
f-THE BRITISH JOURNAL

OF

-OPHTHA:LMOLOGY
JUNE, 1947

COMMUNICATIONS

BINOCULAR VISION * tj
BY

- DOROTHY CAMPBELL
COVENTRY

A4LTHOUGH binocular vision has not so far been made the subject
of a Middlemore Lecture-certain allied disorders of vision have
been discussed by previous lecturers. It is interesting to find that
Mr. Fulford Eales-in 1920-deplored the failure of the Educa-
tion Authorities to deal adequately with cases of visual deficiency.
and particularly with those suffering from squint and amblyopia-
while Mr. Haycraft, from his experience in examining recruits
in 1943, found the incidence of amblyopia so high, that he too
deplored the fact that so many apparently healthy eyes should
grow up practically blind. Moreover, he regarded it as " a slur
on the care which we oculists devote to our young helpless
patients." The interval between the two lectures was that of a

complete generation-and it seems to be in keeping .with the
* The Middlemore Lecture delivered at the Birmingham and Midland Eye

Hospital, October 25, 1946.
t Received for publication, February 3, 1947.
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progressive spirit of Richard Middlemore that we should meet
this challenge by a consideration of the physiological factors whicn
maintain binocular vision, and an inquiry as to how we
can employ this knowledge-to improve the treatment of cases of
abnormal binocular vision.

In presenting my thoughts to you I shall undoubtedly repeat
certain familiar facts, but I hope to present them to you in fresh
perspective, and to include in them an account of recent observa-
tions. The one-eyed man is perhaps not now regarded as an
oddity, but he is certainly debarred from many interesting activi-
ties, while perfect binocular vision is required for so many occupa-
tions in the skilled industrial world of the immediate future, that
its lack may determine the fate of a man. The high standards
of binocular vision required by the Royal Air Force in this last
war led to a mass-enrolment of orthoptic trainers, and the work
which they accomplished under the guidance of Air Commodore
Livingston in restoring binocular vision to pilots-has I think
removed the last barriers which existed between ophthalmic sur-
geons and orthoptists as to the usefulness of orthoptic training.
Indeed, it repeats the challenge to ophthalmic surgeons hence-
forth to make their proper contribution towards the art of orthoptic
training-in order that it shall not run the danger of becoming
merely a technical exercise.
The common disorders of binocular vision are well known to

you-viz. primary amblyopia-and the allied condition of sup-
pression; strabismus-both paralytic and concomitant-and
heterophoria.

Paralytic squint, from its sudden onset and its embarrassing
clinical symptoms of double vision and false projection, has been
recognised by physicians for many years and has been correctly
attributed to a pathological disorder of the cranial nerves or nuclei
supplying one or other of the extra-ocular muscles. Concomitant
strabismus on the other hand was first regarded as a naturally
occurring malposition of one eye-and Dieffenbach in 1840 was
the first to attempt its surgical correction. Nevertheless, as long
ago as 1743 Buffin had suggested that it was due to unequality
of vision between the two eyes-while over a century later
Priestley Smith ascribed it to a disturbance of those cortical
nervous centres which govern binocular vision.
Up to the beginning of this century-the treatment of squint

consisted in a correction of the errors of refraction and cosmetic
operation. Claud Worth (1902) was the first to inquire into the
significance of the amblyopia which is so often present in a
squinting eye-and to treat it by occlusion of the good eve-
followed by simple binocular fusion exercises on the amblyoscope.

322 DOROTHY CAMPBELL

 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.31.6.321 on 1 June 1947. D

ow
nloaded from

 

http://bjo.bmj.com/


BINOCULAR VISION 323

H'e believed that a fusion centre existed in the brain which was
essential to binocular vision, and was absent or lacking in
function in cases of concomitant strabismus. The realisation that
a faulty state of binocular vision, viz., heterophoria, can exist
without an obvious malposition of the eyes-came later still.
Now if, in th'e light of our present knowledge, we consider

the factors which contribute to the maintenance of perfect bino-
cular vision in man, we find that they are (1) The overlapping of'
visual fields (2) A strongly developed sense of fusion-and (3)
The dominance of macular over peripheral vision.

