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growth of the globe, the enlargement of the vitreous and the
flattening out of the retina these adhesions become stretched
and elongated into fibres.

The above description of the way in which the zonule of
Zinn develops not only throws light on some of the con-
genital abnormalities met with in connexion with the lens,
but also receives considerable support from its mode of
explaining them, Taking first the condition known as
coloboma lentis, an excellent résumé of the literature of
which malformation, to%ether with two new cases, has been
published by Dr. Heyl,! I cannot do better than quote the
passage in which he sums up : ‘‘From the preceding it may
then be seen that coloboma of the lens is a condition which
presents at the place of defect an edge, not rounded as in the
normal condition, but either straight in the horizontal direction
or incurved; that the amount of deficiency varies from a
slight indentation to about one-quarter of the lens substance,
the centre of the lens, its poles, and the lens substance in
the immediate vicinity being uninvolved ; that the lens some-
times, in addition to the defect, is imperfectly developed in
all its meridians ; that the deficiency is always in the inferior
half, and, almost without exception, entirely so; and, finally,
that coloboma of the other ocular structures frequently
coexists, but very frequently no trace of it can be found."’

Now, supposing the pars ciliaris refine failed to acquire
adhesions to the lens capsule in one part of its circumference,
it follows that the suspensory ligament would be absent in that
position ; and that as the eyeball enlarged that portion of the
capsule to which no suspensory ligament was attached would
not be held taut, and made to expand like the remainder.
Consequently there would be a depression in the lens in that
situation. The amount and shape of the deficiency wouald
depend on the extent of the defect in the suspensory liga-
ment. There would not, of course, be any alteration in the
nucleus or poles of the lens, for these are formed before the
influence of the suspensory ligament comes into play. The
most likely cause for the non-adhesion, and so for the
defect in the suspensory ligament, would be the absence of
the ciliary body or pars ciliaris retinee—in fact, coloboma of
the ciliary body. Dr. Heyl says that this condition does
frequently coexist with a defect in the lens, the defect being
in the situation of the feetal cleft. M, Marcus Gunn,?
regarding the condition of coloboma lentis from the clinical

1 Transactions of the Fifth International Ophthalmie Congress, p. 16.
2 Ophthalmic Review, vol. viii,, p. 234.
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spread in between the opaque part and the unaltered lens
substance, so that in an anterior polar cataract which has
existed for more than seven months a layer of cells is seen
between the opacity and the lens substance continuous with
those lining the capsule elsewhere. Later still—that is, after
several years—a layer of byaline capsule is found separating
the opacity from the lens substance in addition to the layer
of cells, so that at the margin of the opacity the hyaline
capsule seems to split into two divisions—one going in front
of it and the other, with a layer of cells lining it, bebind it.

Presumably the newly formed layer of capsule is a deposition
from the cells ; and if the capsule cells are in a pathological
condition capable of producing a layer of hyaline capsule it
seems reasonable to suppose that that structure is originally
formed by them. That the changes which give rise to
pyramidal cataract are situated beneath the hyaline capsule
was long ago pointed out by Stellwag von Carion, Miiller
Bucke, Bauer, Dixon, and Hulke. That occasionally a hyaline
layer is met with behind the opacity as well as in front of it
was mentioned by Becker, who considered that it had become
sglit off by the intrusion of new material into the substance
of the capsule. More recently B. Gepner, jun.,® as the result
of examination of two cataractous  lenses from fishes’
eyes, came to the conclusion that these hyaline layers
were not split off the original capsule, but freshly secreted
by the epithelial cells. This latter view of their origin
I am inclined, as I have said, to believe to be correct,
because in all the more recent anterior polar cataracts
which I have examined I find there is no distinct layer
separating the opaque part from the lens fibres. In those
of longer duration a layer of cells is observed between
them, which looks as if they had spread in from the unaltered
cells lining the capsule. In two lenses in which several years
had elapsed since the formation of the cataract, in front of
the layer of cells was the layer of hyaline capsule ; it was
thicker in the one of twenty-one years than in that of eleven
years’ duration. Also, because the hyaline layer behind the
opacity in one of the cases is a complete layer. I have
examined numerous sections of it, but have been unable to
find any gap in its continuity through which the intrusion of
new material could have taken place. It is sometimes
observed that when there is an opacity at the anterior pole
of the lens there is also a second opacity, a little depth in the
lens substance, separated from the anterior one by some clear
lens matter. I have notes of three such cases.

