton of a person, ®t. 100, in the Berlin
Musenm, in which the cartilages are likewise soft and supple ; and he
says, “ In almost all the old persons in whom I have had the oppor-
tunity of making a post-mortem examination, I have observed the
cartilages of the ribs to be discoloured and yellowish, but soft, so as to
yield easily to the knife, and render the saw unnecessary; whereas
they are commonly ossified and requiring to be sawn through in adults
who have been addicted to drinking and have become unhealthy, 1
am on the whole, therefore, disposed to regard the ossification of the
costal cartilage as a sign of disease rather than of age.”

The costal cartilages have, therefore, a tendency to ossify, and
that is especially the case when the person suffers from chronie chest
complaints, and probably after being much addicted to aleohol. The
process of ossification is probably much the same, whatever be the
cause, and it is to this that I more particularly wish to refer. The
costal cartilages, or sternal ribs, as they are called in comparative
anatomy, do in a great many animals undergo ossification as a part of
their development. For example, in the horse, the costal cartilages
are throughout their extent ossified, and they articulate by means of
gynovial joints with the rib at the one end and with the sternum at
the other. The ossification begins in the interior of the cartilage, and
new bone gradually replaces the cartilage from within outwards, that
is to say, it is endosteally formed. In the monotremes, on the contrary,
in which the costal eartilages early ossify, the ossification results, accord-
ing to Parker, from the formation of bone on the exterior of the car-
tilage, and by extension of bone-formation from without inwards: that
i3 to say, it is formed ectosteally. In each, the same result, namely,
ossification of the sternal ribs, ultimately takes place.

It will presently be shown that these two forms of ossification in
the costal eartilages, the endosteal and the ectosteal, take place in man
under the conditions above referred to. DBut the ectosteal variety is
far more pronounced and more important than the endosteal, which
may indeed be characterised as insignificant.

The ectosteal formation of bone in the costal cartilages is usually
most pronounced in the first, and less in the succeeding cartilages ;
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tematic manner. Here and there the manner in which the formation
of the bone trabecul® takes place may be observed ; for the matrix of
the fibrous tissue that precedes the formation of bone is in places con-
verted into a very granular opaque substance, which in its turn is con-
verted into lamelle presumably of uniform structure.

Accordingly, the bone here formed consists of precisely similar
elements to those in a natural bone, but the arrangement is different
from that seen in a normal bone,

2. Endosteal Bone-Formation.

The formation of bone in the interior of the costal cartilages is the
condition usually deseribed, but this variety thongh normal in many
animals is really insignificant in man, although it is of frequent oceur-
rence in association with the ectosteal variety. There is usually formed
a more or less continuous rod, running along a part of or, indeed, the
entire extent of the ecartilage. In these specimens the bone in the
interior ig, if anything, less characteristic than that on the exterior of
true bone: the trabecule are thick and of irregular size, the lamellwe
composing them are very indistinet, and the corpuscles are stunted
and without delicate processes, the canaliculi for which are absent.
Accordingly, the endosteal is similar in its structure to the ectosteal
bone of the costal cartilages.

Besides this formation of bone in the interior of the costal
cartilages there occurs, in places here and there, caleification, which is
preceded by fatty degeneration of the cartilage cells and by fibrillation
of the cartilage matrix.

ANKYLOSIS OF THE SAcro-Intac Jorsts.

1. Congenital or Pre-Natal.

Congenital ankylosis of the sacro-ilinc synchondrosis, with defective
growth of the lateral mass of the sacrum, was first described by
Naegiélé. The want of development which may or may not be due to
the ankylosis of the sacro-iliac synchondrosis determines the formation
of the “obliquely contracted ” or Naegélé pelvis. Naegclé (*') in his
memoir shows that this condition is rare in women and still rarer in
men : and further, he points out that though it is usually associated
with ankylosis of the sacrum to the ilium, yet the deformity may exist
when there is no such ankylosis, but merely defective development of
the lateral mass of the sacrum. In describing the caunses of this
remarkable deformity, he ends by saying that he thinks it is due to an
error in development and not to any general or local disease. Since
Naegéld’s work, eases have been recorded by Robert (**) in which both
sacro-iliac synchondroses were ankylosed and both lateral masses of the
sacrum were defective.  In such instances the pelvis reverts to the
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Srecinex 30 (No. 1810z), Male pelvis.—The left sacro-iliae joint is anky-
losed by bone, the sacrum and the left ilium being fused with one another.
In the upper part of the joint there are several large pits, and there is one
hole through the ilinm, all of which indicate that there must have been chronic
destructive disease of the joint. In this specimen there is no bridging over
of the artieular surfaces as in the preceding examples, the articular surfaces
being directly united by bone.

Doubtless suppurative diseases, other than those set up by the
tubercle bacillus, may and do oceur in this joint, and when they end
in recovery, ankylosis of this kind probably results: and it may be
that accidents to this joint in early life lead not only to bony ankylosis,
but also to defective development of the corresponding lateral wing of
the sacrum and in some measure to stunted growth of the ilium.

Tue Syumeuysis Pupis.

Though the symphysis pubis is so frequently ossified in the lower
animals, either throughout or in part of its extent, in man such an
ossification even in elderly persons is very uncommon ; and, indeed,
this is rare as a sequel to disease which is here very seldom met with
except in a grave and fatal (septic) form.

Ankylosis by bone of the pubie bones does not oceur in any of the
various deformities of the pelvis in women nor in man ; and, singularly
enough, when both sacro-iliac joints are rigidly fixed by fusion of the
bones and when many vertebrae are in like manner fixed to one
another in elderly persons, men especially, the symphysis pubis is the
only joint that shows no trace of any change that would lead to
ankylosis.

Still, complete fusion of the ends of the pubic bones across the
symphysis does take place. Wagner (¥) depicts and gives an aceount
of such a case, but whether this instance followed upon suppurative or
non-suppurative disease it is impossible to tell. It is worthy of note,
however, that in skeletons affected with universal ankylosis or ossify-
ing arthritis, a condition which will be described in a succeeding paper,
ossification across the symphysis pubis does take place.

Just as bony ankylosis of the joint itself is rare, so is fixation of
the joint by the formation of bridges of bone from one side to the
other. An example of this I have recently obtained through the
kindness of Professor Maealister, and the deseription of it is as

follows :—

Seecimes 31, Pelvis from an old man.—The symphysis pubis is bridged
over above and behind by a thick and somewhat dense lamina of bone, which
is continuous with a similar plate extending downwards behind the left
pubic bone to the pelvis. There is no growth of bone across the joint cavity.
Both sacro-iliac joints are similarly bridged over above and in front. In this
manner the three bones constituting the pelvis are united to one another at the
sacro-iline joints and at the symphysis pubis.
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IN THE APPENDICULAR SKELETON.

The appendicular skeleton differs in some important respects from
the axial, and before we hegin to consider the ankyloses, natural and
morbid, which may arise in its several joints, a brief review of the
peculiarities of the limbs may first be given.

Each of the four limbs of vertebrates is composed of a series of
segments, one beyond the other, just as the axial skeleton is composed
of a series of vertebrs, one behind the other. In a limb, however,
there are not only segments jointed end to end so as to allow of a
greater or less range of movement, and upon which their usefulness in
areat measure depends, but in the individual segments as we proceed
from the shoulder girdle towards the hand the mumber of bones,
roughly speaking, in each succeeding segment increases. For example,
in the human arm the first segment contains only one bone, the
humerus; the seeond, two—radius and ulna; the third, three—
scaphoid, semilunar, and cuneiform ; the fourth, four—the trapezium,
trapezoid, os magnum, and cuneiform ; the fifth, the five metacarpals ;
the sixth and seventh, five phalanges each; and the eighth, the
four terminal phalanges of the fingers. Accordingly, as we proceed
from the proximal to the distal extremity of a limb the segments
divide into so many separate bones which may be clothed by one fold
of skin as in the forearm, or by separate folds as in the digits. In the
limbs, therefore, we have to deal not only with ankylesis of the joints
between segment and segment, but also between the separate divisions
of a segment whether connected by joints or otherwise.

In the axial skeleton it has been shown that bony ankylosis of seg-
ment to segment takes place in different animals under natural conditions;
in the appendicular skeleton, however, fusion of segment to segment end
to end is very uncommon under natural conditions though frequent in
disease. But though fusion of segment to segment in a limb under
natural conditions is rare, yet fusion of the separate divisions in a seg-
ment is comparatively common, and it is by means of the lateral
approximation and ultimate fusion of separate bone divisions in a
segment that we obtain many of the varieties in the limbs of different
classes of animals,

Further, pre-natal or congenital ankylosis, usually shows itself by
lateral fusion of two or more divisions in a segment, and but rarely
by fusion of two or more segments end to end. In disease, on the
contrary, fusion of segment to segment is what generally happens,
though, as will be pointed out further on, lateral junction of hones does
now and again take place.

Ankylosis in the limbs will be considered under the same classi-

fication as that of the axial skeleton, the subdivisions only being
modified.

ﬂ]‘—'JL. OF PATH.—V0L. IV,
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and after birth ; but there is a solitary instance of the fusion of segment
to segment, and that is in the little toe. Although the little toe at
birth and in the earlier years of adult life
contains three separate phalanges and inter-
phalangeal synovial joints, yet in a large pro-
portion of persons at and beyond the middle
period of life, the second and terminal phal-
anges are so fused together as to constitute ¥1o. 19.—Mesial and longi-
: : : o B tudinal section through the
one single piece of bone in which there is, as 400 terminal phal-
a rule, no trace of the joint that formerly  anges of the little toe of a
separated them. Such a specimen is illustrated = middle-aged person ( x 2).
in Fig. 19,

Whether this is the result of the mechanical worry the little toe is
g0 commonly subjected to by the wearing of tight and ill-fitting boots,
or whether it is an indication of a tendency to the natural diminution
in the number of phalanges prior to ultimate disappearance of this some-
what useless digit, is more than I would at present venture to suggest.

