
7The following pages of Plates
are to illustrate the paper on

" Some Concussion Changes met
with in Military Practice,"
by Sir William Lister.
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PLATE I.-CONCUSSION CHANGES.
Severe concussion changes due to the passage of a missile tbrough the

lower and outer side of the orbit. The changes were peripheral and also
at the macuilar region separated by a band of unimpaired retina.
Plate I shows condition seen soon after injury with numerous retinal
haemorrhages.
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PLATE II.
Drawn some weeks later from the same case, showing fibrous

tissue development in the retina. Field shows definite separation of
the peripheral and central defects.
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PLATE V.
Drawing showing the course of a penetrating foreign

body which passed through the cornea, iris, lens, vitreous
and came to rest at the optic disc. There was an adherent
leucoma, a hole in the iris, an opaque track through the lens,
a fibrous band passing from the back of the lens to the optic
disc. The disc is covered by a mass of fibrous tissue through
which the retinal vessels emerge. See also Fig 33.
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FIG. 1.

FIG. 2.
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FIG. 3.

0t-
-Ivto

FIG. 4.
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FIG. 5

FIG. 6.
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FIG. 7.
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FIG. 9.

FIG. 10.
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FIG. 13.
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FIG. 15.

FIG. 16.
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FIG. 17.

FIG. 18.
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FIG. 19.

-m%%I .. . ......NO=

FIG. 20.

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.8.7.i1 on 1 July 1924. D

ow
nloaded from

 

http://bjo.bmj.com/


FIG. 21

FIG. 22.
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FIG. 25.

FIG. 26.
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FIG. 27.

FIG. 28.
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FIG. 29.

FIG. 30.

Penetrating foreign body. Supposed track of foreign body.
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R GHT.

FIG. 33.
The field of vision shows a large cenitral scotoma and peripherv conltraction,
betweeni which has been left a inearlv circuilar riing field. See also Plate V.

FIicI 2d .
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THE BRITISH JOURNAL
OF

OPHTHALMOLOGY
JULY, 1924

COMMUNICATIONS

SOME CONCUSSION CHANGES MET WITH IN
MILITARY PRACTICE*

BY

SIR WILLIAM LISTER
LONDON

IN seeking for a subject for my address I have chosen certain of
the concussion changes in the eye which, for the most part, are
seldom seen apart from military practice.
With regard to the illustrations, I wish to acknowledge my

indebtedness to the Committee of Medical Research for kindly
allowing me to use some ophthalmoscopic drawings made for them
by Mr. A. K. Maxwell under my supervision; other ophthalmo-
scopic drawings were made by M1r. A. W. Head.
My remarks will be divided under the following headings:
(1) Ruptures of the sclera.
(2) Concussion changes of the iris and ciliary body.
(3) Concussion changes in the retina and optic nerve.
(4) Evulsion of the optic nerve.
(5) The effects of foreign bodies striking the retina.

Rupture of the Sclera
I will take first ruptures of the sclera, a subject I dealt with in

a lecture at the Royal College of-Surgeons, the illustrations for
which have never been published.

* The main part of this paper was read at a meeting of the American Acad&my of
Ophthalmology and Oto-laryngology at Washington in 1923.
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THE BRITrSH JOURNAL OF OPHTHALMOLOGY

In civil life, it is well known that by far the greater number of
ruptures of the sclera are concentric with the cornea, and take
place either immediately above, or above and on the inner side,
about 3 mm. from the limbus.

In military practice, on the other hand, though similar injuries
may be seen, other very different ruptures are met with; for
example, the cornea may be burst forwards, or we find equatorial
ruptures, or the whole sclera inay be split into lobes.

In summarizing our experience of ruptures of the sclera, we
find that we have two main groups, according to whether the
nissile has or has not penetrated the globe.