% Archiv fiir Ophthalmologie, Band xxxvi., p. 255.
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Inflammation of it, and need not necessarily be due to its per-
foration. Later in life the formation of anterior polar cataract
is less common, and it would then seem that perforation of the
cornea must occur before the lens can come into apposition
with it, Mr. Hutchinson’s objection to this theory may, I think,
be met in this way. The immediate result of the arrest of the
osmose of nutrient fluids through the capsule at the anterior
pole is to cause the lens fibres in that region to shrink and to
break upinto hyaline globules and granular detritus ; as a con-
sequence of their shrinking and degeneration, the tension of
the capsule at the anterior pole is lessened. There is evidence
to show that the only thing which keeps the epithelial cells
that line the capsule from proliferating more quickly than
they do is the tension to which they are exposed ; there-
fore, directly the tension at the anterior pole is lessened they
commence to multiply at an increased rate and form the
mase of cells which is the earliest stage of these opacities.

During the last few years the results of several investi-
gations of minute anatomy of zonular cataract have been
published. I have myself had seven lenses presenting
this form of cataract for microscopical examination. Before
entering into the changes I have found I will briefly review
what has been written on the subject. Von Griife!” and
Jager 1! found from section of lenses with zonular cataract
which had been removed by extraction that there was
an opaque whitish line separating a clear nucleus from a
clear cortex. Deutschmann!? was the first to examine a
zonular cataract microscopically. He found the nucleus and
cortex clear and unchanged, but that they were separated by
a zone in which the lens fibres were altered by the presence
of numerous vacuoles and small drops of myeline ; also that
there were fissures between the fibres filled with granular
detritus. The next observations into the microscopical
characters of zonular cataract were made almost simultane-
ously by Beselin ! in Germany and by Lawford'¢ in this
country. Beselin summarises the changes he found as
follows : ‘‘Scattered throughout the nucleus of the cata-
ract examined we find numerous small masses, which
are apparently post-mortem coagulation products. This
nuclens is surrounded by two oval zones of -cata-
ractous substance, neither complete nor continuous, which

10 Archiv fiir Ophthalmologie, Band i., p. 236.
1L Staar und Staar-operationen, 1854, p. 17.
12 Archiv fiir Ophthalmologie, Band xxxii. :
13 Archiv filr Augenheilkunde, Band xviii.
14 Royal London Ophthalmic Hospital Reports, vol. xii., p. 184.
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has altered in its physical properties so that it shrinks
. more rapidly than the subsequently formed cortical portion
is able to do, and clefts are thus produced in the lens.'’
Many regard zonular cataracts as really copgenital, and a
recent paper by Bernard Dub'7 brings forward evidence
in favour of this view. The table of measurements of fcetal
lenses I have put before you has been used by bim, together
with measurements of adult lenses by Priestley Smith, and a
series of measurements of lenses from the ages of ten months
to twelve years made by himself for the purpose of deter-
mining the time of life at which zonular cataracts originate.
To do this he has compared the measurements of the lens at
different ages with those of the opaque zones in a series of
gonular cataracts. His method of effecting the measurement
~ of these latter is very ingenious. It is described as follows :