ReEmMARES.—We accordingly find that both in vertebrates and in
man ankylosis under natural conditions is not nearly so common in the
appendicular as in the axial skeleton. This agrees with what we
should expect, for many of the bones of the axial skeleton may become
rigidly fixed withont greatly interfering with its usefulness, and,
indeed, perhaps render it more useful: whereas, in the appendicular
skeleton, fusion of one segment to another would greatly interfere
with the usefulness of a limb. Even in whales, tortoises, seals, and
walruses, fusion of segment to segment in the limbs does not take
place, and the several junctions, if not formed by synovial joints,
consist of fibrous tissue so as to allow of some degree of pliability.

Although the fusion of segment to segment does but rarely occur
under natural conditions in the limbs, yet fusion of two or more
bones in a segment by lateral approximation takes place commonly
enough in vertebrates. TIn man, however, as will be immediately
shown, fusion of the separate bones in a segment is of not infrequent
occurrence under abnormal or diseased conditions before and after birth.

II. Moreip BoNy ANKYLOSIS.

1. PRE-NaTar or CONGENITAL

Congenital bony ankylosis is, like the natural variety in the
appendicular skeleton, much more common between the different
bones of a segment than between separate segments, and lateral
fusion is more frequently met with between the phalanges of the
fingers and toes than elsewhere. DBoth fingers and toes, it is well
known, are liable to fusion to a greater or less degree along their
lateral borders constituting the condition known as syndactylism ;
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this fusion may involve one or more of the phalanges, Usually it is
the more distal bones and not the metacarpals or metatarsals, as in
ankylosis under natural conditions, that become thus united ; and the
degree of fusion may be such as to show merely the line of junetion,
or the separate bones may be completely welded together. Such a
fusion of the separate divisions in a segment of the limb is well
lustrated by a case of syndactylism reported by Otto, and quoted and
figured by Annandale (*), in which two fingers were enclosed by one con-
tinuous fold of skin, and in which the second and the terminal phalanges
were completely fused by lateral approximation, the first phalanges
being free.  This is in nature precisely what happens in the case of the
fusion of the third and fourth metacarpal bone, for example, in a pig.’

Although the first form of congenital bony ankylosis is common
enough, yet the second, namely, the fusion of segment to segment,
is comparatively rare. When this oceurs, it must be very difficult
without demonstrable proof to be sure whether in case a finger is
represented by two phalanges only, the condition is due to pre-natal,
or congenital fusion of two phalanges, or to want of differentiation of
the three separate segments during the laying down of the skeletal
parts. Without attempting to decide to which of these two modes it
belongs, I will here describe a specimen which shows congenital
ankylosis of the phalanges of the toes :—

SeroIMEN 32 (No. 2088), The wight foot of a fafus probably at jull term.
—The toes were covered in a sheath of skin, with slight indentations between
the ends of the digits. In the big toe the
terminal phalanx is large and well ossified,
but the first phalanx is absent. In each of
the remaining toes the skeletal parts are repre-
sented by a single piece of hyaline cartilage,
| : showing no evidence of the formation of
Fio. 20.— Longitudinal section  {nints; in the proximal portion there is a

through one toe. a, bony nuclei ;  Jarae nueleus of cancellous bone, and in the

b, hyaline cartilage (x 2). distal part a second small one (see Fig 20).

The joints between the digits and the meta-

carpal bones are natural. In the right hand of the same fetus the digits were

represented by two nuclei of ossification without intervening joints, and the

terminal phalanges of the second, third and fourth fingers were laterally ex-
panded and joined to one another.

2 PosT-NaTaL Boxy ANKYLOSIE

(a) Bony Anlylosis in Septic Avthritis, whether the vesult of Direot
or Tndireet Infection.

In examples of septic arthritis different degrees of severity of the
inflammatory process are seen. For instance, in those cases of direct
infection, either from penetration of the joint cavity by an infected

1 There is in the Museum of St. George's Hospital a very good illustration of eon-

genital fusion by lateral approximation of tibia and fibula for about one inch in extent at a
level about two inches above the inferior tibio-fibular articulation (Ser. iii. 33p).
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instrument or by opening of the joint in the treatment of disease, it is
usual to find that the resulting inflammation is very severe, and that
suppuration of a determined nature supervenes, causing destruction
partial or complete of the soft structures of the joint and sometimes of
the articular ends of the bones; whereas in cases of indirect infection,
as occurs in gonorrheeal rheumatism, in puerperal fever, in pywmia and
after specific fevers, especially typhoid, the resulting inflammation is
generally not so severe, the fluid in the joint only at times becoming
true pus, usually being only turbid from the presence of a comparatively
small number of exuded white blood corpuseles : consequently, in these
cases the destruction of the joint structures is not so great as in
those due to direct infection, and therefore the tendency to osseous
ankylosis is proportionately less. In septic arthritis of any kind, after
indirect as well as direct infection, the articular ends are usually not
much altered, there being but little if any destruction of bone tissue.

The articular cartilage and the inter-articular lignments, however,
disappear, and the articular ends of the bones being covered with
granulation tissue become united wherever they are in contact by
the growth of that tissue on opposed surfaces; this may subsequently
become fibrous connective tissue or true bome. If the uniting
medinm  becomes converted into bone, then the two articular ends
become completely united, the cancellous tissue of one bone becoming
directly continuous with that of the other. The knee joint illustrates
this perhaps better than any other, simply because it is largest, and
the one commonly affected.

The following specimen well illustrates the results in this variety
of bony ankylosis :—

SpeciMex 33 (No. 18854).  Ankylosis of knee joint.—Femur, patella, tibia,
and fibula of a young adult in whom the lower epiphysis of the femur and
the upper one of the tibia are not fully fused with their respective shafts.
The limb is slightly bent forwards. The femur, tibia, and fibula are natural,
except that they are covered along almost their entire extent with numerous short
spicules of bone. The patella, which is in the position it oceupies in extension
of the knee, is firmly ankylosed at its lower part, its only point of contact with
the femur, The femur and tibia are also firmly united by bone. The line
of the former joint ean be easily traced on the exterior, where there is on
each much coarsely spiculated new bone ; and the upper portion of articular
surfaces of the condyles of the femur, which would naturally not be in contact
with any other bone, are covered by a thin irregular layer of new bone. In
a transverse section through the femur and tibia the cancellous bone of the
femur is so blended with that of the tibia, except for a short space near the
middle, that there is no trace whatsoever of the line of the old joint cavity.
There is no evidence of destruction of the articular ends of the bones or of any
other disease,

() After Tubereulosis of Joints.

Tubercular disease of joints is met with in many forms, but for
our purpose these may all be included under tubereular arthritis with
and witheout suppuration.
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Lubercnlar discase without suppuration.—Bony ankylosis, without
suppuration in tubercular disease of joints has been recently deseribed
by Howard Marsh (1) in the paper already referred to; and the case
he gives, he tells me, is only an instance of what he has met with
in his practice on several oceasions. It is true that in this case there
15 no absolute and demonstrable evidence that the disease of the joint
was of a tubercular nature, and therefore we cannot speak of it as an
indisputable example of osseous ankylosis following upon tubercular
arthritis without suppuration.

The aceount iz as follows :—

“The elbow joint of a girl aged 14, had gradually, without symp-
toms, become fixed at an angle of about 130°. To unfree this position
Dr. W, Roughton, of New Barnet, performed execision.” In a sedétion
of the speecimen, which is figured, the humerus and ulna are com-
pletely fused together, there being no trace of separation between
them. There is no evidence of disease.

Tuberenlar discase with suppurafion.—On the contrary, examples of
osseous ankylosis following upon tubercular disease with suppuration,
ave common enough, and it is not necessary to give more than a few
instances, one of which I knew, from personal observation, to have
arisen from chronic tubercular disease which was associated with
suppuration and discharging sinuses.

Seecrues 34 (No. 1810m). Left ellow ankylosed by bone.—The ulna is
united to the humerus by bone at an
:l,:l_'_{]t- a httle {_{I'l*:ﬂc-l‘ than a !'5;_:]'.1
angle. There appears to have been
no great destruction of the articular
ends, but at the articular margins of
each bone there has been consider-
able osteophytic growth, the line of
_imu:ticrll ]ll-'in:_{ gtill detectable. The
radius was united by fibrous con-
nective tissue to the capitulum. In
longitudinal section through the
middle of the olecranon and the
trochlear [HlT['LrI:l of the humerus
there iz no trace of the former
jx:-'iul. c';1".'i1_‘.‘, the cancellons tizsue of
the trochlear portion being directly
continuous with that of the ole-
cranon ; and there appears to have
been but little if any real destrue-
Fio, 21 Longitudinal section through the tionn of bone 1 the artieular 1-t'|xl.-',
trochlea and olecranon of an ankylosed left  ns the line of union and outline
elbow joint (nat. size). of the trochlea and greater sigmoid
fos=a, can still be traced (see Fiz, 21).

This was removed from a man aged 29 years, who died from
phthisis, having sullered from tubercular disease in various parts of
his body., There were the remains of several sinuses around his left
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elbow joint which had been the seat of disease for a considerable time
when he was a lad.

Several joints may hecome thus ankylosed, as is often seen in the
carpus and in the tarsus,

The following specimen shows fusion of the tarsal bones :—

SPECIMEN 35, Bones of the tarsus of the left foof.—The scaphoid, euboid
and three cuneiforms are osseously united, there being no trace of any
of the joints between them. The hinder and upper parts of the middle and
outer cuneiform and the adjacent part of the scaphoid have completely
disappeared, and there iz in the anterior and lower part of the internal
cuneiform a large cavity. A section (vertical) through the scaphoid and
internal euneiform shows the fusion between these two bones to be complete,
the cancelli of the one being directly continuous with those of the other.
The anterior articular surfaces of the middle and outer cuneiform bones are
rough and uneven, as if they had been joined to their respective metatarsals
by fibrous tissue ; the hinder articular surfaces of the scaphoid and those
of the astragalus ave natural. The astragalus and os caleis show no signs of
disease.