WVe will first consider the ruptures of the eye caused by a
penetrating missile.
The elasticity of the sclera will accommodate the entry of small

particles without rupture. When, however, the fragment is of such
a size and has such velocity that the united effect of the increase
in volume caused by the entry of the body, together with the
distending force of the pressure -wave set up by its impact, is
sufficient to overcome the elasticity of the supporting coat, wide-
spread ruptures occur.
When a sufficiently large foreign body passes through the back

of the eye, the cornea is shot forwards and the contents ejected;
an effect comparable with that produced by firing a bullet through
a canister full of water, when both the lid and the water are shot
upwards. Fig. 1 shows an almost complete tearing away of the
cornea due to a fragment passing through the posterior part of
the globe and orbit.
When, however, such a fragment enters the front of the eye,

there is an explosive effect, and the sclera is split into numerous
lobes by radial ruptures which extend backwards from the point
of entrance, in some instances as far as the optic nerve, so that
when the sclera is removed, it resembles the calyx of a flower.
The following two specimens illustrate this form of rupture:

Fig. 2 shows the effect of the passage of a small particle
right through the eye into the orbit. The sclera is seen
split into. numerous leaves, the lines of cleavage radiating out
from the point of entrance.

Fig. 3 shows the result of large splinters of wood driven
into the eye, splitting the sclera into two halves.
When the sclera is not perforated by the missile, the rupture

does not start from the point of impact, but occurs at some con-
siderable distance from it.

Rauber found, when investigating the effects of blows on
hollow spheres, that the resistance of the envelope to pressure is
one-third greater than its tensile strength. An eyeball would
thus tend to burst at some distance from the point of impact

306
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CONCUSSION CHANGES IN MILITARY PRACTICE

sooner than give way where the pressure is applied. In practice,
we find that the site at which rupture takes place is most commonly
either in the equatorial zone about the line of impact, or immediately
opposite to the point of impact (i.e. at the point of contrecoup),
and that these two sites of rupture are associated with two
different kinds of blow. (Fig 4.)

(a) The ruptures caused by slowly moving objects which strike
the eyeball directly without penetrating globe or orbit, occur in
the equator around the line of impact, at a point where the globe
is least supported. This group will include the bulk of ruptures
met with in civil life, which are caused by the direct impact of
objects such as stones, fists, boots, sticks, cows' horns, etc.

According to von Arlt's theory, indentation of the globe due
to the impact of slowly moving missiles, by lessening the diameter
in the line of impact, must necessarily cause an increase in the
diameter in the equator round this line. Since a sphere has the
greatest cubic content for a given surface, any force which distorts
a sphere containing a practically incompressible fluid, must bring
about an increase of surface-that is to say, the envelope will be
distended. The eyeball, being supported both at the place of
impact and at the pole opposite to this, distension will take place
chiefly at the equator round the line of impact, and if the distension
is sufficient to overcome the tensile cohesion of the sclera, rupture
will take place at some point on this equator where the globe is
least supported.
The site of impact of such objects mentioned is at the anterior

half of the eye, usually down and out, since protection is afforded
to other parts of the eye by the brow, nose and cheek. The line
of impact from a blow below and to the outer side of the cornea,
will pass from below upwards and backwards and inwards; the
least supported portion of the equator to that line of impact will
be above and to the inner side of the cornea, and this is the place
at which civil ruptures usually occur.

(b) In contrast to these. we find that ruptures caused by
rapidly moving missiles which pass through the orbit but do not
strike the eye directly, occur at the side opposite to the point of
impact-i.e., at the point of contrecoup. For example, missiles
passing through the back of the orbit cause the cornea to be
burst forwards; or if they have passed through the side of the
orbit, the rupture may be-found near the equatoir on the opposite
side.
The following specimens illustrate these forms:
Fig. 5 shows rupture of cornea from passage of bullet at back

of orbit.
Fig. 6 shows a similar condition due to the passage of a bullet

through both orbits. Both optic nerves were divided by the

307

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.8.7.i1 on 1 July 1924. D

ow
nloaded from

 

http://bjo.bmj.com/


THE BRITISH JOURNAL OF OPHTHALMOLOGY

missile; one at the optic foramen, the other close to the back of
the globe. In the former the globe was whole; in the latter,
though the back of the globe was intact, the sclera at the limbus was
ruptured and the cornea thrown forward. Both eyes were prop-
tosed, projecting right in front of the lids. The patient was com-
plaining of such intense pain that, much against one's inclination,
both eyes were removed.

Fig. 7 shows a large equatorial rupture on the inner side of the
globe following the passage of a missile through the outer side
of the orbit.

