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Background: The impact of aniseikonia on stereopsis has been studied for decades, however, inconsistency 
which may be partly attributed to the method of inducing aniseikonia exists among these findings. This 
study aimed to induce overall and meridional aniseikonia using a three-dimensional (3D) computer and then 
evaluate the effect of induced aniseikonia on distance stereopsis using contour-based and random-dot-based 
patterns.
Methods: A 3D laptop was used to produce all of the test symbols. Unlike the usual method of creating 
aniseikonia with size lenses, which would change not only the size but also the relative position of the 
test symbols in the two images as seen by the two eyes, a new test system was designed to evaluate the 
aniseikonia, which only modified the size while maintaining the relative position of the test symbols. This 
new method reduced the disparities induced by location changing of the paired test targets when inducing 
aniseikonia. Aniseikonia was induced overall or in one of the meridians. The induced meridional aniseikonia 
included 180°, 30°, 45°, 60°, and 90°, respectively. The range of induced aniseikonia was 0–30% with an 
increment of 5%.
Results: Overall magnification affected stereopsis more than magnification in any one of the meridians. 
The stereoacuity differences between oblique meridians (30°, 45°, and 60°) were not significant until the 
aniseikonia increased up to 20%. The difference between 180°, 45°, and 90° was significant when the 
aniseikonia increased up to 10% in the contour-based test and over 20% in the random-dot-based test. The 
stereoacuity trend was improved gradually, coupled with the angle changing from 180º to 90º in the contour-
based pattern, and deteriorated gradually in the random-dot-based pattern.
Conclusions: Overall aniseikonia affected stereopsis more than meridional aniseikonia. The stereoacuity 
of the contour-based pattern was superior to that of the random-dot-based pattern in the 90° meridian, while 
the opposite result was obtained in the 180° meridian.
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Introduction

Aniseikonia is a condition in which the apparent sizes of the 
images seen by the two eyes are unequal (1). The etiology 
of aniseikonia may include optical, retinal, or cortical 
factors (1,2). Stereopsis refers to the function of precisely 
judging distance with the help of horizontal retinal parallax 
and may be affected by factors related to binocular vision, 
such as amblyopia, strabismus, uncorrected refractive 
errors, unilateral ocular pathology, etc. (3). The relationship 
between aniseikonia and stereopsis has been discussed for 
several decades.

The most common reason for aniseikonia is the 
correction of anisometropia. Lenses with different spherical 
diopters lead to different magnifications of the optical 
systems of both eyes. Correcting astigmatism with a cylinder 
could result in meridional aniseikonia (4). Lovasik and 
Szynkiw (3) utilized afocal magnifiers to induce aniseikonia 
ranging from 1.2% to 32.3%, and measured stereopsis 
using Titmus and Randot Tests. All participants in their 
study demonstrated stereopsis of up to 13.3% aniseikonia 
in both tests. In the field of aniseikonia between 13.3% and 
22.3%, an average of 82% showed stereopsis. Meanwhile, 
for aniseikonia above 22.3%, 34% showed stereopsis. 
Hess et al. (5) utilized an Apple iPod (model A1367; Apple, 
Inc., Cupertiono, CA, USA) and red-green anaglyph 
glasses to carry out aniseikonia and stereotest. They found 
that every 1% difference in image size between the eyes 

resulted in a 33% loss of stereopsis. Atchison et al. (6) 
confirmed that the stereoacuity was decreased by optically 
induced anisometropia and aniseikonia, with the reduction 
in stereoacuity increasing as the interocular difference 
increased. They found that the stereopsis threshold at 
baseline averaged 1.37 log sec arc, and increased to 1.93 
log sec arc with 12% overall aniseikonia. The threshold 
of stereopsis for overall aniseikonia was significantly 
higher than that of meridional aniseikonia. No significant 
difference was observed between the meridional aniseikonia 
of 180º, 45º, and 90º. The meridional aniseikonia had 64% 
the effect of overall aniseikonia.