(¢) Bony Ankylosis of a Joint adjacent to another Joint severely inflamed
or af the end of a long bone in a stimilar state.

When speaking of tubercular disease in the bodies of the verte-
brie it was pointed out that after its subsidence the synovial joints
between the articular processes, as well as the laminie of the affected
vertebrie, were commonly found ankylosed to one another by bone,
though these joints it may be safely asserted, were never the seat of
tubercular disease. Again, after injuries to the spine,—fracture dis-
location, for example,—the articular processes in addition to the
damaged bodies are usually found ankylosed. Doubtless some changes
take place in these joints which lead ultimately to ankylosis; and
these changes are, I venture to think, the result of the joints being
gituated in the immediate neighbourhood of the seat of disease.
Similar results, though not nearly so frequent, are met with in the
joints of the limbs, especially those of the tarsus; and the ankylosis
may be either filrous® or osseows. Further, severe inflammation of a
long bone may be associated at one or other of its extremities with
a variety of arthritis, which leads to osseous ankylosis, as will be
presently shown.

The first two specimens 1 will refer to illustrate the oceurrence of
osseous ankylosis in a joint next to another the seat of chronie tuber-
cular disease. The first of these was deseribed by Mr. Howard Marsh,
and shown to the Pathological Society of London in March 1896,

The foot was amputated for chronic tubercular disease of the
ankle joint, and on investigation it was found that the astragalus and
0s caleis were so blended with one another that there was no line of

! In the Musenm of the Royal College of SBurgeons, Edinburgh, there is a specimen

showing fibrous union between the os caleis and the astragalus, following upon tulereular
disease of the ankle joint.
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separation between them, and that the cancellous tissue of the one
was directly continuous, without any signs of interruption, with that of
the other; and there was no evidence of disease of the astragalo-
caleaneal joints,

The second specimen, consisting of the left tibia, fibula, astragalus,
and os caleis, is in the Pathological Museum of St. George’s Hospital
(Ser. ili. 324). The ankle joint had evidently been the seat of
destructive tubercular disease, the tibia and astragalus being in part
united by bone and in part separated from one another by irregular
cavities. The os ealeis, which is natural in every respect, is intimately
united to the astragalus, so that they practically form one bone.
Owing to the eversion of the foot, which is rather strongly marked,
the tip of the external malleolus had at first come in contact with, and
later become joined to the external surface of the os calcis. There are
no signs of disease in the joints between the astragalus and os caleis,
These bones were removed by amputation from a woman, aged 38
years, who had had pain and swelling in the ankle for 6 years;
during the last six months preceding the amputation, abscesses formed
in and about the joint.

Ankylosis of a joint at the end of a long bone affected with acute
necrosis—The oceurrence of bony ankylosis in a joint, say for example
the ankle, when the tibia is the seat of active inflammatory disease, is
hardly recognised, although the fact that certain changes are liable to
ocecur in joints placed under such circumstances is familiar enough.
From the specimens I am about to describe it will be seen that
osseous ankylosis may and does occur at times. It is true that,
as I have just said, arthritic changes of some kind arise, and often
lead to stiffness when one of the bones is the seat of active in-
flammation ; but it is very uncommon to find that any suppuration
takes place in these joints. I am therefore inclined to regard the
specimens to be immediately deseribed as due not to suppurative
arthritis but to a special form of arthritis, allied to that which takes
place in the joints between the articular processes of diseased vertebral
bodies, as in Pott's disease.

Seeciues 37 (No. 1610). Ankylosis of tibia, fibula, and astragalus.—The
tibia shows the results of extensive osteomyelitis with necrosis. The fibula
is natural. The lower end of the tibia, the lower end of the fibula, and the
astragalus are joined together by bone. The line of junction of the different
bones can just be traced on the exterior but not in a mesial longitudinal
gection ; the tibia and astragalus are gquite fused together, there being no
line or mark to indicate their junction. The epiphysial lines at the lower
ends of the tibia and fibula have completely disappeared, though those at
the upper ends are present. There appears to be no evidence of destruction
of bone in the articular ends of the tibia and fibula nor in the astragalus.
These bones were removed from a lad aged 14 years.

Seecimex 38. (No. 1888). Osceous ankylosiz of tibia and astragalus.—
Tibia iz rough, thickened, dense, and much deformed, having obviously been

PSS S
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the seat of acute necrosis with subsequent chronic inflammatory disease 1n
early life. The astragalus, which is of natural size and shape, is firmly united
by bone to the tibia along the posterior four-
fifths of its articular surface, the anterior
fifth remaining free and distinet. The line
of junction between the tibia and astragalus
is just traceable, owing to the slightly greater
density of the cancellous tissue at that line.
At the anterior part of the line of junction
between the two bones the cancellous tissue
is very dense, being continuous with dense
tissue both in the tibia and in the astragalus
(see Fig. 22). Where the joint surfaces are
free and un-united, each bone is covered by
itz articular plate, and the surfaces are closely
approximated, as if the cartilages had under-
gone more or less complete absorption.

It may here be noted that when, for
example, the tibia, especially the lower |
half, is the seat of acute necrosis the
ankle joint is usually found to present
the following changes. The synovial
membrane is thickened and very red, and
at each available place it is growing or has grown over the cartilage,
thus replacing the surface layers of the articular cartilage to a variable
extent. Extension of this would cover the cartilage with synovial
membrane, and at the same time replace it so that at last the cartilage
would be removed entirely and the two articular surfaces joined together
by connective tissue which may become converted into bone,

Fre, 22.—Longitudinal section of
tibia and astragalus which are
united by bone (nat. size).

(i) Bouny Ankylosis of Joints after Injuries.

Stiffness of joints after injuries such as severe contusions; after
fractures of the articular ends of the bones, whether the fracture
enters the joint or not ; and after the separation of epiphyses, is common
enough ; but usually this is the result of changes that take place out-
gide the joint, and only in rare instances is it due to the formation of
fibrous or other connections within the joint itself and between the
articular cartilages. This variety of ankylosis more or less complete
was, as I mentioned in the introduetion, known to the Greeks, and its
oceurrence was especially guarded against. The true bony ankylosis
of the joints in the limbs oceurring simply as the result of injury, and
without sappuration in the joint, must be of very rare occurrence,
although it is frequently met with in the joints and between the arches
of the vertebral columm. I do not know of any example of such a
condition, but reference is made to one by Cruveilhier.' It is, how-

! Cruveilhier, “Anat. Path."” liv. ix. pl. v. figs. 1and 2. The right temporo-maxillary
articulation of an old woman whe, when a child, received a blow on that side of the face.
It appears that there occurred complete bony ankylosis. Mr. Howard Marsh tells me he
remembers seeing anch a case some years ago in his own practice.
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ever, not uncommon to find after fractures at the lower end of the tibia
and fibula a complete osseous union of the two bones, by the formation
of bone across the inferior tibio-fibular Joint.  In this joint, it will be
remembered, the tibia and fibula are mainly held together by a strong
fibrous (interosseous) ligament, there
being no joint or synovial cavity
between them.

SreciMEN 39 (No. 1421p).  Tibia
and fibula,—Direct fracture of hoth
hones, 2 in. above the ankle joint.
Fragments united with but little de-
formity. The lower tibio-fibular articu-
lation is entirely obliterated, the two
hones being firmly united by bone which
is cancellous in structure (see Fig. 23).
The articular end of the fibula is uneven,
as if some change had taken place in it,
but that of the tibia is natural. It

Fic. 23.—Transverse section of lower | :
ends of tibia and fibula united by YOO d appear that in consequence of the
bus (nat. stzal disturbance produced by fracture of both

bones immediately above, ossification had
taken place in the interosseous ligament of this joint.

(¢) Bony Ankylosis in Iisease or Tnjury of the Nervous System.

Bony ankylosis undoubtedly oceurs after arthritis in disease of the
nervous system, as was first pointed out by Chareot (*).

In the condition known as the “ tabetic foot” it not unfrequently
happens that, not only is there disease of the inter-tarsal joints similar
to that met with in other joints in tabes dorsalis, but there actually
occurs bony ankylosis in one or more joints in the foot. Several examples
of bony ankylosis of the tarsal bones in locomotor ataxia have been
reported in France, and among them is one by Boyer (*%). Charcot, it
may be remembered, attributed all trophic lesions taking place in
tabes to the result of disease of the nerve cells in the anterior horn of
grey matter. During recent years, however, it has been maintained
by French observers, espacially Pitrés and Vaillard, that the joint and
bone lesions in locomotor ataxia are the result of structural changes
in the peripheral nerves; and that, for example, when spontaneous-
fractures oceur there is almost invariably neuritis of the nerve supply-
ing the fractured bone, and that there is no change in the cells of the
anterior cornu of the grey matter in the area corresponding to the
peripheral lesion. Consequently, these latter observers regard the
trophic lesions of locomotor ataxia as due to peripheral neuritis in
addition to the lesion in the posterior column of the cord, rather than
to disease of the cells in the anterior horn of grey matter. In favour
of such a view is the following and, as yet, solitary instance of bony
ankylosis subsequent to injury of a peripheral nerve.
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After injury to the peripheral nerves—Mr. Bowlby (*7) in his “L‘Ir'l..'}l'k,
“ Injuries and Diseases of Nerves,” p. 53, gives an account of the joints
of a hand eighteen months after division of the median nerve at the
wrist joint. He says: “ The finger joints were one and all stiffened.
On opening those of the middle finger, the capsules were found to be
thickened, and the cartilaginous surfaces of the most distal joints
united by fibrous tissue. The terminal joint of the ring finger was
firmly ankylosed, the union being by bone, and so firm as only to yield
to cutting instruments” This is, so far as I am aware, the unl;;
example hitherto recorded of bony ankylosis supervening upon arthritis
of nerve origin.