In these cases, the globe is not deformed by direct pressure,
but is subjected to an indirect impact, or shock, due to the passage
of the missile through the orbit. If the globe is not deformed, the
equatorial zone will not be overstretched, and therefore von Arlt's
theory will not afford an explanation.

I am greatly indebted to Dr. Love, F.R.S., Professor of Physics
at Oxford, who kindly considered the problem and has put forward
the following explanation.
The contents of the globe being fluid, sudden impact at one

spat on the surface will cause a wave of pressure to radiate
through the vitreous from the point of impact. (Fig. 8.) The
more rapid the impact, the more forceful the wave of pressure;
the slower the impact, the less forceful the pressure ,wave.
The wave of pressure will be felt most by the sclera exactly

opposite to the point of impact, where the wave strikes at right
angles to the surface, while at the sides, where the wave strikes
obliquely, the pressure will be less. Thus, it is familiar to us all
that a wave of the sea which strikes a breakwater at right angles
dashes much higher than one which strikes obliquely.

Again, where the incident wave strikes the sclera there will
be a wave of reflexion, which will beat back against the incident
wave. This wave of reflexion will only directly oppose the incident
wave immediately opposite the place of impact; at other parts of
the spherical surface, the wave of reflexion will be directed more
or less away from the incident wave.

Professor Love, when calculating the effects of air waves,
found that where the wave of reflexion met the incident wave the
pressure is enhanced, it may be as much as eight-fold.
Though o-ne cannot insist too closely on the similarity of the

effects produced by air waves and those caused by waves in the
semifluid vitreous, yet it would seem certain that a corresponding
enhancement of pressure must take place in the eye at the point
of meeting of the wave of reflexion and the incident wave.

'rheoretically, the point of meeting of the incident and reflected
waves will not lie exactly at the internal surface of the globe,
but slightly nearer to the centre of the eye. This distance, however,

30)8
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CONCUSSION CHANGES IN MILITARY PRACTICE

will be infinitesimal, and consequently the enhanced pressure will
be transmitted to, and borne by, the sclera immediately opposite
the point of impact.,

It is common knowledge with what force a sea wave reflected
from a breakwater meets the oncoming wave. So great is the
pressure here that a mass of water is shot up into the air. In this
instance the wave of reflexion beats back against the succeeding
wave, but in the eye the wave of reflexion will beat back against
the incident wave. In the open, the breakwater does not bear the
brunt of this enhancement of pressure, but in a closed space, such
as the eye, this pressure must be borne by the walls.

It would therefore appear that the stress on the sclera produced
by the incident wave, plus the enhancement of pressure due to
the meeting of the incident and reflected waves, will be far greater
at the point of contrecoup than at any other part of the globe, and
thus ruptures at the point of contrecoup may be explained.

Concussion Changes of the Iris and Ciliary Body
Passing to concussion of the iris and ciliary body, I regret I

have little original to say about these conditions, some of whiclh
are met with fairly frequently as clinical pictures; we, however,
seldom have reason for removing eyes with such injuries, and
therefore rarely have the opportunity of examining the condition
pathologically.

Fig. 9 is a specimen of iridodialysis which illustrates well the
tearing away of the root of the iris from the ciliary body.
Much more rare than iridodialysis-with its consequent displace-

ment of the iris centrally, giving rise to the D-shaped pupil-is
dislocation of the iris peripherally, which produces a pear-shaped
pupil in the slighter injuries or an "apparent iridectomy" in those
more severe.
These "apparent iridectomies," or peripheral dislocations of

the iris, have features which distinguish them, as a rule, from
true iridectomies. Thus (1), the pupillary margin, together with
the pattern of the iris, passes right up to the coloboma, so that
there are no cut angles of the sphincter to be seen; (2), there is
no scleral scar; (3), no entanglement or prolapse of the iris; (4),
the rest of the pupil remains central and circular; (5), there is a
history of a blow, but no history of an operation. If, however,
an iridectomy had been done, either the cut angles of the sphincter
would be visible, or if these had been drawn up to the wound,
there would usually be signs of entanglement or prolapse in a
scieral scar, and the remaining portion of the pupil would not be
circular, but drawn up toward the wound.
Such cases of "apparent iridectomy," oir peripheral dislocation

of the iris, are accounted for either by:
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THIE BRITISH JOURNAI OF OPHTHALMOLOGY

(1) Retroflexion of the iris, i.e. the iris is bent back and caught
between the ciliary body and lens (Fig. 10), or by:

(2) A rent in the ciliary body-
(a) In some, the rent is in the substance of the ciliary
bodv, separating the circular from the longitudinal
fibres. (Figs. 11 and 12.)