1. The Overlap in Visual fields.-Let us first consider the origin
of the overlap in visual fields-. Most of us are sufficiently familiar
with the phylogenetic development of animals, to know that the
eyes were first placed laterally-and then assumed a frontal posi-
tion. We must also bear in mind the fact that in order of
development, conjugate movements of the eyes preceded conver-
gence.
What is known as the nasal half of the retina must originally

have been occupied with the receipt of visual stimuli arising
behind the animal-and with the assumption of the frontal posi-
tion of the eye-this half of the retina is still occupied with stimuli
arising on the outer side of the body. In the first case the reaction
of the animal as a whole will be to move away from the object
behind it, and in the second case-the animal' will be stimulated
to make divergent movements of the eyes.
The temporal halves of the retinae, on the othe'r hand, are

concerned with the reception of stiniuli arising in front of the
animal. The eyes are mutually attracted instead of being dis-
tracted-and there is every incentive for the eyes to converge in
an attempt- to locate the object more precisely. When the visual
a^xes of the two eyes meet-there is a considerable overlap of the
visual fields-which must .increase the dominance of the temporal
halves of the retinae and strengthen visual attention in the bino-
cular area. A re-arrangement of the optic nerve fibres occurs first
in the cats, when instead of there being a total decussation of'
fibres-the semidecussation with which we are familiar is institu-
ted. It is noteworthy that this anatomical linkage appears to
subserve conjugate vision; while the non-decussation of fibres
from the tenm'poral halves of the retinae favours binocular vision.
Another interesting anatomical fact is that the power of conver-

gence only occurs in animals which possess maculae-i.e., the
higher monkeys and man. It is associated with a great develop-
ment of the brain. Not only are there visual sensory areas in the
occipital cortex, but a prefrontal cortical area which is associated
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324 DOROTHY CAMPBELL

with the acquisition of a wide range of conjugate movement and
with convergence. In fact, Kennard (1940) found that destruc-
tion of one entire frontal lobe in monkeys had the same effect as
destruction of one occipital area, in that the animal did not appear
to see objects in a contralateral field of vision. In other words
though the sensory stimulus was undoubtedly being received by the
animals, appropriate mental reaction was stopped. The localisation
of an image in a visual field is not then purely a sensory pheno-
menon but is a sensory-motor response. Holmes has reported
two cases in which impairment of the parietal lobe in a patient
caused defective spatial orientation-although the visual fields
were unimpaired and visual acuity was fair. Riddoch (1935) has
pointed out that visual disorientation can occur when the associa-
tion pathways from the occipital cortex to other parts of the brain
are interrupted, the nodal point appearing to be in the region of
the supramarginal and angular gyri in the parietal lobe.
This new anatomical evidence is against the theory held by so

many ophthalmologists that spatial localisation arises purely from
the position of the stimuli which fall on the retinae, or from any
exactly recorded pattern of them in the visual sensory cortex.

It is probably the correct conclusion to say that the overlap
of visual fields lays the foundation of binocular vision, by con-
centrating visual attention, so that an object can be located
correctly, and that the added powers of convergence and accom-
modation-serve to make the location precise. The mere overlap
of fields does not guarantee the fusion of two images into one.
For this a fusion sense appears to be necessary-and is intimatelv
bound up with the sense of projection..-
Fusion Sense.-Paralytic squint is the most dramatic instance

of a breakdown of fusion. It arises from a motor defect in the
extra-ocular muscles, which disturbs the normai position of the
visual axes. An attempt has been- made to explain the accompany-
ing false projection, also on the basis of a failure of motor
innervation. It was said to be due to the fact that " When an
ocular-muscle is weak the increased innervation of the opposing
muscle gives an impression of a greater movement of the eye than
has really taken place; thus the mind receives the idea that the
object is placed farther to one side than it really is, and in an
attempt to touch it, the finger may go beyond it." 'Even so
eminent a physiologist as Gowers stated that " We judge of the
relation of external objects to' each other by the relation of their
images on the retina,;- but we.judge of their relation to our own
body by the position -of the eyeball as indicated to us by the
innervation we give to the ocular muscles."
While such an argument might conceivably be true for paralytic