“If the left eye be the one affected, a millimetre scale is
placed about the patient’s left temple behind the outer
canthus. The observer illuminates the fundus of the eye
by an ophthalmoscope held before his own right eye, and
keeps his left eye closed ; then, opening his left eye, he
gquints inwards, so as to fix the scale with the left eye,
while the right still observes the cataract against the red
background of the illuminated fundus. The position of the
scale is such that the homonomous diplopia thus evoked
makes the image of the cataract seen by the right eye
coincide with that of the scale seen by the left, and the only
thing further required is to make the correction necessary to
neutralise the enlargement produced by the magnifying power
of the patient’s cornea. Dub assumes this to be one-seventh (on
Helmholtz’s anthority), and corrects his figures accordingly.”
As the result of his measurements, he concludes that the
commonly received views that zonular cataracts begin in fhe
first two years or so of extra-uterine life, and that the
peripheral fibres are the parts affected, cannot both of them
be true. This paper gives in figures drawn from a series of
cases the views which were expressed by Mr. Hulke '® in his
Presidential Address to the Ophthalmological Society in 1886.
He then said: ** With reference to cataract in early life, it is
a question with some at what age the lamellar form makes
its appearance, or rather some excellent observers have
formed the opinion that it is infantile, not -:}Dngeuita.l. I am
not convinced by the arguments used by the [supporters of
infantile origin. The opaque zones are clearly laid down

17 Ibid., Band xxxvii.,g:;. 26. 3
18 Transactions of the Ophthalmological Society, vol. vii., p. 21.






18

the result of some general disturbance of nutrition the lens
might become affected after birth, so that the nucleus, which
is furthest removed from the nutrient supply, would shrink.
Shrinking of the nucleus is what seems to occur first in the
formation of =zonular cataract, fissures, vacuolation, and
degeneration following between it and the cortical layers
from which it contracts. (In support of this view the lecturer
mentioned several cases in which zonular cataract had
occurred as the result of what may be called purely intra-
ocular causes.)

There seems no evidence of any connexion between zonular
cataract and congenital syphilis. The defective condition of
the enamel of the teeth so frequently associated with the
former is, as Mr. Hutchinson pointed out, quite different from
the notched screwdriver condition found in the latter disease.
Mr, Hutchinson '® differs from Horner in attributing zonular
cataract and defect of the enamel of the teeth to rickets ; he
considers the latter more probably due to a stomatitis {rom the
administration of mercurial powders given for fits. He says :
“In reference to the suggestion of the Zurich investiga-
tors that the peculiarities of the teeth, in the skull bones
and in the general development, are all due to rickets, I
must be allowed to say that it is as yet wholly unproved.
I am not aware that any author has described what are
so freely spoken of as ‘rachitic teeth,” if that term be
applied, as it is by Dr. Davidson, to the permanent set.
Professor Vogel of Dorpat, in reference to the effects of
rickets on the teeth, says that, ‘as the disease disappears
before the second dentition commences, these phenomena are
not observed in the permanent teeth.’ Yet it is upon the
state of the permanent teeth almost solely that the diagnosis
of rickets in the Zurich clinigue is based ; for in only 4 per
cent., did Professor Horner find evidence of rachitic mal-
formation in the extremities. The irregular formation of the
skull, defects in symmetry of the face, and mental peculiari-
ties when present are perhaps quite as easily explained by
reference to the attacks of convulsions as by the hypothesis
of rickets.”” Though, as Mr. Hutchinson says, it is not
proved that rickets affects the permanent teeth, still it is
very possible that it may do so. The germ of all the enamel
organs of the permanent set are present at birth, and just
those teeth which are most frequently affected—namely, the
first molars, the incisors, and the canines—are the ones in
which calcification commences during the first two years of
life—i.e., at the time of the initiatory stage of rickets.

1# Brit. Med. Jeur., vol. i,, p. 308.
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ing, and appears to be due to a shrinking of the iris, which
ensues from the pressure of its root against the periphery of
the cornea. The shrinking affects the anterior part of the
jris more than the posterior, consequently the latter gets
drawn round. It is not uncommon to find the ectropion of
the uvea more in one part of the circumference of the pupil
than in another. In such cases the iris is most shrunken
where the ectropion is most marked, and where the root of
the iris is most firmly adherent to the periphery of the cornea.
The shrinking of the iris more in one part than another is
rendered evident by an eccentric position of the pupil. As
the result of these observations we may formulate the follow-
ing rule, which is of some practical utility in operating for
glaucoma—that when in a case of glancoma the pupil is
eccentric, and there is ectropion of the uvea, the iris is likely
to be less adherent to the ?ﬁphem of the cormea, in the
position opposite to that to which the pupil is displaced, and
where the ectropion of the uvea is most marked than else-
where. This is, therefore, the most favourable position in
which to do an iridectomy in order to remove the iris up to
its extreme periphery.