(b) In others, the rent occurs at the junction of the ciliary
body with the sclera, viz., a "cyclodialysis." (Figs. 13
and 14.)

In either case, the iris with the 'circular fibres alone, or with
the whole tlhickness of the ciliary body, circular and longitudinal
fibres together, slide outwards towards the equator of the eye.
According to .the extent of the displacement, so is the clinical
picture. If the displacement is less than the width of the iris,
a pear-shaped pupil results; if, however, the displacement is as
great as, or more than the width of the iris, a coloboma occurs.
In very rare cases (Fig. 15), the cyclodialysis is complete, and
the whole diaphragm formed by the lens, suspensory ligament, iris
and ciliarv body is dislocated backwards.
The usual explanation of these cases seems quite sufficient.

Thus, when the cornea is indented by the missile, the contents
of the eye being fluid and incompressible, a compensatory enlarge-
ment of the posterior segment of the eye must take place. The
pressure of the aqueous forces back the iris against the lens, and,
therefore, no fluid can pass througlh the pupil, with the result
that the iris, lens or both must recede, or something must give
way.
When the pressure is sufficient, the fluid wedge of aqueous

humour mavy bring about any of the above-mentioned conditions,
namely, iridodialysis, retroflexion of the iris, splitting of the ciliary
body, or partial or complete cyclodialysis.

Concussion Changes in the Retina and Choroid
In civil life, the changes are, for the most part, due to blows

from comparatively slowly moving objects, which strike the
anterior part of the eye directly. These blows cause disturbances
located chiefly in the macular and perimacular region : viz.,
commotio retinae, detachment of the retina, choroidal ruptures,
pigmentary changes in the maccula, retinal haeriorrliages and
retinal rents, with which we are all familiar.

In military practice, similar changes caused by blows from
stones, clods of earth, etc., were met with; but in addition,
concussion changes were seen caused by rapidly moving missiles,
which passed thlrough the orbit without rupturing the sclera,

311(
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CONCUSSION CHANGE,S IN MILITARY PRACT1ICE

concussing the eye equatorially or in the region of the posterior
pole. They gave rise, when examined soon after injury, and when
the vitreous was not clouded by haemorrhage, to one of the most
dramatic appearances the ophthalmoscope reveals. We saw
great blood red clouds of haemorrhage in the retina interspersed
with glistening white areas. (Plate I.)

If examined some weeks later, a great alteration was found to
have taken place. The glistening white areas had vanished; the
haemorrhages, for the most part, had disappeared or were in
process of absorption, or they had been replaced by fibrous tissue
plaques in the substance of the retina or in the vitreous. These
plaques often had festooned margins, and at times appeared
perforated by round or oval holes. (Plate II.) The probable
explanation of the festooned edging is, that the plaques had been
at one time larger, and were attached to the retina at certain spots
on their periphery: as contraction took place, the outline became
bayed between the fixed points. It is more difficult to account for
the holes in the plaques, but on the supposition that complete
absorption takes place at a certain spot in the plaque, retraction
of the fibrous tissue will leave an oval or circular hole.
These concussion changes in the retina and choroid occurred in

three situations:
(1) The area always affected was that adjacent to the site of

impact. So constant was this, that in cases in which the entrance
wound was insignificant, the ophthalmoscope gave the first means
of information that a foreign body had traversed the orbit.

(2) The next most common site to be injured was the macular
region, and it is to be noted that the disturbed area at the macula
was often quite separate from that adjacent to the site of impact.
It is probable that the greater vascularity and delicacy of structure
of this region rendered it more vulnerable to the intraocular waves
of pressu re.