(f) Ossifying Arthritis,

The term ossifying arthritis is here used to denote a variety of
bony ankylosis, which not unfrequently affects the joints of the hands
and feet; it may also affect other joints of the body, as I will
later show. This variety of arthritis occurs without suppuration, and
although it may be found associated with rheumatoid arthritis, yet it
is distinet from it in the changes that occur in the joint structures
and in its ultimate result. It is probable that this ossifying arthritis
is allied to, if not identical with, that which takes place under natural
conditions in the terminal joint of the little toe of persons of middle
age, and also to that which oceurs between the articular processes of
the vertebr:e in tubercular disease of the bodies, after fracture-
dislocations, and in the spines of elderly persons. The following
are selected from a series of specimens in the Museum, and it
seems to me they show pretty well not only the results of this
disease, but also the processes by means of which those results are
obtained :—

Seecimes 41 (No. 1926). Lower end of left vadius and ulna, carpus
and metacarpus.—In this specimen the three bones of the first row of the
carpus are fused together, but the remaining carpal bones, though some of
them show signs of disease, are free and distinet. The articular surface of
the lower end of the radius is remarkably pitted and uneven ; some of these
pits are as much as one-sixth of an inch in depth, and into them fit small pro-
jections from the upper surfaces of the scaphoid and semilunar bones, which
surfaces are altered in like manner. Accordingly, when the bones of the radio-
carpal joint are placed together (opposed), they so fit one another that movement
between them would be impossible. There iz no eburnation of any of these
articular surfaces. The lower end of the ulna is enlarged by marginal growth
of new bone, but the articular surface shows only slight structural change.
The scaphoid and semilunar bones are completely fused, but there still remains
on the exterior a line indicating the separation between the semilunar and
the cuneiform bones. The outer part of the upper surface of the semilunar
and that of the cuneiform are somewhat dense and worn down, evidently by
their movements upon the ulna, supination and pronation being uninterfered
with. The concavity formed by the first row of carpal bones has its articular
surfaces changed in much the same manner as are the upper, but not in so
marked a degree. In the distal row of carpal bones, which are all separate
from one another, only the head of the os magnum requires notice. This
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is somewhat reduced in size and somewhat coarsely pitted, but not dense

and ["l‘li-"l"!'l in any part. The carpo-metacarpal joints are unaltered and
natural.

SPECIMEN 42, Carpus, and second, third, and Jourth metacarpal bones of left
fand.—All the bones of the carpus, with the exception of the pisiform bone,
are 20 fused together as to form one single piece ; and to this mass are fused
the bases of the second, third, and fourth metacarpal bones,  On the exterior
there 18 no incheation of the
pre-existence of joints, nor
indeed is there in section
any trace of junction (see
Fi:_{. ':_:!i'} T!u' :-i'II]Jl"I'i.II!' arti-
eular surface of the scaphoid
15 enlarged by growth at its
marging, and throughout the
greater part of its extent 1t is
Fig., 24, —Longitudinal sectivn through carpus and ]"lrr”.":l“":l h,r minute round

base of second metacarpal bone of left hand, holes, but in one small area
Fusion of F:l."'-HEI]'IIFi(i:, Il'illlﬂ.ﬂlhill, and second meta- the surface is eburnated.
carpal bones (3 nat. size), The upper articular sur-

faces of the semilunar and
cuneiform bones are in a similar state, and so is the distal articular surface
of the unciform for articulation with the fifth metacarpal ; but the surface of
the trapezinm for articulation with the metacarpal bone of the thumb is
smooth, unaltered, and natural. In the section passing from before back-
wards through the scaphoid, trapezoid, and the base of the second metacarpal
no trace of the junction of these three bones can be seen, the caneellous tissue
of all being directly continuous (see Fig, 24).

SpeciMexy 43 (No. 1813). Right vadius and ulna, carpus and meta-
carpus.  Moist specimen.—The radio-carpal and the radio-ulnar joints show
the changes commonly observed in chronie rheumatoid arthritizs, which are,
eburnation of the bone, thinning and fraying of the articular ecartilages and
the presence of multiple polypoid growths on the inner surface of the synovial
membranes.

The bones of the carpus, with the exeeption of the pisiform and uneiform,
together with the bases of the second and third metacarpal bones, are so fused
as to form ome piece of bone, and the joints are completely obliterated,
their places being taken by canecellous bone tissue. The joint between the
cuneiform ;L't][[ the EL'.‘lJ_'I-I'lIZI'iI.l on the one ]::lml__ and that between 1t and the
unciform on the other still exist, and in all probability they indicate the kind
of changes, in an early stage, through which the ankylosed joints passed.
The bones are close ly 1'[r|urn|.nn.1-d and the opposed articular cartilages have
completely disappeared, o far as the naked eye can discover, and their place
is taken by fibrous tissue. Although the articular ecartilage is replaced, still
the joint cavity, a mere chink, remains.

Un separating the cuneiform it iz seen that the joint surfaces, though
practically denuded of articular cartilage, are smooth, and are connected with
those of neighbouring bones by numerous small, delicate, fibrous bands. In
the joint between the cuneiform and the sc iphoid these delicate fibrous con-
nections are more marked, and so they are in the joints between the unciform
and the bases of the fourth and fifth metacarpal bones. Under the mieroseope,
the following are the chief changes to be observed. Where the joint cavity
stall 1'1‘!||1|ir|-' the articular surfaces of the bones are found covered [1} 1}1.'
a thin layer of altered articular cartilage, (2) by a layer of cellular connective
tissue, or (3) it may be hare, the bone itself l.‘\.[lﬂ':-'l.,&] The greater part of the
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joint surfaces are usually covered by a thin layer of articular carl;ilngg, ".Ihich,
it may be noted, can hardly be detected by the naked eye (Plate XXIX. Fig. 1).

Where the articular eartilage remains, it is usually found reduced to a thin
layer. In the superficial layers the cells are numerous and rather large, and
the intervening matrix is fibrillated in a direetion parallel to the free surface,
as if the superficial layers of the cartilage, before they disappear, undergo a
transformation into fibrous connective tissue, The deeper layers of the
articular eartilage remain unaltered, except that the cells are proliferated,
and are not usually arranged in columns perpendicular to the free surface, as
under normal conditions (see Plate XXIX. Fig. 2). Here and there the cells
near the free surface are large with round nuclei and with granular proto-
plasm, and many of them lie free on the surface ; this gives the impression
that they first proliferate, then grow large and granular, and ultimately dis-
appear into the joint cavity. It seems probable that the articular cartilage is
in this manner reduced in size, until at last it quite disappears, leaving the
subjacent dense bone exposed. In ome place only I noticed that the
remaining articular cartilage showed changes precisely similar to those seen
in rheumatoid arthritis, namely, proliferation of the cartilage cells and the
fibrillation of the matrix in a direction perpendicular to the free surface, The
bone subjacent to the thinned and altered cartilage is for a short distance
much eondensed, or sclerosed, the trabecul® being thick and the spaces small.
In the spaces near the joint surface there is only a small amount of fibrous
connective tissue with blood vessels, but further away the spaces are larger,
and in them the connective tissue is more cellular ; whereas deeper still the
bone is like natural cancellous bone, the trabeeulm thin and the spaces large
and filled with blood vessels and large fat cells (see Plate XXIX. Fig. 1). At
one point union between the two opposed artieular surfaces, though incom-
plete, can be seen (Plate XXIX. Fig. 3). The two dense layers of bone are seen
closely approximated, in places with a slit between them, and in others quite
fused.

SpecrveN 44 (No. 1905c). Bones of right fool, phalanges of four outer
foes missing.—All the bones of the tarsus are firmly ankylosed to one another,
On the exterior of the bones there iz a considerable amount of new bone in
the form of ridges and spicules, and especially is this the case at the lines of
the junction of the separate hones, and where there are grooves and ridges for
tendons. The os caleis particularly is covered by spicules of new bone. The
upper articular surface of the astragalus appears normal.

The tarso-metatarsal joints are not ankylosed, but the articular margins on
each side of the several joints are thrown up into irregular ridges or buttresses,
the opposed surfaces of which are uneven, as if they were, in the first state
united by fibrous tissue. The first metatarso-phalangeal joint is also ankylosed,
and to the under surface of the metatarsal bone the two sesamoid bones are

firmly united ; the big toe is deflected outwards (zee Plate XXX, Fig, 1).

SpeciveNy 45 (No. 19058). Tarsus and metatarsus of left fool.—All the
bones of the tarsus are ankylosed by bone to one another and to the basal
extremities of the metatarsals. On the exterior there is no evidence of any of
the lines of the intertarsal joints, except that there is much new, somewhat
finely-spiculated bone forming a sort of ridge where the joint should be.
These ridges are especially seen at the line of the mid-tarsal joints and where
the metatarsal bones join one another and those of the distal row of tarsal
bones. On the under surface of the foot, which has a good arch, there is also
a good deal of new bone formed in ridges and in spicules,

The distal end of the first metatarsal bone is expanded, especially to the
outer side, and the surface almost in its entirety iz coarsely pitted, but is not
at any part dense and eburnated. The distal end of the fifth metatarsal is
similarly altered (see Plate XXX. Fig. 2). The free articular surfaces of the
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second, third, and fourth metatarsals, and the upper artieular surfaces on the
astragalus for articulation with the tibia and fibula, are quite natural. In
an_antero-posterior section, passing through the middle of the astragalus
and the first metatarsal bone, it will be seen that the bones are so connected
as to form one single, rigid piece. The astragalus is united to the os caleis at
the margins of the articulation and partly at the interosseous ligament, the
Jomnt cavity in its central part being free and natural. The astragalus is
united to the scaphoid by a bridge of cancellous bone at the upper part of the
joint, and the lower end of the scaphoid is united to the sustentaculum tali of
the os caleis by a bridge of bone in the position of the inferior caleaneo-
scaphoid ligament. The greater part of this—the astragalo-scaphoid—joint is
natural, except that the articular surfaces are unduly approximated to one
another. The scaphoid, internal cuneiform, and the first metatarsal are so
much blended together that there only remains just the central parts of the
joints to indicate their former existence, and this is a narrow slit bounded
on each side by an articular plate of bone. The cancelli of these three bones
are, at the ];'lllrillllal'ﬂl parts of the joints, directly continuous with one another
(see Plate XXX, Fig. 3). The bony ankylosis has in this first taken place at
the periphery, and then gradually extended towards the middle of the joints ;
and while this was taking place, the articular plates became approximated to
one another, so as to diminish the space that would be left by the disappear-
ance of the articular cartilage according to the process above deseribed in the
carpal bones.