., -,
'i,

I
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BINOCULAR VISION' 325

squint, in which defective orientation is partly overcome by secon-
'dary deviation of the other eye, and by alteration of head-posture,
it is contrary to the facts to interpret all abnormalities of bino.
cular vision as a failure of motor innervation. In concomitant
squint the visual axes retain the same relationship to one another
over a wide range of conjugate movement-and a sensory distur-
bance occurs in the form of amblyopia or suppression in the
'majority of cases. Worth explained the onset of suppression as
being due to the absence of a fusion centre in the brain-but there
is no physiological or anatomical evidence for the existence of such
a centre. There is obviously a sensory-motor balance in binocular
vision-and Franklin (1942) has also emphasised the idea that the
functions of, fusion, projection and stereopsis depend on this
balance-rather than on visual sensations which arise from retinal
stimuli alone.
*He points out. that before the development of the eyes the
movements of the body were guided by the impressions received
by the lateral sense organs, and that in course of time the' eyes
took on the sa'me function as the sense organs. We have further
evidence of this in the fact that no bird will fly in a fog, becaus,
it loses its directional sense, and that a blindfolded pigeon, when
loosed from an aeroplane, fails to fly, and drops like a stone.

In animals with laterally placed eyes in which the binocular
fields do not overlap, e.g., herbivores and fishes, the animal shows
that it can see an object ahead by moving up to it and seizing it.
In the carnivores, which have frontally placed eyes-there is a
definite correlation. between vision and the use of the forelimbs,
in' the -catching and kifling of fast-moving prey.- The mode of
life adopted by the primates, of swinging by hand-from branch
to branch-requires an exact sense of distancand projection of
an object in space, land we find the anatomical response-of
specialisation of the brain, convergence, accommodation 'and
macular vision to which I have already referred.

' Thus, in animals, in the fundamental association of body actiofi
with visual stimuli, each forelimb is correlated with vision in the
contra-lateral field. In man, the intimate assoqiation of body
movem'ent with visual stimuli is well shown in the lack of general
co-ordination' which often accompanies paralytic strabismus, and
is also seen in certain cases of concomitant strabismus when the
patient attempts to rely on the amblyopic eye alone.

Franklin has emphasised the fact that fusion and projection
in binocular vision are based' on bitemporal retinal representation
-t.e., on the overlapping'of nasal'-fields, but that they are antici-
patory in character-and comparable to potential movements.
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326 DOROTHY CAMPBELL

Let us now consider the third factor which influences binocular
vision-viz., macular dominance.

Birds with laterally placed eyes, whose visual axes are set at an

angle of 120° or more, have a fovea, so that it would appear that
the primary function of the fovea cannot be one of fusion. Noc-
turnal birds of prey, with frontally placed eyes, have two foveae
in each eye.
The macular fibres in man are distributed over an area wlhichl

extends for approximately 20° in a horizontal direction on either

N

0,,

FIG. 1.

The course of the visual fibres of the retina.

side of the macula and embraces the blind spot on the nasal side
(Fig. 1). Vertically the area extends for about 3° above and below
the macula. Visual acuity within this central area rises from
6/60 at the periphery to 6/6 at the fovea (Fig. 2).
On account of the superiority which this visual acuity and

pattern vision has conferred on man-we are apt to consider that
it dominates over the more primitive visual function of fusion.
It is important to remember in this respect, that bitemporal retinal
representation persists throughout the central area of the retina
-and the overlap of the visual fields must be as shown in Figs.
3 and 4. One would expect to find, as is indeed the case, that
fusion is very strong in the paramacular area, and it decreases
peripherally.

- t, ---- - -
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The regional variation of visual acuity (after Wertheim).
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Overlap of visual fields in binocular fixation (central area).
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BINOCULAR VISION

FIG. 3.

The overlap of visual fields in man.

0 Binocular vision. l Monocular vision.

n.r. = nasal limit for "central field," right eye. n.l. = nasal limit for
" central field," left eve.

The maintena'nce of perfect binocular vision must depend on a
bilateral harmony within the central area, of the two mechanisms
of pattern vision and fusion. This probably occurs only-in a
minority of individuals, since the possibilities of the breakdown of
so fine an adjustment are so many. It has in fact been said
(Bielchowsky, 1937) that only about 20 per cent. of individuals
with good binocular vision are really orthophoric, and recent
observers have found evidence of a continual competition between
foveal vision and the fusional processes occurring in the area
immediately outside the fovea.