(3) In a few cases, haemorrhages were also found opposite
the site of impact. Professor Love's theory of the rupture of the
sclera at the point of contrecoup explains such lesions, and if I
am allowed to digress for a moment, it also explains how it is
that severe blows on the skull cause bruising of the brain at the
pole opposite to that which is struck.
Turning to the histological changes found in these injuries, I

regret I am unable to show you any specimens demonstrating the
chang,es in commotio retinae. It is, however, known that in
concussion of the brain, imbibition of fluid takes place in the
colloidal brain matter; it is attractive to suppose that the retina,
being part of the brain, may also imbibe fluid after concussion,
giving rise to the appearance commonly described as "oedema of
the retina."
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THE BRITISH JOURNAL OF OPHTHALMOLOGY

The haemorrhages in and about the retina and choroid are of
every variety, subhyaloid, inter-retinal and subchoroidal. (Fig. 16.)
The four main changes found in the retina are:
(1) The shrinking and disappearance of the nuclei of the

granular layers.
(2) Vacuolation of its substance.
(3) The splitting of the retina into layers.
(4) Folding of the retina.
The degree of changes in the retina varies greatly in different

specimens, and also in different parts of the same specimen.
In the less affected parts, we may find merely a partial and

patchy atrophy of the nuclei of the external and internal granular
layers, demonstrated by a diminution in size, so that these vary
from the normal to minute dots. (Figs. 17 and 18.) (This is
comparable with the shrinking of the nuclei seen in atrophic areas
of glioma of the retina. ) With the shrinking and disappearance
of the nuclei, the retina loses its staining capacity, so that one
finds all stages from a diminution in the size of the nuclei,
occurring in patches, to a practically non-staining band in which
all traces of nuclei have disappeared.

Associated with the atrophy in the granular layers, the nerve
fibre, ganglion and reticular layers also undergo changes. They
become spongy, vacuolated and in places cystic. (Fig. 19.)

In the more severe cases the retina may be found split by
haemorrhages into several layers. (Fig. 20.).
Every variety of wrinkling 'of the retina occurs; it may be

fairly flat or it may be thrown into complicated convolutions.
The combined effect of necrosis with splitting and folding of the
retina gives some of these sections a remarkable and characteristic
appearance, which may be compared to a tangled skein of a
ghost-like retina wriggling through a mass of blood clot.
(Figs. 21 and 22.)
To what are these atrophic changes in the retina due? In all

the specimens examined, the blood vessels were severely damaged
and, therefore, the nutrition of the retina must have been greatly
impaired. Is the cutting off of the blood supply the only cause of
the atrophy, or is there some other factor? It is very striking,
that in certain specimens where the blood supply was completely
cut off by rupture of the arteria centralis retinae and the short
ciliary arteries, the atroplly of the retina was not universal but
only partial.

Given sufficient time, the cutting off of the blood supply would
of course cause atrophy of the retina, which one would expect to
be uniform. In the cases mentioned, it would seem, therefore,
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CONCUSSION CHANGES IN MILITARY PRACTICE 3

that there was some other causative factor for necrosis in addition
to the cutting off of the blood supply. What can this other
injurious factor be? The only suggestion which appears to me
reasonable, is that the concussion brought about sudden death of
certain parts by direct application of force. Such a view is well
supported by the'investigation of concussion of the spinal cord by
Gordon Holmes, which he described in his Goulstonian Lectures.
He showed that areas of atrophy occurred in the cord, after the
passage of a missile in the immediate vicinity, apart from any
haemorrhage or visible vascular change, and he attributes such
atrophy to the effect of direct concussion.
Though I have no specimen of concussion of the cord, I have

a case of division of the optic nerve by a missile, which demonstrates
the loss of staining power it the site of the lesion and the vacuola-
tion and absence of nerve structure in this region. (Figs. 23 and 24.)
From what we have seen it appears evident that the concussed

retina is an atrophic retina, associated with varying degrees of
corrugation, but we have yet to correlate the ophthalmoscopic
with the histological appearance, and to try to determine the nature
of the glistening white areas. Here we meet with a difliculty.
On the one hand, the concussed eyes which could be profitably
examined with the ophthalmoscope, we had as a rule no justification
to remove, and we could not, therefore, cut sections of a given
area of retina in which the white spots had been seen. On the
other, in severely concussed eyes which were both blind and
painful, and which were excised, careful search failed to discover
any white spots. What had happened to them ? Had absorption
taken place before the excision of the eye of some substance
which gave rise to the white appearance, or had the formalin,
which was the fixative used, dissolved this material and rendered
the retina transparent ?