SpeeciMex 46 (No. 19056p). Tarsus and mefatarsus of left foof.—The
scaphoid, the three cuneiform, the cuboid and the bases of the three inner
metatarsal bones are ankylosed to one another. There are ridges of com-
paratively smooth bone over the lines of junction of the several bones. At
the adjacent articular margins, between the astragalus and scaphoid, there is
much new bone which is spiculated in character ; as there is also at the
articular margins of the calcanec-cuboid and the caleaneo-astragaloid joints.
In these joints the articular surfaces are, however, intact and natural. The
distal articular surfaces of the first and second metatarsalzs are elightly
expanded, and that of the first is coarsely pitted, but not in any part dense
and eburnated. In a longitudinal section passing through the middle of the
astragalus and the metatarsal bone of the big toe, it is seen that the scaphoid
and internal cuneiform bones are united at their peripheral parts, but not in the
middle where the two bones are distinet, though closely approximated ; the
internal cuneiform and the base of the first metatarsal are also united to one
another, but only at their peripheral parts. Near the upper part of this joint
eavity delicate trabecul® of hone may be seen extending from ome surface to

another across the joint cavity.

From the account given of the preceding specimens, we may draw
the following coneclusions :—

1. That the ossifying arthritis probably commences by the forma-
tion of continuous but finely-spiculated marginal growths of bone at
the articular margins of the bodies; these bony growths are not
covered by an extension of the articular ecartilage, as in rheumatoid
arthritis (lipping).

2. That these marginal ridges of bone grow towards one another
and ultimately fuse, bridging over the joint cavity and firmly uniting
the bones.

3. That while these changes are taking place on the exterior of
the bones, the articular ends become approximated, owing to thinuning
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are usually joined by fibrous conneective tissue. Under exceptional
circmmstances l]ll'_‘.' may become united |-_'n.' bone, as in the I'u”lr‘ﬂ."in:_{

specimnen :

SPECIMEN 47, The left fool with lower ends of tibia and filula.—The foot
is quite flat, and the os caleis is strongly rotated outwards and drawn upwards,
the tip of the external malleolus having come into contact and formed with it
a false joint, as is not unfrequently the case in extreme examples of this
condition. There are [y p];lh--:f]{l' '\-'l:.'l'_:']'ll“'.l.]'-'\ of bone on the ail jaeent
articular marging of the bones of the mid-tarsal joint, which plates were during
life united by fibrous tissue, but the two joints are free. The joint between
the astragalus and the sustentaculum tali of the os caleis is obliterated, and the
two bones are here so united to one another that '||Il."".' appear like one .=!-:|;_'|L-
piece ; in the astragalo-caleaneal joint the marging have in one place grown
1"!"1]H'L', but are not vl united. In all ;-]'-l'i-;ll‘a{]:i':_‘.' the union ]u':_::in- at the
periphery by means of the fusion of marginal growths, and then it extends
through the entire joint cavity as in ossifying arthritis.

2. In Leprosy—The fusion of hones following their destruction
and absorption in leprosy
is often very remarkable.
An example of this is to be
found in the following speci-
men, sent to the Museum
from Trinidad by the late

Dr. Beavan Rake :—

SPECIMEN 48, Mhalanges
el mietadfaranl Tvnes -.:f- r'-'.:.'."- 8
..l':-.-rl", The bones of all the
phalanwes of the toes are
fused together into one irregu
lar MAss llfl- Ei:_']-.'. ]lllill-, 10
which the anterior ends of
the second and third meta-
tarsals only are fused. The
bones are exceedingly light,
and the distal end, as well as
the shaft of the first metatarsal, is much excavated (see Fig. 25).

Fig. 25.—VYiew from above of metatarsals and fused

phalanges of the toes, from a foot ty pically affected
with leprosy.

3. In J]fn'.l'.!'.-'_l.-ﬁ.: fﬁ'.-'rg."',-n"rr,'l.-_,n' Frostosis, In cazes of lII1l]'.i'|¥]t' heredi-
tary exostosis, a few examples of which have been recorded, it is not
1:1|r'|'f-|l||g~|||: to find that the inferior ends of the tibia and fibula are
completely nnited for a short distance, the cancellous tissue of the one
being directly continuous with that of the other. The following well
illustrates this condition :

SrEcIMEN 49, Lower end of {ilia and filula removed by amputation from
a men whie Tl .-...;,-nrf,:",.,l'; canatosis, The lower ends of both bones are H!LE{_:}IT:_'.'
eurved outwards, and the fibula is much thickened. For 2! in. the two
bones are fused together, the cancellous tissue of the one being continuous
with that of the other. This involves the inferior tibio-fibular joint (see Fig.
26). There is a similar speeimen in the Musée Dupuytren.
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THE VARIETIES OF ANKYLOSS.

‘I.'!l'l.'-'.ﬂ'l'll'"-i-'-'- of the Lower Falves f.'.u'. the Tibia and Fibula ,n' "J'“-_'.-'-"r*-"f-'-r'.l: r:,."
|",|'I.'-' Jr,l.gjr- ,-'.-'-'.-.'J._n'_.' ,|'r.'.-."- FOSRCONS ,llfr- .-J--'I.l.-'-".lr-_ rl'.-.'.'l'I -'-.I'- |'_-I..' .I'I_.._-..'-.'.'.'.'.I nt |_'.r. H:'-
.I'I,'l_-'-' L ;'r.ul'l.'.-.r- -/ F-.--|?r.l_|' Jotnd.

The partial replacement of the interosseous membrane bhetween the

tibia and fibula by bone 1s I"I[lI:i.iH'lI!.'l.' met with in cases where the les

Fiz., 26.—Transverse section of lower part of right tibia and fibula, showing complete

union of the two bones and eomplete obliteration of the inferior tibio-filmlar joint.

has been the seat of a chronie ulceration, associated with long-standing
widema of the soft structures But the actual conversion of the
membrane into bone, so as to firmly unite the tibia and fibula, must
be of rare oceurrence. An example of such a condition has recently

heen added to the Museum, and the deseription of it is as follows :—

SprciMeEx D0, —The mght tibia and fibula are united for 3=4 1n. of
their lower ends. The union iz effected below by thick bridges of bone ex-
tending from the fibula to the tikia, both behind and in front of the inferior
tibio-fibular intercagseousz hgament which remans unoszsified.  Above thiz the
union iz by a thick plate of bone in the position of the interosseous membrane.
Both tibia and fibula are covered with many s Il and short spicules of bone,
which are evidently ossifications in the tendons of musclez, and these are
especially marked on the oblique ridge of the tibia.
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UNIVERSAL BONY ANKYLOSIS, OR ARTHRITIS
OSSIFICANS.

By Josepn GrirriTHs, M.A. (Cantab), M.D. (Edin.), F.R.C.S. ZLate
Assistant to the Professor of Surgery in the University of Cambridge,
Surgeon to Addenbrooke’s Hospital, and Additional Ervaminer in
Surgery, University of Cambridge.

I PROPOSE to describe a diseased condition, which, owing to its rarity,
and to its resemblance to other allied and well-known diseases, has
hitherto been regarded as a variety of that great class—the rheumatic
diseases.

From time to time during the present century a few cases have
been observed and deseribed in Europe and in America ; but these
cases have been regarded either as curiosities or as peculiar instances
of chronie rheumatism, of rheunmatic gout, or of gout itself. In such
cases the joints become stiff, and this stiffening may end in rigidity,
almost every joint in the body being involved, when the term universal
ankylosis is, indeed, an appropriate one.

Some five or six years ago I was invited by Mr. Balding of Royston
to see & man whom he has had under his care, on and off, for many years.
This man, whose case is the first herein described, has suffered for a
long period, indeed for the greater part of his life, from bony ankylosis
of all the chief joints of his body ; and now his skeleton forms almost
one solid piece of bone, almost all the joints being stiff and rigid.

Since, I have had the opportunity of observing and noting the pro-
gress of three other cases which, I think, are of interest, and which
will serve to illustrate the disease as to its different types, its progress,
and its termination.

Not only has this malady a distinetive clinical course, but it has
also a distinetive morbid anatomy, the joints attacked being affected in a
manner different from that seen in already described and known joint
diseases.

Arthritis ossificans, as 1 would call this disease, is characterised by
one essential feature, namely, that the joints attacked—it is true, not
quite without exception—become obliterated, and the articular ends of
the bones grow together: in short, the bones forming the affected
joints become fused with one another, so that the cancellous tissue of
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the one becomes directly continuous with that of the other, without
any trace of separation across what was originally the joint cavity.

This disease usually begins in the early years of adult life; the
ages at which the disease has been observed to commence, in the reported
cases, varying from 22 months to 34 years; the majority, however,
being attacked between the twentieth and thirtieth years,

It is more common in men than in women: out of 18 instances
4 only were in women.