With the development of retinal surgery, research on 
aniseikonia caused by retinal factors has been carried out 
in recent years (7-13). In contrast to the aniseikonia caused 
by optical factors, which are often symmetrical, aniseikonia 
caused by retinal factors tends to be asymmetrical. Okamoto 
et al. (7) reported that unilateral idiopathic epiretinal 
membrane (ERM) surgery significantly improved stereopsis 
but not aniseikonia. The postoperative Titmus and The 
Netherlands Optical Society (TNO) test scores showed a 
marked correlation with preoperative aniseikonia. Khanna 
et al. (14) conducted a 2-year observation of the effect of 
unilateral idiopathic ERM removal on monocular and 
binocular visual functions. Notable progress was observed 
between stereoacuity evaluated using the TNO stereotest 
preoperatively and at 2 years postoperatively. Vertical 
and average aniseikonia improved significantly, whereas 
horizontal aniseikonia did not. 

Although the relationship between aniseikonia and 
stereopsis has been studied over an extended period, 
research findings on the interference of aniseikonia with 
stereopsis are not consistent (15-18). Different stereopsis 
test materials, contour-based symbols or random-dot-based 
symbols (19,20), and test conditions of real circumstances 
or by dissociating the two eyes (21-26), etc. may affect test 
results. Moreover, owing to the method adopted to induce 
aniseikonia, it is difficult to evaluate this perfectly. Size 
lenses were the most commonly used method to induce 
aniseikonia by enlarging the image in front of one eye. 
Nevertheless, enlarging the entire test image may introduce 
additional disparity, especially when the smallest test units 
inside the test material are arranged horizontally. Enlarging 
itself may make the left part of the image extend more to 
the left, and the right part extends more to the right, and 
the same is true for the up and down parts. 

Evaluation of the stereopsis test is based on the 
horizontal disparity, so the position in the vertical direction 
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can be ignored. If the image in front of the left eye is enlarged 
while keeping the image in front of the right eye unchanged, 
the left part of the image in front of the left eye would extend 
to the left and an uncrossed disparity would be introduced. 
Consequently, the left part of the image appears to move 
backward, and the farther away from the center, the more 
obvious this effect is. On the contrary, the right part of 
the image would extend to the right, introducing crossed 
disparity, and the right part of the image would appear to 
move forward. In this situation, the image would appear 
to rotate clockwise along the vertical axis. Although the 
change in the perpendicular direction of the image may make 
the situation more complicated, the induced disparity by 
aniseikonia in the horizontal axis cannot be avoided, especially 
when using a larger magnification. If the test symbols are 
arranged horizontally, the induced disparity of aniseikonia 
would overlap with the setting disparity of the test, which may 
interfere with the subject’s judgment, especially when using a 
relatively large magnification. We assumed that this might be 
a reason for the poor consistency in previous studies. 

Previously, we conducted a research to confirm the 
relationship between induced aniseikonia and near stereopsis 
and modified the arrangement of test targets to a vertical 
alignment (27). Although induced disparity by aniseikonia 
could not be avoided totally, the disparity was transformed 
into a systemic error, which meant that the position changing 
of all test symbols was the same; hence, the interference to 
the judgment of the stereo target could be avoided.

Distance and near stereopsis reflect two aspects of 
stereopsis. Previous research has shown that these are 
consistent in the normal population, while others found 

they were quite different (28,29). The difference between 
distance and near stereopsis was significant when suffering 
from diseases (30,31). There is also little literature referring 
to stereopsis affected by meridional aniseikonia. We aim to 
evaluate distance stereopsis with induced aniseikonia based 
on near stereopsis research (27), and aniseikonia in oblique 
meridians was added in this study. The difference between 
contour-based and random-dot-based patterns was also 
elucidated. We present the following article in accordance 
with the MDAR reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-5575/rc).