In certain pathological conditions there is a surprising main-
tenance of binocular vision; e.g., subjects suffering from retinitis
pigmentosa, in which the function of the peripheral retina
is entirely lacking, can still maintain binocular vision when only
a small central field remains and their visual acuity is very low.
Conversely subjects with bilateral macular degeneration or disease
also may retain some degree of fusion. A study of binocular
vision in conditions of partial loss of visual field, would, I think,
elucidate the functional balance between the peripheral and central
areas of the retina, still further.

In a series of tests on another aspect of this problem, which
have been made recently at this hospital, we have found that
good binocular vision persists in the dark adapted eye-even when
the illumination of the test object is so low as to favour rod, rather
than cone, vision. 'Fhe subjective angle tends to become conver-
gent; there is a general tendency to giddiness, and colours are
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DOROTHY CAMPBELL

suppressed. Some degree of stereopsis persists even when visual
acuity is greatly diminished,
The physiological abnormalities of binocular vision (see Table

1) may be tabulated as shown. We find all degrees of variation,
from a complete competition between the eyes, as in alternating
strabismus, down to total suppression of central vision in one
eye. Thus at each end of the scale-vision becomes uniocular
rather than binocular. In the intermediate grades some attempt

TABLE I

Physiological Abnormalities of Binocular Vision

1.

2.

Alternating strabismus

Congenital nystagmus

3. Heterophoria
Low degrees of concomi-

tant strabismus
False associated fixation

4. Large degrees of con-
comitant strabismus
(a) with, and (b) with-
out suppression

5. Advanced suppression
with loss of central F
fixation

Uniocular vision

Usually some degree of
binocular vision

Abnormal binocular vision
due to rivalry within the
i" central" area of the
retina

Abnormal function in both
..central " and peripheral

retina

Peripheral function only in
affected eye; binocular
vision poor or absent

at binocular vision is made. In by far the majority of cases this
is accomplished by the partial suppression of pattern vision-
which has been abundantly proved to be a mental process of
ignoring the image from one eye. In others, although visual
acuity is full, foveal fixation gives way in order that extra-foveal
fusion can be maintained; or competition is avoided by establish-
ment of a false macula-in the condition we recognise as false
associated fixation.
When the central area of one eye is very defective-abnormali-

ties of orientation occur. The onset or non-occurrence of
strabismus is, I believe, determined at its onset by the initial level
of visual acuity in the eye affected. By referring again to the
curve for visual acuity (Fig. 2) we are reminded that the central
area includes the blind spot, so that " the margin of escape " is
only 10° on the nasal side of the macula-and any failure in this
region will favour the development of a convergent strabismus.

328
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BINOCULAR VISION -329

You will notice that I have so far avoided making any reference
to the subject of retinal correspondence. It has long been con-
sidered that stereopsis was\due to the stimulation of corresponding
points on the retina, and to an exact -reinterpretation of such
stimuli in the visual sensory cortex. I have already shown that
this is not true in the case of the primitive fusional mechanisms-
and recent work has shown that it is too precise a theory to be
applied even to foveal fixation.

McAllister (1905), Dodge (1907) and Clark (1936) have shown
that in normal binocular vision an area of 1-150 from the fovea
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FIG. 5.

Diagram showing the doubling of a centrally fixated object (1° square)
by displacement of peripheral images (print), A, superimposed,
B, displaced (Burian, 1939).

can be used for fixation-and with a disparity of 2 40 horizontally
and 20 vertically in either direction an object will still be reported
as single. Burian (1939) made a further discovery that peripheral
retinal stimuli, if Adisplaced, by as small an interval as 0250, will
break the fusion of images situated on corresponding areas of the
macular region, and no matter how hard the observer tries he is
unable to maintain central fusion in the presence of displaced
peripheral stimuli (Fig. 5). Burian made these tests within an
area of 120 round about the macula. Stimulation of smaller areas
of 10 at a distance of 120 from the face caused noticeable
fusional movements of the eyes. Burian concluded from his
observations that there mjst be a large number of individuals
who will never be able to fuse central and paracentral images
simultaneously; some in fact maintain a rapid small alternation.
He later (1941) examined 75 cases of concomnitant strabismus with

less than 12° strabismus and full visual acuity. He found that
the eyes performed small fusional movements in crder to maintain
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DOROTHY CAMPBELL

binocular vision, and that patients who had no foveal suppression,
showed a small' degree of suppression in the paramacular area.
Paramacular fusion could only be-maintained at the expense of
foveal fixation being out of alignment. The exceptions were (a)
alternation, due to suppression of all the images of each retina

FiG. 6.