It is slow in its progress, being subacute or chronie, and it takes
months, or even years, to involve and fix all, or, at any rate, the greater
number of the joints in the body. It does not, like acute rheuma-
tism, usually attack a number of joints simultaneously, but it involves
one joint first, then spreads, as it were, to other joints, often attacking
the joints of a limb in succession; for example, from the hand to the
shoulder. 1In the chronic cases it creeps on, involving the joints
insidiously, with the fixed purpose of obliterating their cavities and
causing union which may indeed be best spoken of as a fusion or
welding of the articular ends.

In one of the cases (Case 3), in which the disease ran a subacute
course, a pretty clear account of the mode of onset, progress, and end-
ing of the disease is given by the patient.

Eriefly, there occurs in the subacute form, swelling, fixation (a pro-
nounced feature), and pain in the joint. These symptoms persist for
some weeks, or even months; all the symptoms then gradually subside,
leaving the joint, usually without any deformity of the articular ends,
painless and fixed in the position in which it was kept during the
progress of the malady. When the joint first attacked is subsiding
and hecoming quiet, others, more or less in succession, are similarly
attacked, each passing through precisely the same phases.

In the chronic form no swelling whatever of the affected joints
usually occurs, but merely pain with increasing stiffness, leading on to
absolute fixation.

Cases are met with where almost the whole, if not the whole,
skeleton is thus joined into one rigid piece of bone: others in which
the spinal column is the chief, if not the only seat of disease. These
latter are already known under the name of spondylitis deformans,
first given to them by Bardeleben. There are others still, in which
the joints of the limbs only are involved, the disease being limited to
the appendicular skeleton, just as in the cases of so-called spondy-
litis deformans, the affection is often, though not always, confined to
the spinal column.

The morbid changes that take place in the joints during the pro-
aress of the disease in the subacute and in the chronic forms can only
as yet be surmised; but the mode in which the ankylosis takes place
in the chronic forms, and the state of the joint after the cessation of
the diseased process, may be gathered from specimens of multiple anky-
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losis in the hands and feet that are described in the preceding paper
upon “ Bony Ankylosis.” These morbid changes that oceur are, however,
slight in comparison with the effect produced. For the fixation of the
joints oceurs without destruetion and consequent deformity of the articular
ends ; so unlike in this respect, the results in tubercular and suppura-
tive diseases which are so frequently associated with destruction and
deformity of the joint-ends of the bones. Partial fixation of some of
the joints, especially the knee and the metacarpo-phalangeal joints, is,

however, liable to occur, though without destruction of the articulated
ends.

I give, in the first place, the description of the four cases I
have under observation; secondly, an account of two types of the
disease, which are well illustrated by two skeletons in the Musée
Dupuytren, photographs of which I have, through the kindness and
courtesy of Dr. Pilliet, the director, herein reproduced; thirdly, a
tabular form of the eases, hitherto reported under the titles * Universal
Ankylosis * and “ Spondylitis Deformans ™ ; and fourthly, remarks upon
the morbid anatomy, and upon the conditions under which the disease
shows itself.

Case 1.—T. B., Royston, et. 60 years, is a dark, healthy-looking but much
emaciated man; he lies on his back with his legs slightly drawn up and
his arms bent in front of his belly ; he is rigid from head to foot, and, in con-
sequence, quite helpless and ineapable of doing anything for himself, He is so
fixed that if one takes hold of one big toe and moves it from side to side the
head also moves, but in the opposite direction ; and he is, in consequence of
fixation of his chief joints, easily managed and readily shifted from the bed to
a chair by his sister who looks after him. He sits in the chair in a perfectly
immovable manner ; he is blind, very deaf, and incoherent and rambling in his
talk. His pulse is good; breathing natural ; his appetite moderate ; bowels
are now regular, though for many years past he suffered from constipation.
Micturition normal ; sleeps well for many hours day and night.

The skull, which iz of normal size, is fixed to the vertebral column, so that
it is not capable of being nodded ; and the spine is almost straight and quite
rigid from one end to the other. The lower jaw is distanced nearly a half
inch from the upper, and in this position it is firmly fixed, admitting of no
movement ; but it is sufficiently open to allow of the ingestion of such food
as minced meat, rice and milk puddings.

The ribs are rigidly fixed to the vertebrse behind, and in front to the
sternum by ossification of their cartilages, so that the chest is a rigid barrel,
and the respiration is purely abdominal. The right sterno-clavieular joint is
fixed and immovable, and the articular ends of the bones appear to be slightly
thickened and nodulated ; the left is slightly movable, admitting, so far as I
could determine, of a slight degree of cireumduction. Both shoulder joints
are firmly fixed ; and in each arm the humerus lies along the side of the chest.
The right elbow is fixed at a right angle, and all the bones are somewhat
thickened, their outlines being somewhat obscured ; the left elbow is fixed at an
angle of 120" to 130" ; in this, although there is hardly any thickening of the
articular ends, the different bones are ill defined. FEach forearm iz strongly
pronated. On both sides the radius and ulna, the carpal bones and the meta-
carpal bones, with the exception of the first and fifth on the left, are fixed
to one another in their natural straight position, and are perfectly rigid. Both
thumbs are bent inwards into the palm ; in the right the terminal phalanx is




UNIVERSAL BONY ANKYLOSIS. 471

not fixed to the proximal one; but in the left all the joints are fixed and immov-
able, with the exception of the metacarpal bone, which is not fixed to the trape-
zium. The index finger of the right hand is deflected to the ulnar side over the
remaining fingers which are flexed at the metacarpo-phalangeal joints, but hyper-
extended at the first and at the terminal phalangeal joints. In the right index
finger the first phalangeal joint is free, the terminal rigidly fixed. All
the phalangeal joints of the third and fourth fingers are fixed, but those of the
fifth are freely movable. The index finger of the left hand is sub-luxated
forwards at the metacarpo-phalangeal joint, and the first phalanx is much
shortened, but its joints are not fixed ; the third, fourth, and fifth fingers are
strongly deflected towards the ulnar side at their metacarpo-phalangeal joints
which are fixed ; and hyper-extended at the terminal joints which are movable.
The muscles which are in relation to the movable joints are almost inces-
santly thrown into contraction, and especially is this the case when the parts
are exposed to the air or handled. The left arm, owing to some circumductory
movement at the sterno-clavicular joint, is frequently moved ; the terminal
phalanx of the right thumb, and the thumb and the fingers of the left hand,
are likewise frequently moved. Both hip joints are fixed at an angle of 120°
or thereabouts ; both knees are closely approximated and bent to a right angle
and rigidly fixed, the outlines of the bones being well defined. The skin over
each patella is stretched, glazed and scabbed over, as if it had undergone
supertficial uleeration. Doth feet are rigid, all the bones of the tarsus and the
tibia and fibula being fixed to one another. There is some general thickening
about the feet and ankles, the outlines of the individual bones being thus quite
obscured. It is difficult to tell to what extent, if any, the metatarsal bones are
fixed to the distal row of the tarsus in the right foot, but they are certainly
fixed in the left. The left big toe is rigidly fixed to the first metatarsal
bone, and its terminal joint is hyper-extended and rigidly fixed. There
is some movement in the metatarso-phalangeal and in the inter-phalangeal
joints of the remaining toes, In the lower extremities, as in the upper, all
the joints that can be moved are frequently, if not incessantly, in motion
when exposed.

History.—When 26 years of age he was quite well, and eapable of moving
about as other people, and was employed in London. Soon after this he came
home suffering from what was supposed to be subacute rheumatism in several
Joints, and with pain in and along his spinal column. At the same time he suffered
from an almost intractable gleety discharge, presumably a sequel to an attack
of gonorrhecea. The condition of the joints affected, so far as can be ascer-
tained, grew gradually and almost imperceptibly worse, yielding to no kind of
treatment. He was intelligent, fond of reading, and could use erutehes and
feed himself for at least 14 years ; after which time his arms became so fixed
and his fingers so distorted, that he could neither use a cruteh nor feed him-
self after many attempts at making ingenious mechanical contrivances. About
this time his sight began to fail. Sixteen years ago he suffered from an attack
of acute mania, from which he soon partially recovered, and in this state of
partial recovery he has ever since remained.

Cask 2 (Notes taken 12th August 1890).—-E. N, «t. 23, a small, slightly
bent, fair woman ; pale and puffy round eyelids. Tongue clean, appetite good,
bowels regular, and urine normal. Menstruation regular since Christmas, but
absent previous to that for nearly 2 years. At this time the patient was under
the care of Dr. Carver at Addenbrooke’s.

The right elbow is bent at an angle of 150°, and firmly fixed ; there is no
swelling or thickening, and the bony points can be easily felt. The left elbow
18 similarly bent at an angle of 140°, and fixed ; the bony points can with
difficulty be made out, because there iz some swelling. There is t
limitation of movement in the right shoulder, but no external evidence of di
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ease.  Doth forearms are pronated ; both wrists are slightly bent (flexed)
and i|lli1[‘ 1i};4'|], ]r1l[, |!H':|.'|||1c[ ]|g=i|:|:l_: |prnn|_i|u-:|1t on the |_]_|_|r:-a'|_l.||tr thl-_‘.' are
unaltered. The varpo-metacarpal joint of the richt thumb is swollen, and in it
there is dry erackling on movement, which is very limited. The movements
in the metacarpo-phalangeal joints of the four inner digits are limited, and are
accompanied by dry and loud crackling noizes. The first inter-phalangeal joint
of the middle finger 1z swollen ; and on movement, which is restricted, there is

Fig. 1.—Taken from a photograph of E. N., January 1896,

dry ecrackling. In the left hand the metacarpo-phalangeal joint of the thumhb
18 fixed ; the first inter-phalangeal joints of the fingers are swollen to a fusiform
shape, and their movements, which are very limited, are accompanied by dry,
crackling noises, The knees are slightly swollen, but movements are free.
The tarsus of each foot, which iz well arched, is fixed and rigid. Dr. Carver
-;'It‘I.L"I]'I|F[4'1] to obtain movement in the elbows, but 1'1]]}' succeeded in hl'!llciil'n_'_:'
them, and thus improving their condition ; while doing this, both elbows were
]||'11-'|-u’-r|:l the union ]Jr:jn::_,r hmll'.',

Gth Januwary 1896.—The same patient 51 years later.

