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Introduction

inocular stereopsis is a visual function that results
when both eyes maintain good visual function.

Therefore, binocular stereopsis is disturbed by poor visual
acuity in one or both eyes, aniseikonia, strabismus,
abnormal retinal correspondence, and defective
development of the visual cortex.1  If a person with a
partial visual field defect in one eye is left with binocular
single vision, then stereopsis is compromised in the visual
field defect area because the person can only see through
the one eye that has no defect in the visual defect area.
Therefore, we suggest that visual field defects can be
detected as the absence of stereopsis.  If a partial visual
field defect exists at the crossover area in both eyes, even
when binocular single vision exists, a method for detecting
visual field defects that is based on stereopsis may be
able to detect a visual field defect through the absence of
stereopsis.  The individual would not be able to see the
visual target or would be able to see it only with difficulty.

Stereopsis perimetry is expected to be a simple and
easy screening test of the visual field.  The majority of
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An attempt to detect visual field defects in
normal subjects using stereopsis
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Objective: In cases in which there is a partial visual field defect in one eye, it is possible that stereopsis
is compromised.  Therefore, a visual field defect detection method using stereopsis was investigated as
a simple screening method for visual field defects.
Methods: Visual field defects were simulated in 11 young adults.  The visual field defect was created
by attaching a circular Bangerter filter with a diameter of 10 mm; the filter created a relative scotoma
with a size of approximately 15°.  A circular visual target, the size of which increased, surrounding the
visual field and increasing the cortical magnification factor, was located on a three-dimensional
display using circular polarization of light.  To detect the visual field defect, we applied parallax one
visual targets at a time and asked the subjects to identify its location.
Results: The detection rate of visual field defects using stereopsis was 90.0%, and the concordance
rate of the visual field defect area on the Humphrey Field Analyzer using stereopsis was 56.1%.  The
Mariotte blind spot on the right eye was detected at a rate of 30.0%.
Conclusions: Perimetry using stereopsis could potentially be applied as a screening method to detect
visual field defects.
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quantitative visual field tests currently used in clinical
medicine take approximately 30 minutes for both eyes
because they can be conducted on only one eye at a time.
Because examinees must fix their gaze on a central target
for a long time, a certain level of physical strength is
required for these tests.  Therefore, the screening tests
are often difficult for the elderly, infants, and people in
poor physical condition.  Most people who have any
experience with visual field tests dislike them.  Stereopsis
perimetry involves less measurement time than
commonly used perimetry tests because both eyes are
measured at the same time.  This visual field test can be
conducted simply and easily on a wider variety of people.
Long measurement times tend to lead to a loss of reliability
of test results in patients.2  Gonzalez de la Rosa et al.
reported that the fatigue effect in perimetry affected the
measured depth of glaucomatous defects.3  Therefore, to
obtain accurate test results, it is very important to shorten
perimetry measurement times.  Stereopsis perimetry is
expected to detect glaucomatous visual field defects at
early stages.  Some past studies have reported that
glaucomatous eyes decline in their capacity for stereopsis
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in the early stages of the disease.4-6  Perimetry using
stereopsis could possibly contribute to a reduction in the
number of blind patients by detecting diseases that involve
visual field loss, including glaucoma, the second leading
cause of blindness after cataracts,7 at earlier stages.

In a previous investigation, all of the visual targets
that were located in the surrounding area were raised,
and the subjects indicated which targets could not be
seen.  The detection rate in that study was roughly 60%.8

In the present study, a visual field defect was simulated
in young adults.  The investigation was subsequently
performed by raising one visual target at a time and having
the subjects identify its location.

Subjects and Methods

Subjects
The subjects were 11 volunteers (mean age 26.1 ± 6.3
years) with a corrected visual acuity of 0 (LogMAR) or
better in both eyes and stereoacuity of better than 100
seconds of an arc (arcsec) on a Titmus stereo test (Stereo
Optical, Chicago, IL, USA).  Using a Humphrey Field

Analyzer (Carl Zeiss Meditec, Dublin, CA, USA), it was
confirmed that the subjects did not have any significant
abnormalities on the visual field test according to the
criteria proposed by Anderson and Patella.  Informed
consent was obtained from all subjects after the purpose
and experimental procedures were carefully explained.
We certify that all applicable institutional and
governmental regulations concerning the ethical use of
human volunteers were followed during this research.
This study was approved by the Research Ethical Review
Board, School of Allied Health Sciences, Kitasato
University (approval number: 2009-112).

