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Fig. 7. Summary of individual data. Each bar is the mean
transfer of the four trials for all subjects in the group. The error
bars show the standard error of the mean.

while the blank field was continued in the contra-
lateral eye. In the interocular trial, the adaptation
was the same as in the monocular trial, but the
stationary test grating was presented to the con-
tralateral eye while a blank field was presented
to the adapted eye. Subjects were instructed to
maintain fixation on a small X in a circle centered
on the oscilloscope screens during the entire ses-
sion. Subjects with strabismus did not use prisms;
they were instructed to fixate either the station-
ary or the moving grating. Thus transfer was
measured between foveally-centered areas, or be-
tween anatomically corresponding retinal re-
gions. In the presence of dense amblyopia, occlu-
sion of the normally seeing eye was frequently
used to ensure proper fixation with the am-
blyopic eye. No subject had eccentric fixation, so
that grating fixation was central in all subjects. A
typical duration of the MAE for a monocular
trial was 20 to 25 seconds.

Calculation of the interocular transfer. For each
subject, the motion aftereffect was measured for
both horizontally and vertically oriented grat-
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ings. For each grating orientation, there were
two monocular trials, right-to-right (RR) and left-
to-left (LL), and two interocular trials, left-to-
right (LR) and right-to-left (RL). All subjects had
nonzero MAE:s for all monocular trials. We found
no significant difference at P < 0.05 using Stu-
dent’s ¢t test between the monocular MAE for
horizontal versus vertical gratings or for right
eye versus left eye. Therefore, we averaged the
four monocular MAE durations to obtain the
mean monocular MAE duration, M:

M = mean MAE duration of the four monoc-
ular trials:

RR and LL horizontal, RR and LL vertical.
The interocular transfer is obtained from an
interocular trial by forming the ratio:

Transfer = interocular MAE duration/M
There are four interocular transfers for each
subject: RL horizontal, RL vertical, LR horizon-
tal, and LR vertical.

Results
Interocular transfer by clinical categories

We present here a summary of our interocular
transfer measurements for 26 subjects, some of
which have been published previously.”'°

Figures 3—6 present the four interocular trans-
fer measurements for each subject with a given
grating. The grating used for the transfer mea-
surements is schematically illustrated on the right
(0.5 c/degree subtending 8°, 3 c¢/degree subtend-
ing 8°, 3 c¢/degree subtending 2°); the subjects
are grouped together by clinical category.

The 8 normal subjects all showed substantial
and similar transfer for all three gratings.

The 8 subjects classified as monofixators typi-
cally show a moderate, but less than normal,
amount of transfer with the large coarse grating.
There is less transfer with the large fine grating,
and much less transfer for the 2° fine grating.
This pattern was fairly consistent in these sub-
jects.

The 5 subjects classified as alternators showed
a considerable variation across subjects. Three of
the subjects (nos. 807, 822, 825) show either no
transfer or transfer for one or two conditions
only, whereas 2 other subjects (nos. 828, 833)
show a transfer for the coarse grating.

The 5 subjects classified in the ARC group
consistently show either no transfer or a negligi-
ble amount. Because of the development of an
abnormal retinal correspondence in these sub-
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jects, we thought that we might find transfer
between the anomalously corresponding regions
rather than the anatomically corresponding re-
gions. In 2 subjects (nos. 813, 814) with ARC,
we adapted the anomalously corresponding pe-
ripheral retinal region of the deviated eye and
then tested for transfer in the central region of
the normally fixating eye. The amount of inter-
ocular transfer did not increase. We thus con-
clude that these subjects do not exhibit interoc-
ular transfer between either anatomically or
anomalously corresponding retinal regions.

Figure 7 is a summary of the individual data.
Each bar is the mean transfer of the four trials
for all subjects in the group. The error bars show
the standard error of the mean.

Normal subjects showed 70% to 80% transfer
with all three gratings. Subjects with the mono-
fixation syndrome showed a substantial amount
of transfer with the 8° coarse and fine gratings,
but not with the 2° grating. In the alternator
group, the group mean transfer with the 8°
coarse grating is due only to the good transfer
shown by two subjects in this group (Fig. 5); there
is not a typical response for subjects in this group.
And finally, subjects in the ARC group showed
only minimal transfer to all gratings.

These results show that overall the amount of
interocular transfer of the MAE (for the coarse
grating) does correlate with the clinical assess-
ment of binocularity. However, in individual
cases, especially in the alternator category, we
found evidence of cortical binocularity from the
transfer measurements, whereas binocularity was
not indicated from the clinical examination.