Methods

Participants

Thirty medical undergraduates and postgraduates (including 
17 females and 13 males, aged 20 to 27) were recruited. 
The visual acuity of each eye was no worse than 0 logMAR, 
and the stereoacuity of each eye (tested using the Fly 
Stereo Acuity Test [Vision Assessment Corporation, Elk 
Grove Village, IL, United States]) was better than 32”. All 
participants gave their written informed consent before 
taking part in the study. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013) and was approved by the ethics committee of the 
Second Hospital of Jilin University (No. 2020-110).

Test system

Equipment
A three-dimensional (3D) laptop [ASUS G750Y47JX, 
17.3" 16:9 full HD 3D (1,920×1,080 120 Hz), ASUSTEK 
Computer Inc., Taiwan] equipped with NVidia 3D glasses 
(Expressway Santa Clara, CA, USA) was utilized as the test 
system, which we had used previously (32,33). The dot 
pitch of the screen was 0.199 mm, which signifies that a 
one-pixel distance would create 10 seconds of arc (arcsec, ”) 
at a checking distance of 4.1 m (Figure 1). 

Test symbol
The test symbol was designed according to our previous 
study on the relationship between aniseikonia and stereopsis 
at a near distance (27). A contour-based symbol imitated 
the quantitative test section of the Fly Stereo Acuity Test, 
whereas the arrangement pattern was adjusted. The four 
circles in each test unit of the Fly Stereo Acuity Test were 
arranged evenly in the up, down, left, and right directions, 

Figure 1 Photograph of 3D laptop test system.

https://atm.amegroups.com/article/view/10.21037/atm-22-5575/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-5575/rc
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respectively. In our analysis, four test circles were arranged 
vertically, with reference circles placed on both sides of 
them (Figure 2). This arrangement aimed to eliminate any 
additional aniseikonia-induced disparity in the horizontal 
direction. The random-dot-based pattern was four vertically 
arranged squares with a stereo circle hidden in one of them 

randomly (Figure 3).

Test page
The disparity setting was the same in both the contour-
based and random-dot-based patterns. There were a total 
of six magnifications of induced aniseikonia, including 5%, 
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Figure 2 Legend of the test pattern of contour-based test system. This is the first page with 20% induced overall aniseikonia. A is seen by 
the right eye; B is seen by the left eye; C is the simulation of the perception of the test images. The stereo target is the second in 500”, the 
fourth in 320” and the third in 200”. All test circles rotate at a certain angle clockwise along the vertical axis of the screen because of the 
additional induced disparity.
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Figure 3 Legend of the test pattern of random-dot-based test system. This is the second page with 15% induced aniseikonia in 45°. A is 
seen by the right eye; B is seen by the left eye; C is the simulation of the perception of the test images. The stereo target is the second in 
120”, the fourth in 80” and the third in 50”. All test circles rotate at a certain angle clockwise along the vertical axis of the screen because of 
the additional induced disparity.
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10%, 15%, 20%, 25%, and 30%. The aniseikonia was 
induced overall or in one of the meridians. The induced 
meridional aniseikonia included 180°, 30°, 45°, 60°, and 
90°. Therefore, taking the combination of magnification 
and meridian, there were a total of 36 sets of induced 
aniseikonia. Each set of the test contained three test pages 
with nine disparity settings: 500” (2.7 log arcsec), 320” (2.5 
log arcsec), and 200” (2.3 log arcsec) on test page one; 120” 
(2.1 log arcsec), 80” (1.9 log arcsec), and 50” (1.7 log arcsec) 
on test page two; 30” (1.5 log arcsec), 20” (1.3 log arcsec), 
and 10” (1 log arcsec) on test page three. 