Methods
Procedure for creating artificial visual field defects
(Figure 1).  The artificial visual field defects were created
in the right eyes of the subjects by attaching a Bangerter
filter with a diameter of 10 mm onto the trial lenses.  This
procedure for creating artificial visual field defects
conformed to our previous study.9  This visual field defect,
a relative scotoma with a size of approximately 15°, was
created in two locations in each subject: on the upper-

Figure 1.  Simulated visual field defect and measurement results using the HFA SITA Standard 30-2 (upper-nasal visual field defect).

A simulated visual defect was created by placing a circular Bangerter filter with diameter of 10 mm on the trial lenses to cover a small
portion of the pupil on the upper and lower nasal sides.  When this visual field defect was measured using the HFA SITA Standard 30-2,
the average mean deviation (MD) value was -2.83 ± 1.07 dB, and the average pattern standard deviation (PSD) value was 5.86 ± 1.01
dB.
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nasal visual field and on the lower-nasal visual field.
The location of the simulated visual field defect was
adjusted to cover a small portion of the pupil on the
upper-nasal and lower-nasal sides when the trial lenses
with the Bangerter filter were placed on the Humphrey

Field Analyzer (HFA) eye monitor.  As determined using
the HFA, the global indices of the artificial visual field
defects were a mean deviation (MD) of -2.83 ± 1.07 dB
and a pattern standard deviation (PSD) of 5.86 ± 1.01
dB.
Device (Figure 2).  A commonly marketed, circular,
polarized, three-dimensional flat-panel display (ZM-
M220W, Zalman Tech, Seoul, Korea) was used to create
stereoscopic images.  The subjects wore the circular,
polarized filter when viewing the stereoscopic images
on the display.  A 22-inch display (29.3 cm in length and
47.0 cm in width) was used, and when viewed at a distance
of 60 cm from the display, stereo images were presented
in the range of a visual field that was 27.5° long and 42.8°
wide.  In other words, when looking at the center of the
display, the stereoscopic image was presented at
approximately 14° vertically and 21° horizontally.  The
chin rest and headrest were 60 cm from the display to
keep the face in a steady position.
Visual targets used (Figure 3).  The image used had a
white background with a small red circle (the fixation
target) in the center and 20 red circles (the peripheral

visual targets) between the vertical and horizontal
meridians of the fixation target.  The cortical
magnification factor (M scale) describes how many
neurons in an area of the primary visual cortex are
responsible for processing a stimulus of a given size as a
function of visual field location.10-12  The sizes of the
peripheral visual targets were adjusted using the M scale
so that the farther from central fixation the target was,
the larger its size was.  The peripheral visual targets were
without monocular stereopsis cue (shading, shadows, and
relative size).  On grounds of our past study,13 one of the
20 peripheral visual targets was presented at a parallax
of 1,000 arcsec, crossed in random order.
Measurement procedure (Figure 4).  First, subjects
who wore the Bangerter filter to create an artificial visual
field defect in the right eye had their visual fields measured
with the HFA using the 30-2SITA Standard program.
Because a slight error in the trial lenses' placement could
significantly change the location of the simulated visual
field defect, an optometry frame was used instead of the
lens holder supplied with the HFA.  Next, the subjects
moved to the three-dimensional display to the measure
the visual field defects with the same optometry frame
but using stereopsis.  This three-dimensional display
presented a stereoscopic image only when the subjects
looked at it while directly in front of it.  Therefore, the
face was precisely positioned before starting the

Detecting visual field defects using stereopsis

Figure 2.  A commonly marketed, circular, polarized,
three-dimensional flat-panel display (ZM-M220W, Zalman
Tech. Co., Ltd., Seoul, Korea) was used to create
stereoscopic images.  The chin rest and headrest were
placed at a distance of 60 cm from the display to keep the
face position steady.

Figure 3.  The image used and its correspondence with the HFA.