Peripheral fusion (of superimposed line pattern) and foveal test lines
on a level. Images seen as above, i.e., unchanged by (a) Patient with
normal binocular -vision. (b) Patient with strabismus with anomalous
correspondence adapted to the angle of squint (Burian, 1941).

in turn; (b) The presence. of a false macula, which supported all
the attributes of binocular vision except stereopsis (Fig. 6). His
methods of experiment were both accurate and ingenious.

A comparison of the average number of eye-movements made
per second, while the eyes " fixed" isolated points and points

in context. (Clark), 1936.
(By kind permission of Professor Clark, Amer. Inst. Psychol., 1939)

Horizontal component Vertical component

R.E. L.E. R.E. L.E.

Isolated point A ... ... 7S55 7-01 4X11 6-20

Point A in context ... 6-88 7-59 3688 6-39
(i.e. viewed in a picture)

Isolated point B ... 6.98 6-66 4-28 5.53

Point B in context ... >708 6 55 3 83 5 44

FIG. 7.
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The improvement of the camera has made it possible to make
objective records of the movements of the eyes-rather than
having to rely entirely on subjective phenomena.
Judd (1907) was the first to photograph the movements of the

eyes in convergence and divergence. He found that as they viewed
two fixed points in space, the eyes of some subjects made con-
jugate movements prior to convergence, while others moved one
eye faster than the other. In short there was no exactitude of
movement in fixation. The same observation was made by Clark
(1936) who from an analysis of over 3,000 photographic records
found that the quality and quantity of the movements was the
same for stereoscopic vision, as in the fixation of an isolated point
(Fig. 7). The eyes made an average of 8 movements per second,
but one eye moved more often than the other (Fig. 8). Clark

Average number of movements per second made by the eyes
fixing points in a Stereogram (Clark).

(By kind permission of Professor Clark, Amner. Inst. Psychol., 1939)

Fixating Fixating

Near Point Far Point Near Point Far Point

Subject' R. L. R. L. Subject R. L. R. L.

1 5-9 9-9 102 13-8 9 5-3 81 3.3 7-0

2 5-1 5-8 6-0 6-2 10 4-174 0 11.9 9-2

3 11L8 13-7 1559 14-1 11 9-0 6-8 8-2 7-2

4 7-7 9-2 9-1 9*9. 12 5-8 2-4 3-1 3-8

5 71 9-8 8-9 12-0 13 8-3 6-9 8-8 10-2

6 9-8 7-2 8-7 109 14 11-1 9-9100 9 1

7 9-0 117 59 5-8 15 5-2 7-1 5-1 5-2

8 79 8-3 6-2 108 16 - - 8-8 118

FIG. S.

BI'NOCULAR VISION 331
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332 DOROTHY CAMPBELL

- concluded that clear visual perception can only occur at the~-move-
ment of -fixation-and in the interval visual acuity must be
diminished. Obviously then, visual perception must constantly
be both binocular and monocular, and- shift from one eye
to another. - He suggests that the highest grade of b-inocular
vision must. therefore depend on the organisation and unification
of minimal changes-.-rather than on. the stimulation of specific
geometrica'l or corresponding-points on the retina. He believes
that stereopsis must be made up-of a rapid comparison- of uniocular
impressions, and in this he'is stipported by Litinski (1939) who
found that- in 72-5. per- cent. of normal subjects which he examined,
the uniocular perception of solidity was equal to the binocular
perception. Verhoeff too supports the theory that binocular
vision occurs by uniocular, replacement rather than by simulta-
neous vision of the two eyes. He believes too, that while one eye -is
occupied with the observations of one portion of space, the other
eye is suppressed in this region only-so that the two eyes divide
between each other the entire field. of vision in an ever-changing
mosaic of small uniocjlar part-fields. Verhoeff's conclusions were
based on subjective phenomena-but the objective experiments'of
Burian and Clark go far to substantiate them. In, an analysis
of amblyopia which I made earlier this year (1946) I arrived -at
the same conclusion, viz., that binocular vision depends on some
forni of physiological replacement.- It is certainly the only theory
which explains all the abnormalities of binocular vision, particu-
larly those which arise from functional disorders of the central
area of the retina. Thus Hering's theory which states that in
binocular vision the image is projected along the.visual axis of a
hypothetical cyclopian eye-midway between the two, eyes-
appears obsolete. The elaboration of this theory to explain stere-
opsis as due to, the simultaneous stimulation of correspo'ndihg and
disparate points of the retina also appears to me to be impossible.
I was surprised to find that the latest definition of stereoscopic
vision which has been given to orthoptic students is " the ability
to fuse images falling on slightly disparate points 'of the -retina."
It is difficult to reconcile this with any theory of binocular vision.