Test procedure
The test sequences of both the contour-based and random-
dot-based patterns were random, as was the test sequence 
of each meridian or overall. After determining the pattern 
and meridian, the test sequence of magnification was 
sequentially fixed from 30% to 5%. The participants were 
asked to point out which circle stood out of the plane in the 
contour-based test or which square contained a protruding 
circle in the random-dot test. The test was started at 500” 
and moved backward to 10”. The last correct choice was 
recorded as the stereopsis threshold of the subject. If the 
participant failed at a test of 500”, their stereoacuity was 
recorded as 800” (2.9 log arcsec).

Statistical analysis

SPSS (version 26.0; IBM Corp., Armonk, NY, USA) was 
used to analyze the data. All of the stereopsis values were 
transformed from arcsec to log arcsec. The Shapiro-
Wilks test was utilized to explore the data distribution; if 
the data satisfied a normal distribution, the parameter test 
was adopted, which detected differences between groups 
using analysis of variance (ANOVA) and explored these 
differences using the least significant difference (LSD) 
method. However, if the data was not normally distributed, 
the non-parametric test was adopted, which detected 
differences between groups using the Friedman test and 
explored the differences between two groups using the 
Wilcoxon signed-rank test.

Results

According to the Shapiro-Wilks test, most of the data 
did not meet a normal distribution. Therefore, the non-
parametric test was adopted to analyze the data. The 
medians and interquartile ranges are shown in Table 1. The 
boxplot of the data is shown in Figures 4,5. 

The Friedman test was used to analyze all six groups in 
the contour-based pattern, (including induced meridional 

Table 1 The median (interquartile range) of all the data

Meridians
Magnification

5% 10% 15% 20% 25% 30%

Contour-based

Overall 1.59 (0.22) 1.70 (0.47) 1.99 (0.38) 2.30 (0.40) 2.30 (0.00) 2.30 (0.40)

180° 1.30 (0.23) 1.59 (0.22) 1.70 (0.20) 1.90 (0.23) 2.30 (0.22) 2.30 (0.00)

30° 1.48 (0.22) 1.48 (0.22) 1.70 (0.22) 1.70 (0.20) 1.90 (0.38) 2.30 (0.22)

45° 1.48 (0.18) 1.48 (0.06) 1.48 (0.22) 1.70 (0.38) 1.90 (0.60) 2.08 (0.45)

60° 1.48 (0.40) 1.70 (0.22) 1.70 (0.43) 1.70 (0.47) 1.70 (0.38) 1.90 (0.38)

90° 1.48 (0.18) 1.48 (0.22) 1.48 (0.22) 1.70 (0.22) 1.70 (0.05) 1.90 (0.38)

Random-dot-based

Overall 1.48 (0.00) 1.59 (0.22) 1.90 (0.44) 2.08 (0.18) 2.30 (0.62) 2.90 (0.60)

180° 1.30 (0.18) 1.48 (0.22) 1.48 (0.43) 1.70 (0.26) 1.90 (0.18) 2.08 (0.06)

30° 1.39 (0.18) 1.48 (0.04) 1.70 (0.43) 1.90 (0.20) 1.90 (0.18) 2.08 (0.00)

45° 1.48 (0.18) 1.48 (0.22) 1.70 (0.27) 1.80 (0.20) 1.90 (0.18) 2.08 (0.45)

60° 1.30 (0.23) 1.48 (0.43) 1.59 (0.47) 1.70 (0.38) 1.90 (0.40) 2.51 (0.62)

90° 1.48 (0.25) 1.48 (0.22) 1.80 (0.43) 1.90 (0.38) 2.08 (0.27) 2.70 (0.82)
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Figure 4 The boxplot of stereoacuity changed with meridians of aniseikonia of various magnification in contour-based pattern. The line 
perpendicular to the whisker below and above the box represents the minimum and the maximum value respectively; the lower and the 
upper edge of the box represents the first and the third quartile respectively; the thick solid line is the median. The asterisks and circles 
represent outliers.

