Spatial Characteristics of Static and Dynamic
Stereoacuity in Strabismus

Clifton Schor, Bruce Bridgeman, and Christopher W. Tyler*

The spatial and temporal organization of stereoscopic depth perception were compared in normal and
strabismic observers. The minimum and maximum disparities for stimulating static and dynamic stereopsis
in strabismus were examined as a function of spatial separation of disparate stimuli. Disparities and
their spacing were produced by spatial modulation of two vertical lines viewed haploscopically. Most
strabismics had normal upper disparity limits but elevated static and dynamic stereothresholds. Moderate
stereothreshold elevations (100 arc sec) were constant for spatial separations greater than 15 arc min.
Two new types of spatial crowding effects upon stereopsis were observed. The first type resulted from
the constant elevation of the disparity threshold. The second type consisted of a reduced maximum
disparity limit for stereopsis. In both cases, the constriction of the range of perceivable depth produced
a reduction in the spatial and temporal frequency limits for depth perception.

Clinical tests of stereoacuity that crowd stimuli closer than 0.25 degree underestimated the strabismic
patients’ potential stereoacuities by a factor of 2 to 4. Similarly, tests of dynamic stereopsis that use
temporal frequencies greater than 1 Hz will underestimate optimal dynamic sterecacuity. Invest

Ophthalmol Vis Sci 24:1572-1579, 1983

Both static' and dynamic stereoacuity®® can be re-
duced in the central visual field of patients with stra-
bismus and other anomalies of binocular vision. Recent
psychophysical*® and electrophysiologic studies® in-
dicate that separate mechanisms underlie static and
dynamic stereopsis. Furthermore, static disparities are
believed to be processed optimally by spatial channels
whose receptive field sizes are proportional to disparity
magnitude.'® This model is supported by a correlation
between stimulus size and amplitude of static stereo-
scopic threshold.!'~!* Disturbances of stereopsis as-
sociated with binocular disorders may involve some
or all of these mechanisms that support binocular depth
perception.

Spatial properties of clinical tests for both static and
dynamic stereoacuity vary markedly. Some tests use
small figures (Keystone visual skills series),'* whereas
others use large objects that subtend a constant dis-
~ parity (Wirt test and Verhoeff Stereopter).!>!6 Tyler!":'?
observed for normal subjects that the abrupt changes
in disparity that occur with small targets and the uni-
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form constant disparities subtended by large targets,
yield stereoacuity inversely proportional to target size.
In this study, we have measured both the upper dis-
parity limit and lower disparity threshold for static
stereopsis in strabismic observers with spatially varying
targets. We observed a constant elevation of the stereo-
threshold over a range of coasse target sizes and an
increase in the minimum target size for any depth
perception, although the spatial limit for fusion, as
shown previously, remained normal.!’

Dynamic stereoacuity usually is measured with ver-
tical straight lines oscillating in depth.!8-2! The straight
lines subtend a constant disparity and yield dynamic
stereothresholds that decrease slightly as temporal fre-
quency increases up to 1 Hz and then remains constant
up to 5 Hz.'*!%2! We have examined dynamic stereo-
acuity in observers with normal and abnormal bin-
ocular vision using simultaneous spatial and temporal
modulation of disparity. The purpose of this study was
to define in greater detail the types of stereoscopic loss
that can occur with complex disparity modulation
similar to that found in a normal environment.

Materials and Methods

We measured static stereopsis for a full range of
stimulus patterns of the form introduced by Tyler.'!!?
Spatial variations of disparity were produced on two
CRTs with dichoptic vertical sinusoidal lines, one be-
fore each eye, (8° long and 1.5 min thick) having a
luminance of 15 cd/m? and a binocular spatial phase
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Fig. 1. Complete region of
depth perception as a func-
tion of spatial disparity mod-
ulation frequency of vertical
sinusoidal disparity varia-
tions for two observers with
normal stereopsis. (Inset:
Upper portion—Ileft and
right eye views of a sample
anti-phase stimulus; lower
portion—depiction of stim-
ulus as seen by the observer.)
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difference of 180° (Fig. 1, inset). When these vertical
sinusoidal lines (one on each CRT) were fused hap-
loscopically, observers perceived a single line curved
sinusoidally in depth, with the plane of curvature pass-
ing through the midline between the eye (Fig. 1, inset).

The spatial frequency of the vertical sinusoidal lines
determined the proximity or spatial crowding of si-
nusoidal peaks in depth (spatial disparity modulation)
and it also provided a means of defining the gradient
or rate of change of horizontal disparity variations
along the vertical meridian. Varying the spatial fre-
quency of the disparity modulation allowed exami-
nation of both upper disparity limits and lower dis-
parity thresholds across a full range of disparity pat-
terns.

Horizontal and vertical vergence errors were con-
trolled by adjusting the mirrors of a haploscope to the
observer’s angle of strabismus or to an angle where
the targets could be fused easily. The boundaries of
“the 8 X 13 degree rectangular test field and a small
central fixation spot served as sensory fusion locks.
Horizontal nonius lines were placed to the left and
right of the vertical sinusoidal line and the small fix-
ation spot (1.5 arc min). The observer could detect
vertical vergence errors by observing a misalignment
of the horizontal nonius lines. The targets were viewed
at a distance of 57 cm on a background screen with
a luminance of 50 cd/m?.

Thresholds were obtained by method of adjustment.
During tests of static stereopsis the observer was in-
structed to fixate the small spot in the center of the

space between the two horizontal nonius lines and
adjust a ten turn pot that controlled the amplitude of
sinusoidal disparity modulation, until the sinusoidal
line appeared to be just non-uniform in depth, and
then until it appeared to be uniform in depth. Since
depth judgments involved simultaneous comparison
of crossed and uncrossed disparities, amplitude of dis-
parity equalled the difference between uniocular peak-
to-peak amplitude of sinusoidal modulation. The mean
of six settings constituted a threshold measurement.
Stereoscopic thresholds were obtained in the same
manner for square wave variations in disparity as an
additional condition to more closely approximate the
disparity profile of standard tests of stereopsis.

The maximum sinusoidal disparity that could elicit
a static depth modulation (upper disparity limit) also
was determined by the method of adjustment. Depth
usually was perceived beyond Panum’s fusional limit,
ie, where diplopia was present.'>!"-22 Subjects were in-
structed to maintain the criterion of absence of depth
difference, although diplopia was clearly present in the
display. Both strabismic and normal observers reported
that depth was clearly present for a limited range of
disparities beyond the diplopia threshold and that be-
yond the upper depth limit they perceived two sinu-
soidal lines lying flat in the fixation plane. Subjects
verified their depth perception by correctly identifying
portions of the sine curve that appeared proximal and
distal from the fixation point. Comparison of the upper
and lower thresholds for stereopsis provided a measure
of the range of disparities as a function of spatial dis-