In conclusion, I shall attempt to apply these newer concepts
of binocular vision to the practice of orthoptics.
The young child resembles the animal in its--development, and

its early years are spent-in learning to correlate its body reactions
with visual stimuli.

I -cannot resist quoting from Richard Middlemore's "Treatise
on diseases of the eye,3' certain passages in which' he lays stress
on the very early onset of strabismus (1835).
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BINOCULAR VISION

In early life, children are sometimes placed very injudiciously in their cradle, or
they are, perhaps, very generally carried in one and the same position, so that the
light gains more frequent and complete access to one organ than to the other, in
consequence of which, that eye which is most familiarized with the influence of
the luminous rays, is more readily stimulated by them, and the other is rendered, in
a corresponding degree, the more insensible to them. Again, sometimes the infant's
cap is ornamented with a long and partly coloured border, so that it readily attracts
the child's attention, and he is continually turning the eyes towards it, as he lies in
the cradle. In the same way a small spot, naevus, or tumour upon the nose, may
produce squinting by disposing the child to look at it very intently, and he is
inclined to make great and repeated efforts to turn the eyes towards the object of
attention, because it is not distinctly seen. Of these, two causes of infantile
strabismus, the former will cause strabismus divergens, and the latter strabismus
convergens.
7.-Imitation is certainly a cause of strabismus; parents will often tell their

medical attendant that their child did not squint when he left home for school,
but, on his return, the strabismus was complete; and the child will probably
mention that many of his school-fellows also squinted, because they were frequently
mocking or imitating each other. No cause of strabismus is more satisfactorily
made out than this.
8.-Sometimes one of the eyes happens to be inflamed in early life, and it is

carefully bound up, until its visual powers become impaired from prolonged repose
from its natural actions and the long absence of its natural stimulus; such an eye
will be liable to be affected with strabismus, unless, which is very improbable, its
retina should again recover its sensibility. In other instances both eyes may,
perhaps, be slightly inflamed, and the surgeon-may tell the parents of the child to
protect them from the influence of bright light, and they will bind them up, as
they conceive, very carefully, in order to fulfil what they presume to be the Doctor's
wish the better, and in this way the patient will be totally deprived of his sight
during the continuance of the ophthalmia, at least, according to the parent's
intention; but children do not like this deprivation, and therefore so change the
situation of the bandage, as to see either upwards or downwards, and, in this way,
acquire a habit of squinting. Many of the worst cases of strabismus of both eyes,
which it has fallen to my lot to notice, have been so caused.

It is certainly a pity to lose the early years as a time for training.
The sense of fusion can only be properly developed if the two eyes
are used equally. Visual acuity should be brought to a maximum
by ordinary glasses at as early an age as possible-and occlusion
should not be left, as it so often is in the hospital child, until the
age of 5 (Fig. 9). It can be employed much earlier-or perhaps
a better method is the use of atropine drops in the good eye, in
order to bring about fixation in the squinting eye. I have never
known this. method to cause false associated fixation to develop-
and it has the advantage that it can be started in infancy-and
that the child continues to exercise some degree of binocular
vision-whereas occlusion cut out any stimulus to fusion. There
is a good deal of' evidence that the amblyopic eye supplies a
spatial background to the good eye, and this must be the explana-
tion as to why quite a number of adult amblyopes have straight
eyes and a certain degree of fusion.
The next stage of fusion training is not usually started until

about the age of 6, because the child cannot understand the
synoptophore and has not sufficient mental application. I think
more use might be made of the toy games in the interim.
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DOROTHY CAMPBELL-

~>EThe development off ;visual acuity in- the young child, following
treatment. ;(Campb¢el, 1946)

TREATMENT UNDE:R 5 YEARS TREATMENT OVER 5 YEARS

GroupA Group B - Group C

efore
-BforVisibnj Before After B After Before After

per cent. per. cAnt. -pe cent. per cent. per ;cent. per cent.
<6/60 15 0 27 '0 10 5 2

6/60- 6/24 28 2-4 38 2'2 43 5 2~~~~~~~-6 '35 - 2..j,-G6/18- 6/9 57 9 6 35 200 47 12 O

cl-<6/6 ... 40 88Q ,0 77?8 .0 / 776

T r e a t-e d by Treated by .Treated by
No. of 47 atropine drops 45 ococclusion,

cases followed by only only
.,, occlusion ., , ."P ..-

.............,.