I am unable to answer these questions with certainty, but I
should like to make a comparison which I think may throw light
on the subject. In embolism of the central artery, the retina is
white and undergoing coagulation necrosis. In time, the white
appearance disappears as the retina passes into complete atrophy,
just as the white appearance disappears in a concussed eye.
Though the glistening patches in' a concussed eye appear whiter
than the retina whose artery has been blocked, this effect is probably
due to contrast, for while in embolism haemorrhages are
uncommon, and there is nothing dark in the fundus to show up the
white patches, in concussed 'eyes the white areas are frequently
surrounded by extensive dark red haemorrhages.

In the absence of direct proof, it thus seems a likely hypothesis,
that the glistening white areas in concussed eyes are areas of
retina in which coagulation necrosis has taken place.
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Evulsion of the Optic Nerve
In the transactions of the Ophthalmological Society of the

United Kingdom a paper by Alontague Hine and myself is
published on evulsion of the nerves-which is fully illustrated.
A few additional remarks may be made.
Looking back at the various ophthalmoscopic pictures which

have been shown and published, to which the term "evulsion of
the nierve" has been applied, one may suspect that a considerable
number mav have been illustrations of "division" of the nerve
without "evulsion."
The special feature of many of the drawings labelled "evulsion

of the nerve" is a mass of fibrous tissue covering the disc, and a
disappearance of the blood columns in the retinal vessels.

But an anterior division of the nerve by a missile passing
through the orbit will cause similar severe concussion changes
in the retina, with formation of fibrous tissue which may cover
the head of the nerve, and provided the lesion is sufficiently far
forward to stop the circulation in the central retinal vessels, an
identical clinical picture will be produced. It is impossible to
determine from these pictures the crucial point, namely, whether
the lamina cribrosa is intact or not.

It is probable, therefore, that only in those cases where the optic
disc is unobscured by haemorrhage or fibrous tissue, and a definite
pit is seen at the site of the nerve head, can one state with
certainty that evulsion has taken place.

In considering the aetiology of evulsion we find that it follows:
(1) Blows on the front of the eye.

(2) Penetrating woutnds of the ball itself.
(3) Penetrating wounds of the orbit, either at the side or the

back of the globe.
The actual mechanism of evulsion will vary with the nature

of the injury. The nerve must be either pushed out or pulled out.
For evulsion to take place after a blow on the front of the

eye or after penetration of a foreign body, or again after the
lateral impact from missiles passing at the side of the orbit, the
only mechanism that one can suggest is that the increase of intra-
ocular pressure, which the injury produces, is sufficient to break
the lamina cribrosa and expel the nerve. Hence such cases would
be more correctly described as "expulsion" rather than "evulsion"
of the nerve.

Though one might expect that rupture of the sclera would
take place in one of the ways already mentioned in Section (I)
more readily than a pushing back of the lamina cribrosa, yet the
fact remains that the lamina is found broken through. In seeking
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for an explanation, it must be remembered that the lamina is
very weak and at most represents only one-third of the fibres of
the sclera, and also that the nerve itself is only slenderly attached
to its sheath. WAThen once, therefore, the transverse fibres of the
lamina have given way, there will be little resistance to expulsion
of the nerve, and the appearance of the empty sleeve would be
accounted for.
On the other hand, the nerve can be piulled out in one hf two

ways, either by the explosive effect of a missile passing through
the back of the orbit, or by extreme rotation of the eye; in both
instances the optic nerve will be severely stretched.