Figure 5 The boxplot of stereoacuity changed with meridians of aniseikonia of various magnification in random-dot-based pattern. The 
line perpendicular to the whisker below and above the box represents the minimum and the maximum value respectively; the lower and 
the upper edge of the box represents the first and the third quartile respectively; the thick solid line is the median. The asterisks and circles 
represent outliers.
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aniseikonia at 180º, 30º, 45º, 60º, 90º, and overall, 
respectively) in each magnification (including 5%, 10%, 
15%, 20%, 25%, and 30%, respectively). The test results 
showed that a difference existed in each magnification 
group (Table 2). Combined with the boxplot, the largest 
value was always in the overall group, which was one of the 
main factors contributing to the difference. In the random-
dot-based pattern, the same trend still existed in the 15%, 
20%, 25%, and 30% groups, respectively (Table 2). These 
results indicated that overall aniseikonia affected stereopsis 
more than aniseikonia in any one of the meridians.

Comparison between different meridians

A total of five meridians were involved in this study (180°, 
30°, 45°, 60°, and 90°). Horizontal and vertical aniseikonia 
has been discussed in our previous study (27), while induced 
oblique aniseikonia was introduced in this study. The 
difference in stereopsis between the oblique meridians (30°, 

45°, and 60°) was analyzed first. A pairwise comparison 
(Wilcoxon signed-rank test) was carried out three times 
for three groups, and a significant P value was set as 
0.05/3=0.017. 

In the contour-based groups, a significant difference 
was detected with the Freidman test at 25% and 30% 
magnification. The test value at the 60° meridian was the 
smallest (Table 3). Meanwhile, in the random-dot-based groups, 
a marked difference was observed at 30% magnification, and 
the test value at the 60° meridian was the largest (Table 4).

Three meridians (180°, 45°, and 90°) were chosen for 
the next analysis. In the contour-based groups, significant 
differences were detected using the Freidman test at 
the 10%, 15%, 20%, 25%, and 30% magnifications, 
respectively (Table 5). The tendency of the test values 
was 180° > 45° > 90°. In the random-dot-based groups, 
notable differences were detected at the 25% and 30% 
magnifications, respectively (Table 6), and the tendency of 
the test value was 90° > 45° > 180°. 

Table 3 Comparison of 60°, 45° and 30° meridians of the Friedman test and Wilcoxon signed ranks test of contour-based pattern 

Statistics

Magnification

5% 10% 15% 20% 25% 30%

χ2/Z P χ2/Z P χ2/Z P χ2/Z P χ2/Z P χ2/Z P

Freidman χ2=5.474 0.065 χ2=2.935 0.230 χ2=4.441 0.109 χ2=2.211 0.331 χ2=7.969 0.019 χ2=22.182 0.001

Wilcoxon

60° vs. 45° – – – – – – – – Z=−2.275 0.023 Z=−3.076 0.002

30° vs. 45° – – – – – – – – Z=−0.310 0.757 Z=−2.326 0.020

60° vs. 30° – – – – – – – – Z=2.969 0.003 Z=−3.569 <0.001

Table 2 Results of the Friedman test in contour-based and random-dot-based patterns

Statistics
Magnification

5% 10% 15% 20% 25% 30%

Contour-based

Chi-square 15.008 30.533 57.984 86.725 102.139 113.103

P 0.010 <0.001 <0.001 <0.001 <0.001 <0.001

Random-dot-based

Chi-square 6.961 5.841 13.653 31.633 53.238 85.724

P 0.224 0.322 0.018 <0.001 <0.001 <0.001
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Comparison between the contour-based and random-dot-
based patterns

According to the boxplot, the trend of the test value 
increasing with the increased magnification of aniseikonia 
was the same in both the contour-based and random-
dot-based patterns. A comparison between the contour-
based and random-dot-based patterns was conducted in 
the 180° and 90° meridians (Table 7). In the 180° meridian, 

no significant differences were found at 0, 5%, and 10% 
magnification. However, marked differences were observed 
at 15%, 20%, 25%, and 30% respectively. The test 
value of the contour-based pattern was larger than that 
of the random-dot-based pattern. In the 90° meridian, 
no significant differences were found at 0, 5%, and 10% 
magnification. However, notable differences were observed 
at 15%, 20%, 25%, and 30% respectively. The test value of 