A small, circular fixation target was located at the center of the image,
and 20 peripheral visual targets were placed radially between the
meridians.  The sizes of the peripheral targets increased as they moved
farther from the center according to the cortical magnification factor.
(The peripheral visual targets that were not perfect circles due to the size
of the display were not used in the investigation.)  Among the 20 peripheral
visual targets, one was presented with crossed parallax (rising), and the
subjects were directed to identify its location while they were gazing at
the fixation target.
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measurement.  The face location was determined by
displaying the parallax visual targets at four corners and
fixing the face at a location where none of the visual
targets was seen in double.  The peripheral visual targets
were placed between the vertical and horizontal
meridians, with the fixation target at the center.  The
visual field was measured by applying crossed parallax
(the target was seen rising) randomly and by having the

subjects identify the target's location.  The relationship
between the location where the subject did not see the
visual target stereoptically and the location of the visual
defect detected on the HFA was investigated to obtain
the detection rate of visual field defects using stereopsis.
The subjects were instructed to gaze at the fixation target
during the test.  The examiner monitored the subjects'
fixation stability by observing them diagonally from the

Figure 4.  Image presentation procedure.

1. Image for verifying face location: Visual targets with parallax were located at the four corners of an image.  The face
location was carefully adjusted to obtain a stereoscopic image on the whole screen by confirming that none of the
targets were seen in double.
2. Sample (no parallax) image: Image used to explain the examination.  The subject was directed to fix his or her gaze
on the fixation target, and it was explained that there were images rising with no peripheral visual targets.
3. Image with only the fixation target: It was confirmed that the subject was gazing at the fixation target.
4. Image with parallax: The subject identified the location of one peripheral visual target with parallax.
After this step, images with only the fixation target and images with parallax were shown repeatedly to detect the
visual field defect based on a lack of stereoscopic vision.

Figure 5.  A case in which a visual field defect was detected

The visual field defect with HFA was detected based on a lack of stereopsis
with stereopsis perimetry.

Mochizuki,  et al.
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front.  Each parallax peripheral visual target was presented
for three seconds.  An image with no parallax was
presented once every five images to detect false positives.
Main outcomes
To measure the outcomes, the detection rate of the visual
defect using stereopsis was compared to the HFA pattern
deviation probability plot, and the concordance rate of
the visual defect's size detected using stereopsis was
compared to the size obtained using the HFA.  The
calculation methods were as follows:

Detection rate = number of cases where the visual
field defect (detected on the HFA) is detected using
stereopsis/total number of simulated visual defect patterns
×100;

Concordance rate = Number of HFA 30-2
measurement points with visual defects on the HFA
pattern deviation probability plot detected using
stereopsis/number of measurement points with visual
defects on the HFA pattern deviation probability plot ×
100.

Results

One of the 11 subjects was excluded from the examination
due to an inability to obtain stereoscopic vision with any
of the parallax targets.  In a subsequent investigation, it
was proved that this subject had a stereopsis ability of
better than 100 arcsec on Titmus stereo test but was
impaired slightly when tested with major amblyoscopy.
Therefore, 10 people with 20 artificial visual field defect
patterns were included in the analysis.

The visual field defect detection rate was 90.0%, which
is relatively good.  The concordance rate for the

measurement points with a critical rate of less than 0.5%
on the pattern deviation probability plot on the HFA was
62.5 ± 36.0%; the concordance rate for a critical rate of
less than 1% was 59.2 ± 31.3%; the concordance rate
for a critical rate of less than 2% was 57.2 ± 32.4%; and
the concordance rate for a critical rate of less than 5%
was 56.1 ± 33.3%.  In other words, approximately 60%
of the visual defects detected by the HFA were detected
at the measurement points for every pattern deviation
probability plot critical rate.  The false positive rate of
4.5 ± 8.9% was satisfactory.  The 30% detection rate of
the Mariotte blind spot in the right eye was not
satisfactory.  Measurement time of the visual field test
using stereopsis was approximately 8 minutes, including
an explanation of the test.