GGeneral health ;{-nu[. Right shoulder joint 15I']L]]:~' fixed. The humerus
united to the seapula ; no thickening in or around joint. Both elbows firmly
fixed (humero-ulnar and radio-ulnar joints) at right angles. Forearms in semi-
prone position. Both wrists also fixed—the carpus as one bone united to

1

radius and ulna.! The second and third metacarpal bones of left hand firmly

1A r-:qi:l_'.:l-ljnh taken recently shows that there is complete fosion of the carpal bones with

themselves, with the radius and with the metacarpal bones.
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united to carpus ; the carpo-metacarpal joint of thumb on same hand remains
swelled, with limited grating movements ; the first inter-phalangeal joint of
index—the first joint affected—firmly fixed, admitting of no movement. In
the right hand the first, second, and third metacarpal bones are firmly united
to the fused and immovable carpus ; and the first inter-phalangeal joint of the
middle finger is swelled—the ends of the bones being large, and movements
very limited. :

In the spine the dorsal curve is exaggerated, but all the movements are
present, though limited.

In the lower extremities the hip, knee, and ankle joints admit of some move-
ment ; but in the ankles it is often accompanied by dry erackling noises. In
both feet the tarsal bones are fixed, and form, as in the earpus of each hand,
one rigid bone, it being impossible to distinguish the outlines of the individual
bones in either foot. In the left foot the first, second, third, and fourth meta-
tarsal bones are rigidly united to the tarsal bones with which they articulate ;
and in the right the first, second, and third are similarly fixed, the fourth and
fifth retaining their natural free movement.

History.—Two years before admission into Hospital (1888) she eaught a
severe cold, which was soon followed by a painful swelling of the first inter-
phalangeal joint of the left index finger ; after a time the pain ceased, and the
swelling gradually diminished, leaving the joint stiff and immovable. Soon
other joints became similarly affected, the wrists, the elbows, and the right
shoulder, the left escaping. FEach joint passed through exactly the same
stages as the first inter-phalangeal joint of the left index finger, and almost
every joint attacked, after some 3 or 4 months, quietly =ettled down and
became rigidly fixed. After a year or so, both feet became swollen and
very painful, rendering walking about quite impossible; and they, like-
wise, in their turn quieted down, both the swelling and the pain disappear-
ing together, until at last she could again walk on them, as she does now,
with comfort and ease. During all this time—a period of about 18 months
—there was no appearance of the menses; but on the subsidence of active
changes in the joints, this was re-established, and has been going on regularly
ever since.

She says other joints besides those now fixed were at first affected, such, for
example, as the temporo-maxillary joints, but these, with a few others,
have recovered and escaped fixation.

Father and mother alive and well. Has 9 brothers and sisters; one
brother, 22 years (1826), suffered from rheumatic fever at the age of 19 years;
all the others quite well, Maternal grandfather is the only other relation
known to have suffered from rheumatic affections.

Case 3.—E. S., 35 years, single, dressmaker, residing in Cambridge. She
is fair, and moderately strong; tongue clean; appetite very small; digestion
very indifferent, and there is troublesome constipation. Pulse quick and weak.
Ereathing, which is chiefly abdominal, is heavy and difficult on slight exertion ;
no cough. Requires but little sleep. Her back is strongly bent backwards,
o that the cervical, dorsal, and lumbar regions form one single curve, most
pronounced in the upper dorsal region ; there is slight lateral curvature to the
left in the lower portion of the lumbar part. The entire column, thus curved
and slightly bent laterally, is rigidly fixed from one end to the other, any
attempt at bending or rotating the spine being followed by ineffectual but
easily observed contraction of the museles that would be called into action
to produee the given movement. Such muscles can be very elearly demon-
strated in this condition. The head is carried on a projecting, almost
horizontal, cervical spine, and it iz not fixed to the spine, the nodding
movement being present but very limited. The ribs are not fixed to the
column, as they can be raised in deep inspiration. All the other articula-
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tions, those of the lower jaw with the skull, and those in the limbs, are
perfectly free and natural, showing no signs whatever of becoming fixed.
In short, the spine only is fixed; at the same time it is much curved.
Associated with this curvature and fixation of the back is a troublesome
form of dyspepsia and constipation.

. History.—Between 22 and 23 years of age, while working as a dressmaker
in London and using the sewing-machine for many hours a day, she thinks
she eaught cold from often having damp and cold feet—the eold, she thinks,
settled in her neck. She says that the back of the neck swelled, and
became painful and stiff very soon after. This trouble gradually grew worse,
and, in consequence, after a period of about 3 years, she had to give up her
employment and return home. In 1889 she was under the care of the late
Sir George Humphry at Addenbrooke’s. At this time nothing much eould
be made out in her neck, except pain and stiffness, without any clear
signs of actual disease. Nothing seemed to do her any good. Latterly
her back has become more and more bent, and she thinks it is still getting
worse. After much standing, sitting, or walking the whole back begins

to ache. The condition has reached its present stage very slowly and
insidiously,

Case 4.—DMrs, M.,1 36 years, widow, with two children, residing at Peter-
borough ; now under the eare of Dr. Walker, to whom I am indebted for
the opportunity of having seen the patient. A dark, healthy-looking woman ;
tongue clean; appetite good and howels regular; no cough ; does not sleep
well ; urine normal. She lies on her back, with her body rigid, head fixed,
and the knees drawn up. Often has great pain in the lower part of the back
and in the joints that are becoming stiff.

The vertebral column iz rigid from end to end; the head is fixed to the
column, so that there is neither rotatory nor nodding movement. The mouth
can only be opened to the extent of barely half an inch. The chest is rigid,
and the breathing, even when of a forced character, is almost entirely
abdominal. The right sterno-clavicular joint is rigidly fixed, admitting of no
movement ; the left, on the contrary, allows of free movement. The joints of
the hands and arms are natural, with the exception perhaps of the right
shoulder which is dry and ereaks on movement. The right hip is slightly
flexed and fixed, whether absolutely or not is difficult to determine. The
right knee, which, owing to the flexion of the hip is necessarily kept in a bent
state, is sometimes very stiff and painful. The right ankle and the joints of
the foot are natural. The left hip is flexed and fixed, but I think there is still
some movement in the joint. The left knee is in the same state as the right,
that is, at times stiff and painful. The joints of the left ankle and foot are
natural.

History.—Thirteen years ago, when 23 years of age, she suffered from
pains in the back, which were conszidered to be lumbago and sciatica. These
pains kept getting worse. Eight years ago she lost her husband, and, in conse-
quence, took a small business in hand at which she worked very hard. Seven
years ago her neck became stiff, and this she attributed to putting her hair up
and eatching cold from its exposure. The back then got stiff, and she gradu-
ally got worse. Three years ago, when Dr. Walker exhibited the case, befare
a meeting of the Cambridgeshire and Huntingdonshire branch of the British
Medical Association, the back was rigid and the head fixed ; but she could
walk, though very bent, the bending being chiefly at the hip joints. Eighteen
months ago the right hip got stiff and very painful, and about 6 months ago,
the left hip became similarly affected. Power was lost in the right arm a year
or two ago, owing, doubtless, to fixation of the sterno-elavicular joint, in which
she had no pain. Thus almost all the joints affected became stiff and painful

1 Notez of this ease were taken in Jannary 1896,
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without any swelling, and gradually the movement in them became less and
less.

Family history.—Father died at 72 ; mother at 38, One brother alive and
well ; two sisters; the eldest died about a year ago from carcinoma of the
pylorus. No history of rheumatism, gout, or tubercle in the family.

Two SkeLEToxs 15 THE MUusée DUruyTREN.

CasE 1 (reported by Perey).—This is the case of an officer in the French
army who had served in three campaigns. At the age of 25 years he had an
attack of gonorrheea, having previously suffered from gout in the big toe. For
some years gout and ophthalmia occurred alternately ; otherwise he was quite
well. At 34 (1786) several of his joints were attacked simultaneously, those
of the feet, knees, and hips. After this the remaining joints in his body
became stiff and rigid. At the age of 50 years he died, having subsisted on
fluid nourishment for some years. The deseriptive account of his skeleton,
which was given by Percy to the Muscée Dupuytren, is as follows :—

Translation of the Deseription given in the Catalogue of the Specimens in
the Musée Dupnytren by Houel,

No. 715.—A skeleton, in which almost all the joints are ankylosed, with
the exception of the right humero-radial and the right hip.

Head.—The sagittal suture is almost entirely obliterated. The temporo-
maxillary articulations are fixed, and the occipital bone is fused to the first
vertebra.

Vertebral column.—The vertebral column, which is straighter than natural,
is slightly curved laterally, especially in the lumbar region. All the vertebrae
are united by their bodies and by their articular processes. The fusion is
less complete between the bodies of the sixth and seventh cervical, between
the seventh and eighth dorsal, and between the fourth and fifth lumbar
vertebrae.

All the ribs are fused with the vertebre, and the first ribs are ankylosed
in front with the sternum. The sternum forms one piece, and the xiphoid
cartilage is ossified, and so are some of the costal cartila

(Mavicle.—The inner ends of the clavicle are united to the sternum, and to
the first rib. The outer ends are united to the acromion, but the coraco-
clavicular ligaments are not ossified. :

Upper extremities.—The upper ends of the humeri are ankylosed to the
scapul® in such a manner that the arms are strongly abducted and distanced
from the sides.