Dr. Turnbull kindly prepared sections for me of the optic nerve
and sheath, staining them to demonstrate elastic fibres. These con-
clusively show, that while the sheath contains elastic tissue, the
nerve contains none. The sheath is thus more elastic than the
nerve. The explosive effect of a missile passing through the back
of the orbit will have the double effect of forcing the eyeball
forwards, and thus stretching the nerve, and at the same time
pushing the nerve out of its course, putting it still further on the
stretch. If the sheath is stretched, its contained nerve tissue, being
less elastic, will tend to break rather than stretch. Why should
the nerve break at its junction with the retina, rupturing the
lamina cribrosa, and be pulled back like a piston in a cylinder,
instead of breaking in its continuity? This may be explained by
the fact, that between the lamina and the retina, the nerve tissue
consists almost entirely of naked axis cylinders, whereas behind
the lamina, the nerve has strong supporting fibrous lamellae which
are continuous with the lamina. (Fig. 25.)* The nerve is, therefore,
tougher behind the lamina than in front. If the nerve sheath is
stretched, the toughened but inelastic nerve, sliding easily in its
dural coat, tugs at the lamina, and when once this gives way, a
rupture will tend to take place in front of this membrane, either in
the retina itself or in the nerve fibres between the retina and the
lamina. This also explains why we sometimes find a hole torn in
the retina close to the disc, and in others a tangle of degenerated
retina dragged into the open mouth of the sheath.

Lastly, we have to explain how extreme -rotation of the eye
from blows with sticks or poles may cause evulsion. Extreme
rotation will cause tension on the nerve where it enters the globe,
and especially on the side away from which the eye is rotated.
If such tension be sufficient, rupture of the lamina cribrosa and
evulsion of the nerve may take place, either complete or partial,
for the elastic sheath will stretch, but the inelastic nerve will pull

This micro-photograph was taken from a beautiful specimen stained by van Gieson's
method and prepared by Mr. Humphrey Neame.
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on the lamina and cause it to rupture (c.f. Lang's and Hesse's
cases).

The Effects of Foreign Bodies Striking the Retina

I will conclude by describing a few specimens which
demonstrate the effect on the internal structure of the eye of
penetrating foreign bodies.

WThen a foreign body passes through the vitreous, it may leave
a track which may be either filled by haemorrhage (Fig. 26), 'or
subsequently marked out by a fibrous band. (Fig. 27.) The larger
fibrous bands, by their contraction, may cause severe disorganiza-
tion, such as detachment of the retina or choroid or both, or general
distortion of the globe.
When a foreign body strikes the retina, a variety of things may

happen. It may remain embedded in the retina in which case it
often causes puckering of this membrane (Fig. 28; Plate III and
Fig. 29); or if it strikes the back of the eye with sufficient force
it may penetrate its coats and pass into the orbit.

It is not infrequent to find that a foreign body, having struck
the retina, may rebound and come to rest far from its original
track. We saw one case of which the only explanation one can
offer is that a fragment rebounded twice on the retina. (Fig. 30.)
There was a slightly pigmented scar in the sclera at the entrance
of the foreign body on the inner side of the cornea. The ophthal-
moscopic picture (Plate IV) showed two scars on the retina, one
on the inner, the other on the outer side of the disc. These were
connected by a fan of fibrous tissue, which could be traced forwards
towards the wound of entrance. The foreign body was seen glisten-
ing like a jewel in the blood-stained vitreous, situated far forwards
and on the outer side. An X-ray photograph demonstrated the
foreign body at a spot which corresponded with the ophthalmo-
scopic estimation, and there was no indication of any othler foreign
body in the orbit. The field of vision (Fig. 31) showed two scoto-
mata situated in the horizontal meridian corresponding with the
two scars on the fundus.
When a foreign body strikes the retina, it will certainly bruise

it and in most instances cut it. I have sections of a case in which
a foreign body bounced on the retina and was later removed by
means of Haab's magnet. The spot where the foreign body struck
the retina was indicated by the attachment of the vitreous. The
sections through the spot (Fig. 32) showed the retina to be divided,
and the gap thus caused was occupied by a plug of newly formed
fibrous tissue, which was continuous with the shrunken and
haemorrhagic vitreous, in which fibrous tissue was beginning to
replace the blood.
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Following these minute injuries of the retina in eyes which
had not been too severely disorganized, we were at times able to
correlate the visible lesions with the corresponding defects in the
field.
Thus we found that lesions above or below the horizontal plane