Discussion

The visual field defect-detection method, using stereopsis
with three-dimensional flat-panel display, had a 90.0%
detection rate.  Suzuki's eye chart, which uses colorful
illustrations printed on an acrylic board and has a detection
rate of 53.3% for glaucomatous visual field defects in
stage II according to the Aulhorn classification, is
comparable to the simulated visual defect created in this
study.14  Additionally, the detection rate for neuro-
ophthalmologic diseases using this chart was 87% for
those peripheral to the lateral geniculate body and 80%
for those closer to the center of the lateral geniculate
body.15  According to the report by Adachi, the
glaucomatous visual field defect detection rate at stage II
according to the Aulhorn classification was 66.7% using
the noise-field test.16-18  The noise-field test detects visual

Table 1.  Comparison of stereopsis perimetry with conventional visual field screening tests

Frequency doubling
Stereopsis perimetry

Suzuki's eye check chart14 Noise field test16-18 technology (FDT)
(in this study)

C-20-1 screening19

Principle of Frequency doubling
Colorful illustration Random noise Stereopsis

measurement  illusion

Aulhorn classification Aulhorn classification
stage 0:   7.1% stage 0: 20.0%

MD >- 2dB: 32.1%
stage 1: 38.1% stage 1: 38.9% MD = -2.83 ± 1.07dB

-2dB ≥ MD > -5dB: 48.4%
Detection rate stage 2: 53.3% stage 2: 66.7% (≒Aulhorn classification
　 　　　 -5dB ≥ MD > -8dB: 73.7%

stage 3: 70.0% stage 3: 71.4% stage 2): 90.0%
　　　　 MD ≤ -8dB: 96.6%

stage 4: 78.6% stage 4: 84.6%
　　　　

stage 5: 85.3% stage 5: 83.3%

Measurement Approximately Approximately Approximately
na

Time 6 sec 90 sec 480 sec

Detecting visual field defects using stereopsis
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field defects by presenting random noise on the display.
Additionally, Iwasa reported the sensitivity of frequency
doubling technology (FDT) in detecting visual field
defects at -2dB < MD < -5dB using the HFA to be 48.4%
in an extensive epidemiological survey of glaucoma in
Japan19.  Terry et al. reported the FDT visual defect
sensitivity to be 54.8%20.  Therefore, the method using
stereopsis had a comparable detection rate to the other
types of visual defect screening equipment (Table 1).

This visual field defect detection method using
stereopsis had a concordance rate of approximately 60%
for every critical rate of the HFA pattern deviation
probability plot.  This examination was performed by
creating simulated visual defects on young adults with
no actual visual defects.  The location of the visual field
defect could be significantly changed by slight errors in
the filter location because the defect was created by
attaching the Bangerter filter to the trial lenses.  To prevent
location errors, the examination was performed using an
optometry frame, ensuring that perimetry using the HFA
was consistent with perimetry using stereopsis.  However,
some differences in location between the HFA and the
method using stereopsis could not be avoided.  In other
words, the concordance rate may increase in the
examination of patients with actual visual field defects.
Additionally, creating the simulated visual defect in
healthy young adults may not accurately re-create the
vision of a patient with an actual visual field defect.
Examination of patients with actual visual defects is
required to verify the clinical applicability of the
procedure.

The detection rate of the Mariotte blind spot was 30%.
The first reason for this finding may be that the Mariotte
blind spot is smaller than the visual field defect created
for this study and that the visual target at the extreme
periphery was too large.  The second reason may be that
the Mariotte blind spot has different characteristics from
the other scotomas.  The filling-in phenomenon - when a
small region with a different pattern exists on a uniform
background, the small region is filled in with the
background pattern - occurs more quickly at the
physiological Mariotte blind spot than with acquired
scotomas.21-23  Therefore, the phenomenon at the Mariotte
blind spot was stronger than with the simulated visual
field defect, and as a result, it may have lowered the
Mariotte blind spot's sensitivity.  Considering these
factors, a specific visual target is required to detect the
Mariotte blind spot.  This will be addressed in a future
study.

This method cannot be used as a screening tool to

detect the visual field defect for the examinees with
disability of stereopsis; however, it could be used to detect
abnormality of stereopsis for the examinees who were
not aware of it so far.

In this experiment, visual field defect detection was
attempted using stereopsis.  A few issues, such as the
possibility of insufficient observation of the fixation
stability, insufficient detection of the Mariotte blind spot,
and the fact that the experiment was a simulation in
healthy subjects and not a study of actual patients, require
further examination.  In addition, it should be needed to
investigate the size, the arrangement and the presentation
time of the peripheral targets.  However, in the
examination of healthy young adults with simulated visual
field defects, the detection rate was comparable to the
existing visual field defect screening methods.  Therefore,
it is highly likely that this method could be employed as
a simple and easy-to-use visual field defect detection
screening method.
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