






Topographic visually evokedpotentials induced by stereoptic stimulus
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Fig. 3 Grandaverageddynamictopograms ofVEPs (n=5) in computerstereogram. Red-yellow: positive charge. Green-
blue: negative charge. Colourstep 0-3RV.

negativity at the occipital centre (Oz) developed the
enhancement of binocular effect. The amplitude of
N1., in monocular viewing was -2-8 ,uV and in
binocular one was -6*6 RV; thus the binocular effect
was 235%. After the parieto-occipital negativity,
positive focus appeared in both monocular and
binocular viewing for the same period and to the
same extent in the occipital region.

COMPUTER STEREOGRAM
The dynamic topogram (Fig. 3) was displayed from
the grand average of five cases whose 12 channel
VEPs are illustrated in Figs. 4A, B. From 90 ms after
the appearance of depth a positive discharge
appeared in the occipital region and continued up to
108 ms. This response was obtained through both
monocular and binocular stimulation and was inter-
preted as the Pwo of conventional VEP. Binocular
stimuli, however, showed a peculiar course of
responses, that is, a negative focus (-0.9 ,uV, 90 ms)
appeared from the centroparietal region, moving to
the occipital pole with an amoeba-like movement.
The maximum occipital focus (-4.5 RV) was seen
from 170 to 192 ms and disappeared after 222 ms. This
peculiar course was not produced by the monocular
stimuli.

Discussion

For studies on the topographic process of stereopsis
in the brain two different stereo stimulators-the real
stereo target and the computer stereogram-were
used, and results were compared to find out the
similarity in stereoptic brain activity.
Both stimulators showed the same tendency: the

appearance of a negative focus in the centroparietal
region from 90 to 170 ms after the appearance of
depth. The flow of negative focus started from the
central portion and moved to the occipital pole with
the use of either stimulus. The only difference noted
between the effects of the two stimulators was a
return of negative focus from the occipital pole to the
parietal region with the real stereo target and a
spread of negative focus to the temporal region with
the computer stereogram.
The flow of negative focus suggested that a rela-

tively wide area of the brain contributes to the
establishment of stereopsis. Fusion, convergence,
and small eye drift might be necessary to achieve
stereopsis. In my present assessment this negative
focus is not specific for stereopsis but, rather, it may
be the enhancement of the monocular response. This
assessment is supported by the observation of a weak
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Fig. 4 VEPs induced by computerstereogram. Grand averaged datafromfivesubjects by monocular (A) and binocular (B)
stimulation.
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Topographic visually evokedpotentials induced by stereopticstimulus

negative focus which appeared in the middle central
scalp from 90 to 110 ms even with the monocular cue
of the real stereo target. But the late response in the
area from the parietal to the occipital pole was much
stronger with binocular stimulation than with
monocular. This phenomenon may be due to the
enhanced response of binocular cells, which are also
sensitive to monocular stimulation to a less extent.
Poggio and Fischer9 reported that in monkeys nearly
all cortical neurons in areas 17 and 18 were binocular
neurons, but monocular stimulation with some
ocular balance could also occur.
The binocular effect of VEP reported previously

depends on the negative component at 150 ms (N,50)
in the parietal and occipital areas. In our previous
studies on the stereoptic stimulator using the
binocular liquid crystal shutters and a real stereo
target2'47 the binocular effect of VEP was parallel to
the subjective stereopsis in normal and strabismic
patients. In the reports of most other authors356
studying the stereoptic VEP a random dot stereo-
gram was employed. As stated earlier, the stereo-
gram used in this investigation did not employ
random dots; linear rectangles with disparities were
displayed. In the Julesz's type random dot stereo-
gram the appearance of checkerboard-like rectangles
might induce a pattern VEP combined with depth
discrimination.
As regards brain activity during stereopsis,

Herpers et al.6 emphasised that the negative com-
ponent was localised in the central and parietal
regions during the period from 150 to 250 ms.
Although the peak time of the negative component
obtained in this study showed little difference from
that of Herpers et al., the same tendency of response
was clearly demonstrated here. Herpers et al. empha-
sised that the stereoptic brain response was localised
in the central and parietal region and was not
generated in the occipital region. In this study,
however, the occipital region showed a negative
potential in the late stage. The meaning of the centro-

parieto-occipital travel of brain activity has not
clearly been interpreted, but it suggests that many
steps of neural function may produce stereopsis.
As regards the cerebral centre of stereopsis, no

hemisphere preference was found in this study. This
result is in agreement with the report of Lehmann
and Julesz.3 As to the higher integration potentials,
such as vertex potentials of P2w and event-related
potential P_w, the negative component in stereopsis
was easily differentiated.

In conclusion, our study shows that the stereoptic
response in the brain starts from the central and
parietal regions and moves to the occipital region,
making a flow of excitation.

This work was presented in part at the Fifth International Orthoptic
Congress (1983) in Cannes.

I am extremely grateful to Professor Jun Tsutsui for his valuable
instruction, and I thank Ms Matsuda and Ms Hayakawa for technical
assistance.
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