Discussion and conclusions

For all strabismic subjects, regardless of classi-
fication, there is virtually no interocular transfer
with the 2° grating. That is, the 2° grating
cannot be used to distinguish between strabismic
subjects. This result might have been predicted
from the fact that none of the strabismic subjects
had bifoveal sensory fusion. What distinguishes the
strabismic subjects in the three groups is the extent of
binocular cooperation between the extrafoveal retinal
regions of both eyes. For example, those subjects
with monofixation do have peripheral binocular
vision (including some stereovision), and they do
show a substantial amount of transfer with the
large “peripheral” 8° gratings. However, such
transfer is not found in subjects with a large
deviation who have developed an anomalous pe-
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ripheral binocular cooperation between the eyes
(subjects in the ARC group).

It is the binocular cooperation in the extrafo-
veal retinal regions that correlates with MAE
transfer when low spatial frequency gratings sub-
tending 8° are used. We assume that MAE trans-
fer implies a cortical binocularity at a low level
of visual processing, i.e., one lower than those
mediating sensory suppression or stereopsis. Ster-
eopsis is generally thought to be associated
with a higher level of binocularity. Wolfe and
Held"'"** found a purely binocular process, i.e.,
one that requires the simultaneous stimulation of
each eye, which they believe is responsible for
stereopsis. Such a binocularity is not tested with
the interocular transfer of the MAE because only
one eye is stimulated at a time. This is probably
the reason why neither the previous
investigators'* nor we have found any correlation
between interocular transfer and stereoacuity.
MAE transfer and stereopsis appear to deal with
different cell populations, and therefore, MAE
transfer could not predict stereoacuity.

At first it appears puzzling that some subjects
with alternating strabismus (total suppression
from one eye) were found to show any transfer.
However, as described previously, retinal rivalry
suppression did not prevent adaptation of bin-
ocular cells through the suppressed eye, and thus
it might be expected that suppression in strabis-
mus also might not interfere with measuring
MAE transfer. If MAE transfer is found in these
subjects, it does imply the existence of an early
binocularity at a cortical level lower than that
mediating the suppression of clinical binocular-
1ty.
yFrom the above we conclude that interocular
transfer of the MAE can be used as a test for the
presence of binocularity in patients who do not
show clinical evidence of binocularity. In order
to facilitate such testing, we have developed a
simpler way to measure the interocular transfer
of the MAE. This method makes use of a rotating
sectored disk, rather than a CRT grating display.
It is more suitable for routine clinical testing
because it is both simpler to administer and easier
for subjects to respond to.

The above results also have some implications
for ocular alignment. Normal subjects maintain
precise ocular alignment and show good inter-
ocular transfer for all of the gratings used. Sub-
jects with monofixation also maintain ocular
alignment, however, at their small constant angle
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of deviation. Their interocular transfer for the

fine 2° gratings is substantially reduced from
normal, and for the coarse 8° gratings it is about
60% of normal. Since these subjects had small
angles of deviation, the 8 degrees of visual angle
subtended by the gratings precludes being able
to deduce whether this transfer can be attributed
to ARC or NRC. Appropriate test patterns must
be used in order to determine the nature of the
residual binocularity found in monofixation. It is
tempting to speculate that the amount of inter-
ocular transfer found in monofixation is not just
a coexisting condition, but that this represents
the minimum amount of cortical binocular func-
tion necessary for peripheral fusion to maintain
stable ocular alignment. This notion is supported
by the recent results of Boman and Kertesz,'
who studied fusional vergence responses in 11
strabismic subjects with small deviations. They
found that while: small central stimuli were not
effective in producing fusional vergence re-
sponses, large extrafoveal stimuli subtending at
least 10° of arc did produce fusional vergence
responses in their strabismic subjects.

Normally, ocular - alignment is maintained
through fusional vergence eye movements, which
are made in response to the retinal locations of
the images in each eye. In order for the fusional
vergence system to overlap the images onto cor-
responding retinal locations, the overall disparity
between the two images must be detected and
minimized. This could be accomplished if the
visual system spatially filtered each image so that
it loses its fine detail, thus allowing the two coarse
images to be matched and then superimposed by
vergence movements.'®!” This would require a
binocularity at least for those neurons transmit-
ting the coarse image (i.e., those responding to
low spatial frequency stimulation), which we
found in subjects with the monofixation syn-
drome. If the above analysis is correct, then one
could conclude that the maintenance of ocular
alignment ought to be possible provided that the
neurons responding to low spatial frequencies, or
large receptive fields, are functionally binocular.
Thus, those strabismics who do show MAE trans-
fer with large coarse gratings probably have the
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potential for sufficient binocular cooperation to
permit stable ocular alignment after their eyes
are aligned.

Max J. Keck, Ph.D.
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