Ectropion of the uveal pigment, besides occurring as the
result of glaucoma, is sometimes also a congenital condition,
and may give rise to a raised pigment nodule at the
pupillary border. The arrangement of the pigment epithe-
lium at the pupillary margin of the iris of a horse is very
peculiar. The pupil of the horse is oval in shape, and project-
ing from its margin on one side is an irregular, nodulated,
deeply pigmented mass, continuous with the uveal pigment
layers on its posterior surface. In the eyes I have dissected
this mass measured on an average 8 mm. in length, 3 mm. in
width, and 3-5mm. in height. In unbleached sections of it
little can be made out of the arrangement or shape of the
cells of which it is composed. It is very cavernous, and
bloodvessels are seen coursing through it, continued on from
those in the stroma of the iris. Bleached sections show the
mass to be made up of flattened epithelial cells, which line
and form columns between the numerous and variously sized
circular spaces in it. Bleached sections of the human eye
show that the pigment epithelial layer from the optic disc up
to the ora serrata consists of but a single row of cells. In
the ciliary body, protruding from this layer towards the ciliary
muscle, are numerous little processes or down-growths, each
consisting of a group of cells. These down-growths vary in
number and shape in different portions of the ciliary body.
The two parts where they are most numerous are just in
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centesis. As a resnlt of these changes in the com-
position of the aqueous it becomes slightly turbid, which
turbidity produces an alteration in the colour of the
iris. 'This latter is not at first affected, and there is
no tendency to the formation of synechiz until in the later
stages, when it has become secondarily involved. The
vitreous is early noticed to contain flocculi. The course of
the disease, as in all catarrhs, is very variable, and there is
great tendency to relapses. Severe cases end in disor
tion of the structures which receive their nutrient flnid from
these glands. Thus the vitreous shrinks, the lens becomes
cataractous, and a condition of phthisis bulbi results. The
histological appearances of sections from eyes affected with
so-called serous iritis are quite in keeping with this theory
of its pathology. There is some increase in the size of the
glands, some irregularity and proliferation of their epithe-
linum, enlargement of the bloodvessels in their vicinity, and
a variable amount of round-celled infiltration about them. At
the stage in the disease at which eyes are usually obtained
for histological examination inflammation is not confined to
the ciliary body, but has spread throughout the uveal tract.
In the eye of a boy aged nine years, in whom the symptoms
of this disease followed a wound from a knife, which
was excised eighteen days after the injury, 1 found con-
siderable cell accumulation between the ciliary muscle and
the pigment epithelium, just in the region where these glands
are situated. The dotted opacities on the back of the cornea
are frequently spoken of as tkeratitis punctata,’’ a term
which is of course inappropriate if this theory of their forma-
tion be correct, for they are not caused by an inflammation of
the cornea but are deposits of inflammatory products on its
posterior surface. In teased specimens of these deposits,
besides round cells, pigment epithelial cells similar to those
in the tubular down-growths of the ciliary body are occasion-
ally found. The term «¢ Descemetitis’’ for the condition in
which these opacities are found is also inaccurate. I have a
section of a cornea with dotted opacities on its posterior
gurface in which the endothelium lining Descemet’s membrane
can be traced continuous and unaltered in front of the accu-
mulations of round cells. It is interesting to notice how a
supposed analogy between the aqueous chamber and the
large serous sacs of the body, such as the peritoneum and
leura, led to what for the patient must have been a very
isagreeable form of treatment—viz., the internal administra-
tion of the oil of turpentine. Wardrop, Jacob of Dublin, and
others thought the aqueous chamber to be a closed sac lined
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chamber, where an accumulation is seen at the lower part,
constituting a hypopion. When inflammation of the ciliary
body is of a plastic character the inflammatory bodies
effused into the vitreous organise into fibrous tissue, and a
band of fibrous tissue forms behind the lens across the ciliary
region. This is spoken of as a cyclitic membrane ; to it
the detached retina is frequently adberent. In such cases
there is often considerable overgrowth of the pigment epi-
thelium of the ciliary body. This overgrowth presents a
characteristic arrangement of its cells in the form of cylin-
drical gland-like tubes, Just as in chronic inflammation
of other glandular surfaces hyperplasia of the glandular
structure occurs, so here. I cannot do better than quote
a description of this condition which has been given by
Alt,® and with which my own cbservations quite coincide.
Speaking of plastic cyelitis and cyclitic membranes, he says :
¢i Meanwhile the cells of the uveal layer have also undergone
proliferation. The whole layer appears very much thickened,
and grows into the cyclitic membrane in an irregular way. We
also observe, however, frequently a more typical kind of pro-
liferation of the cells of the uveal layer in the shape of cylin-
drical tubes, which grow into the cyclitic membrane and give
off branches. In longitudinal and transverse sections these
tubes appear like the glandule tubulosz, or the epithelial
cylinders of epithelioma. The cells of these tubes are
either free of pigment or pigmented. Their shape and
arrangement with their branches have given some writers
(Schieff-Gemusens) the idea that they were bloodvessels
whose walls were filled with pigment, Specimens in which
the bloodvessels have been injected with a coloured fluid,
however, plainly show that they are different from blood-
vessels. They appear, as stated, just like glands or epithe-
lioma cylinders. Not all the cells originating by proliferation
from the uveal layer are pigmented, and [ am even convinced
that the young cells of this layer are at first always un-
pigmented and form their pigment only later on. For
this reason we find in cyclitic membrane the same tubular
formations without any pigment at all, which can nearly
always be traced backwards to a pigmented cell tube or the
uveal layer itself.” He gives woodcuts showing these
cylindrical tubes.