Both elbows are ankylosed, but on the right side the humero-radial joint is
free. The forearms on each side are pronated. The carpal bones are fused
with one another, and to the radius on each side.

On the right side the first phalanges are luxated forwards upon the meta-
carpals, the second are hyper-extended upon the first, and the terminal joints
are flexed and fixed.

On the left side all the first phalanges are luxated forward and deviated
to the ulnar side upon the metacarpals.

Some of the phalangeal joints are fixed, but not sensibly deviated.

Lower exfremities.—The sacro-vertebral (iliac?) joints are ankylosed, and
=0 is the inter-pubic; and the pubis is covered with spicules of bone from
ossification in the attached tendons. The left hip joint is ankylosed,
but the right is free, the head of the femur being worn, and received into
a large acetabulum. The knee joints are sub-luxated, and fixed at a right
angle,

gT]1l3 patelle are fixed to the external condyle of the femur on each side.
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Lhe superior tibio-fibular joints are ankvlozed. the lower are free. The ankle
joints on both sides are fixed.

The disposition of the os caleis is remarkable, in that its hinder extremity

iz lowered, the ante

and the foot pointed.

{The feet are 1n a p

ror
rior

Fia. 2.—From a photograph of skeleton, No. 715, Musde Dupuytren. Right leg is, owing

i ] = : Y = e
to subluxation and flexion at the knes, apparéntly much shortened

raised, and the anterior part of the foot iz depressed

[n consequence, the arch of the foot is much increass d.

1o of shicht eguino-varus. )
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rezents a considerable deformity of the vertebral column ; there exist thred

.
lateral curves. The eranium, which is normal, is ankylosed to th
::::-i_ ‘,E_l' --|.|_-.l]_l,1.lil:, DroeesEs 15 :I-'-*l='..|l"'.:.

The verfelral column shows first, from above downwar
posterior curve, with its convexity forw

:
1
|
. £ ¥ e : L T the
ards, extending from the first to th

seventh ecervical wvertebra: these i rtebre are iIZ::x_'- loged to

FiG, 3.—From a photograph of specimen, No. 718, in

their bodies, articular processes, and lamin®, In t
he .':I:\_'l\. loziz between the bodiesz incomplete,

The dorsal :'---?.:inll shows two curves. The one cervico-ds ‘-'--l], with its con
vexity to the left, includes the two last cervical and the

e first seven dorsal
vertebrse,  All these vertebre are ankylosed to one another by their bodies,
articular processes, and laminge, The fusion is less pronounced on the convex
than on the concave side of s 10T T |

1 1 v s
| irve. [he other curve, dorso-lnmbar, has its
convexity to the mght, and mvolves the remainder of the column down to the

sacrum. All the vertebrs are fused to one another. [In short, the spinal

eolumn is bent antero-posteriorly as well as laterally, |
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All the ribs are fixed in variable degrees of inclination on both sides ;
ankylosis is complete between their heads and the bodies of the vertebre, also
between their tubercles and the transverse processes. The sternum forms one

single piece of bone. The sacro-iliac joints are ankylosed; so also is the
symphysis pubis,

The right hip-joint is also ankylosed, The left acetabulum is enlarged, and
shows some of the changes seen in osteo-arthritis.] )

There are two other skeletons showing universal ankylosis in the
Musée Dupuytren. They, however, only show changes similar to those
deseribed in detail above. Of the one described by Professor Breschet
there is no history of any kind ; the other is the skeleton of an aged
WOITLEI.

From the account of the cases observed by myself, and from the
table of those previously reported by others (see pp. 478, 479), there
can hardly avise any doubt but that the disease, hitherto regarded as
spondylitis deformans, is in nature identical with that which I propose
to call Arthritis Ossificans, and which has been known as Universal
Ankylosis, ete.  These two separate forms occur at the same period
of life, and each runs a similar course.

In the so-called spondylitis deformans we find that the spinal
column may undergo, during the progress of the disease, remarkable
changes in its curves. The normal antero-posterior curve may become
greatly exaggerated, especially in the cervico-dorsal region, and in
addition a lateral curve of a more or less pronounced degree may arise.
These marked changes in the curves of the spine are found to be
mainly dependent upon the fact that the person, so long as the disease
is confined to the column, is able to go about and attend to his or her
duties.

In Case 3 this deformity is well developed, the scoliosis as well
as the kyphosis being pronounced; and in Fig 3, taken from a
specimen in the Musée Dupuytren, these changes in the column are
well illustrated. The spine even, if the person lies in the recumbent
position, is liable to undergo some slight changes in its curves; for it
becomes straighter with the head and neck held forwards, the
effect of placing the head on a raised pillow; and there may le, as in
Fig. 2, from another skeleton in the Musée Dupuytren, a slight lateral
curve in the dorsal region. The deformity of the spine in the main,
therefore, depends upon the habits of the patient. If he or she be
able to go about, the deformity is liable to be great, if compelled to lie
in the recumbent position it will be but slight.

The relation between this so-called spondylitis deformans and the
kyphotic changes that arise in elderly people is probably a close one.
In elderly people the spinal curvatures are doubtless, in many
instances, the result of failure in muscular strength to maintain the
column in its proper curves; but in a few cases it would seem that
some painful structural changes in the spine precede the deformity
and subsequent rigidity ; in other words, the deformity seems, in these
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latter, to be dependent upon arthritic changes in the various vertebral
joints. As these arthritic changes usually lead to obliteration and
hony ankylosis of the joints, and as ossification into the interosseous
ligaments also occurs, it is more than probable that this affection in
elderly people is more closely allied to arthritis ossificans than to
arthritis deformans, rheumatoid, or osteo-arthritis.

In Case 4 and in the skeleton, Fig. 3, one or more joints in the
appendicular skeleton are ankylosed, showing that the disease may in
some instances, where it starts in the spine, spread to the joints of the
limbes.

In Case 2 the disease is as yet confined to the joints of the upper
extremities and of the feet, the spine remaining free.

Just as a group of joints may be involved, so I presume single
joints may be; and as the disease may cease after attacking several
joints, so it may be reasonably supposed to cease after attacking one
only. In this manner we may account for the frequency with which
specimens of osseous ankylosis of the carpal bones belonging to this
type are to be found in different collections of morbid specimens.

Morbid anatomy.—As I have before said, the exact changes which
take place in the subacute form have never been observed, nor indeed
have those which take place in the chronic form, although the ultimate
result in each is known. We may, however, by analogy assume that
the structural changes to be seen in this disease are similar if not
identical with those that I have described in connection with an
ossifying arthritis of many joints in the hands and feet.

The conclusions arrived at from a study of such specimens is all I
need give here. For a fuller account, I must refer to my preceding
paper upon Bony Ankylosis.!

From the account given of the preceding specimens we may draw
the following conelusions :—

1. That the ossifying arthritis probably commeneces by the formation
of continuous but finely spiculated marginal growths of bone at the
articular margins of the bodies; these bony growths are not covered
by an extension of the articular cartilage as in rheumatoid arthritis
(lipping).

2. That these marginal ridges of bone grow towards one another,
and ultimately fuse, bridging over the joint cavity and binding the
bones firmly together.

3. That while these changes are taking place on the exterior of
the bones, the articular ends become approximated, owing to thinning
of the articular cartilage, which after a time completely disappears,
leaving the opposed bones to grow together and become united across
the joint cavity.

4. That when union has taken place across the joint cavity, and
it does so from the periphery central-wards, and when there is

U Journ of Path, and Bact., vol. iv. pp. 284-337,
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complete fusion of the two bones, then the external ridges of bone
tend to diminish and to ultimately disappear, leaving the external
surfaces of the bones pretty smooth and even.

9. That some articular surfaces become expanded and remarkably
pitted, without becoming dense and eburnated, and that opposed
surfaces are so changed that the pits of the one surface receive the
elevations of the other.

6. The thinning of the articular cartilage takes place by the
transformation of the most superficial layers, that is, at the free
surface, into a horizontally fibrillated tissue containing numerous cells
which doubtless cause ultimate absorption of the matrix, and then fall
free into the joint cavity, disintegrate and disappear.

7. Immediately beneath the articular cartilage undergoing the
above changes the bone is very dense, as it is in a slowly growing
part, and by its growth the joint cavity is doubtless encroached upon,
and then gradually obliterated; ultimately the two joint surfaces
coalesce, the dense tissue being in time replaced by cancellous bone.

It will be observed that in no particular does this joint affection
correspond with that seen in rheumatoid arthritis or in gout. It may,
however, be held that the marginal growths seen in this ossifying
arthritis are similar to the “lippings” in rheumatoid arthritis; but a
careful examination of the two changes will not fail, I think, to show
that the marginal growths that occur in the former disease arise
independently of the articular surfaces, and are not covered by
articular cartilage ; whereas in the latter (rheumatoid arthritis) the
“lipping ” is as it were a direct extension of the articular end of the
bone, the superjacent articular cartilage extending to an equal or
almost equal degree. Indeed, it may be said that in ossifying
arthritis the marginal growth of bone takes place into the surrounding
connective tissue,—ligaments especially,—and that, once they are
rendered rigid, the joints themselves tend to become obliterated.

Although it seems certain that the joint affection observed in these
cases is distinet from other known joint affections, such as rhenmatic
arthritis and gout, yet it must be borne in mind that it is allied to
these conditions, and that they may be found associated with it.

For example, in a case of arthritis ossificans, several joints may
show those changes which are regarded as typical of rhewmatoid
arthritis or, it may be, of those which are known as gout. What deter-
mines the development of arthritis ossificans in one joint, rhenmatoid
arthritis or gout in another, is at present beyond our knowledge.

The point I would most emphasise is that the condition herein
described as arthritis ossificans is distinet both clinically and patho-
logically from either rheumatoid arthyitis in its various forms and
ending in false ankylosis of different kinds, or the arthritis of gout with
and without fixation of the joints involved.
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