FIG. 9.

r'!;Again fusion training is delaed until vision is nearly equal
in both eyes, but Swan .and Laughlin (1944) have recently advo-
cated, it, when the vision in 'one eye is -still' mudh below standard.
They state¢that proyided that the target is large enough to corres'.

'pond with the degree.of vision, or to,avoid the central scotoma-
peripheral fusion can be'established and appears to assist in the
development of'central vision.-
Cases of heterophoria excluding large degrees of height, seem

to improve. adequately on- duction exercises. I have'found that
quite a number, e.g.) 42 out-of 78 cases, show a small degree of

'--,'',suppression--which is, frequently -alternating and appears only-'
in -the' fixing eye. This suppression is no obstacle to their cure-
because'of the strong,'fusion sense which is always present.
Falkeassociated fix.ation presents one of the most.. difficult pro.'

-blems of training. In a group of 74 cases 1 found only one cure.
The- data showed that they all had or -regained, equal vision in
both eyes-and showed a macular dominance, but with very little
power of fusion. The subjective angle in every case except -one

.q.s.
..
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BINOCULAR VISION 335

was under 10°-i.e., it corresponded to the retinal area between the
disc and the macula, while in one case only the angle was 19°-
i.e., immediately to the nasal side of the disc.

It has been suggested that in these cases operation should
precede orthoptic training, but what is needed appears to be some
form of training to develop peripheral fusion and by the use of
large images, rather than to attempt to change macular vision
from " false " to " true," a process which takes an exceedingly
long time and has such strikingly poor results. Events might
prove that the resumption of peripheral fusion would lessen the
disparity in central fixation.

Finally, although the standard set by 'the British Orthoptic
Council for a cure is quite commendable, I think it is far too higlh
for every -day purposes.

Costenbader (1945) in an analysis of the causes of failure in the
treatment of squint, has suggested 4 grades of cure

(1) British Standard (1939). Straight eyes, normal vergences-
good fusion and stereopsis.

(2) Good fusion and stereopsis, but varying from fusion to
diplopia with WVorth's test, and inconstant ability to bar
read.

(3) Fair fusion-fair vision and a small degree of residual
strabismus.

(4) Cosmetic cure-no fusion-a small degree of residual
strabismus.

You will notice that fusion with convergence is only achieved
in the highest degree of' binocular vision. Stutterheim (1940) has
advocated a new form of training based solely on convergence
exercises. He starts, as it were, at the other end of the scale
-and states that amblyopia may persist fQr a considerable time
after the squint has been cured. Althou'gh he pours scorn on the
recognised methods of orthoptic training, his book is worth read-
ing,'by way of contrast.

I have not attempted to analyse the surgical treatment of bino..
cular abnormalities, but I think you will agree that good surgical
results depend more on the moment chosen for operation, rather
than on the exact adjustment of the angle of squint. I must end
my discourse with an apology for the inadequate analysis of the
subject of binocular vision, which I have been able to make.
Perhaps some Middlemore lecturer of the future will be able to
give us more advanced information. The, present jig-saw of facts
will then be transformed into a complete picture.
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THE REGENERATION OF WOUNDS OF EXIERNAL
MEMBRANE OF THE EYE IN THE LIGHT OF ' S
NEW PATHOLOQICO-ANATOMICAL RESULTS*t

BY

Professor E. TH. LEVKOIEVA
MOSCOW

PART I

Introduction
WHILE paying due considration to the questions raised by-..
ophthalmic surgery durilig the last 'war, webhave to point out that-
insufficient attention was paid to the conditions at the moment of

* From the pathological-histological Department of the Central Institute of
Ophthalmology, named .after Helni\holtz Director, Professdr Kolen; in charge
of pathological-histological department, Professor Levkoieva. Translated by Dr
N. Pines. t Received for publication, Novenkber, 1946.
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