caused a defect in the field out of all proportion to the local dis-
turbance, i.e., there was a "distribution defect" in addition to the
local defect due to the lesion. This was due to the foreign body
having not only damaged the rods and cones at the spot which
it struick, but having there divided the nerve fibres which were
passing on to a more peripheral portion of the retina. The
distribution defect was fan-shaped from the point corresponding
to the lesion, and extended towards the periphery or the median
raphe. The nearer the lesion was to the disc, the greater the
blind sector and vice versa, as would be expected from the accepted
distribution of the nerve fibres in the retina.
When a lesion occurred in the horizontal line drawn through

the disc, there was no "distribution" defect, but the loss of field
was limited to the area corresponding with the lesion, as would
be expected, for the nmedian horizontal raphe is the terminus for
all nerve fibres on this line. (Fig. 31.)
These sector defects following injury of the retina are strikingly

similar to those following solitary patches of choroiditis, in which
the resulting blind area is best explained on the supposition that
the nerve fibre layer is involved and destroyed by the inflammatory
process as it passes over the patch of choroiditis. This supposition
is supported by microscopic examination of a patch of choroidal
atrophy, which frequently shows complete disorganization of all
layers of the retina, together with the choroid.
The last case I wish to bring to your notice, is one in which

a minute particle perforated the cornea, iris, lens and vitreous, and
struck the optic disc a "bullseye." There was an adherent leucoma,
a hole in the iris, and an opaque streak through the lens, from
which there extended a delicate fibrous band, through the vitreous,
to the mass of inflammatory tissue covering the disc and the parts
immediately arotind. (Plate V.) An X-ray pihotograph proved the
presence of a foreign body situated on the disc; the rest of the
fundus was normal. The astonishing fact is that this lesion
caused a nearly circular "ring" field; that is to say there was
a very large central scotoma, a considerable peripheral contraction
of the field, and between the two a nearly circular band in which
vision was retained. (Fig. 33.) In the absence of histological
investigation of the nerve head, one can only guess the exact
portion of the nerve which had undergone degeneration, and how
the foreign body caused the circumscribed injury, whether by
direct impact or by subsequent degeneration following the injury.
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According to the generally accepted views regarding the dis-
tribution of the nerve fibres, those in the outer third of the disc
supply the macular area, the most peripheral fibres of the disc
supply the retina in its immediate neighbourhood, while those in
the centre are the long distance fibres, which supply the periphery
of the retina. Between these three sets of fibres there would be
a horseshoe shaped zone on the disc (Fig. 34), the fibres from
which would pass to the portion of retina corresponding with the
above-mentioned ring field. It would hardly appear credible that a
complete "ring" field could have been left, yet it has to be accepted
as fact, since the field was taken most carefully on two separate
occasions, at an interval of several weeks, and the two fields were
practically identical.
The important fact which emerges from this case, is that a

wound of the disc led to a double concentric defect of the field.
The case thus falls into line with certain cases of optic nerve
disease such as are met with occasionally associated with Ring
Scotoma, e.g., Tabetic Atrophy, and Retrobulbar Neuritis, and
it also gives support to the possible view that retinitis pigmentosa,
with its concentrically defective fields, may be primarily a disease
of the nerve.

Lastly, it appears to prove that the nerve fibres which are in
association with the various concentric zones of the retina, and
which will be distributed to the corresponding zones in the
appropriate superior and inferior calcarine areas of the occipital
lobes, are arranged in definite zones in the optic nerve.

THE ARROW TEST FOR ASTIGMATISM
BY

ERNEST E. MADDOX, M.D.
BOURNEMOUTH

THOUGH arrows have long ceased to form a part of modern
''artillery," their shape has become so impressed upon the mind
of both young and old that they make excellent test objects for
astigmatism. The figure of an arrow printed upon a rotating
disc locates the axis, both by means of its feathers, and of the two
barbs of the arrow head. There is an advantage in the double
choice, for some eyes are more sensitive in comparing groups of
lines than single ones, while other eyes too rapidly experience
chromatic sensations from the former to make them of service for
testing. Here the two barbs of the arrow head can come to the
rescue, being single lines, and thus free from chromatism.
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