[t is by no means uncommon to meet with cystic spaces in
the region of the ciliary body in eyes affected with very
different diseases. Many of these spaces are due to the

6 Lectures on the Human Eye, p. 106,
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the growth as endothelial and epithelial cancer. Amongst
the specimens preserved in the laboratory of the Royal London
Ophthalmic Hospital, Moorfields, [ found an eye removed from
a woman aged sixty-three years, who twenty-five years pre-
viously had had a severe blow on it from a fist, and two years
subsequently had found that it was blind. It gave her no
trouble until nine weeks previons to enucleation, when
pain and inflammation set in. Except for the eye trouble
she was in good health, and continued so for twenty-
three months after its removal ; since that time she has
changed her address, and [ have been unable to trace her.
The eye contained a growth which was partially deeply pig-
mented, and sprang from the ciliary processes, invading the
ciliary muscle and root of the iris. It was originally described
as a sarcoma which had undergone mucoid degeneration.
It was afterwards re-examined and shown by Mr. Solly
at a meeting of the Pathological Society of London on
April 15th, 1891, as ‘‘a melanotic growth from the eye which
appeared to be epithelial.”” Ihave cut some more sections
from this tumour and bleached them ; there can be no doubt
of the epithelial character of the cells. In some parts of the
tumour they have undergone colloid degeneration; while
in others, especially towards its base, which is the most
pigmented part, they are grouped in parallel columns,
cut in varions directions. This growth I regard as a
melanotic glandular carcinoma. As melanotic carcinoma
is practically unknown in other parts of the body and
it is extremely unlikely that a primary non-pigmented growth
would give rise to a secondary deeply pigmented one, and
as the patient made no complaint of any other growth during
the two years she was under observation, I think there can
be no doubt that the tumour was a primary one of the
ciliary body. In March, 1893, Messrs. Badal and Lagrange**
recorded a case which they described as a primary carcinoma
of the ciliary body. The patient under their care was a boy
aged eight years. A peculiar appearance was noticed in his
left eye soon after birth. When about five years old it
became quite blind, and shortly afterwards commenced to
enlarge. At the time of excision it was injected, there was
a staphylomatous condition in the ciliary region, and by
oblique illumination & rose-coloured reflex was obtained. A
year after excision the child was in good health, and there
was no sign of recurrence. Pathological examination revealed
a new growth confined to the ciliary region and consisting of

11 Archives d'Ophthalmologie, 1892.
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