Table 4 Comparison of 60°, 45° and 30° meridians of the Friedman test and Wilcoxon signed ranks test of random-dot-based pattern

Statistics

Magnification

5% 10% 15% 20% 25% 30%

χ2/Z P χ2/Z P χ2/Z P χ2/Z P χ2/Z P χ2/Z P

Freidman χ2=1.104 0.576 χ2=3.516 0.172 χ2=0.878 0.645 χ2=1.507 0.471 χ2=3.722 0.156 χ2=17.766 <0.001

Wilcoxon

60° vs. 45° – – – – – – – – – – Z=−3.559 0.001

30° vs. 45° – – – – – – – – – – Z=−0.525 0.599

60° vs. 30° – – – – – – – – – – Z=−3.141 0.002

Table 5 Comparison of 180°, 45° and 90° meridians of the Friedman test and Wilcoxon signed ranks test of contour-based pattern

Statistics

Magnification

5% 10% 15% 20% 25% 30%

χ2/Z P χ2/Z P χ2/Z P χ2/Z P χ2/Z P χ2/Z P

Freidman χ2=0.082 0.959 χ2=7.902 0.019 χ2=31.818 <0.001 χ2=31.221 <0.001 χ2=38.021 <0.001 χ2=47.000 <0.001

Wilcoxon

180° vs. 45° – – Z=−1.330 0.184 Z=−3.947 <0.001 Z=−3.711 <0.001 Z=−3.749 <0.001 Z=−3.835 <0.001

90° vs. 45° – – Z=−1.690 0.091 Z=−0.787 0.431 Z=−3.279 0.001 Z=−2.836 0.005 Z=−3.866 <0.001

180° vs. 90° – – Z=−1.723 0.085 Z=−3.756 <0.001 Z=−4.230 <0.001 Z=−4.408 <0.001 Z=−4.643 <0.001

Table 6 Comparison of 180°, 45° and 90° meridians of the Friedman test and Wilcoxon signed ranks test of random-dot-based pattern

Statistics

Magnification

5% 10% 15% 20% 25% 30%

χ2/Z P χ2/Z P χ2/Z P χ2/Z P χ2/Z P χ2/Z P

Freidman χ2=0.800 0.670 χ2=0.481 0.786 χ2=0.990 0.610 χ2=2.220 0.330 χ2=12.705 0.002 χ2=36.065 <0.001

Wilcoxon

180° vs. 45° – – – – – – – – Z=−2.186 0.029 Z=−1.017 0.309

90° vs. 45° – – – – – – – – Z=−1.760 0.078 Z=−4.181 <0.001

180° vs. 90° – – – – – – – – Z=−3.018 0.003 Z=−4.114 <0.001
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the random-dot-based was larger than that of the contour-
based pattern.

Discussion

Aniseikonia induced spatial deformation, prism effect, thus 
affected fusion and stereopsis. Asthenopia and headaches 
were two main symptoms of patients with aniseikonia (1). 
The tendency of stereopsis to decrease with the increase of 
aniseikonia is certain (4,6,27). However, some influencing 
factors between aniseikonia and stereopsis have not been 
determined. In this study, overall aniseikonia affected 
stereopsis more significantly than aniseikonia in all of the 
meridians. This result was consistent with the study of 
Atchison et al., which found that meridional aniseikonia had 
64% of the effect of overall aniseikonia (6). 

In our study, the stereoacuity differences between the 
oblique meridians (30°, 45°, and 60°) were not significant 
until the aniseikonia increased up to 20% both in the 
contour-based or random-dot-based patterns. The 
difference between the 180°, 45°, and 90° meridians was 
notable when the aniseikonia increased up to 10% in the 
contour-based test. In the random-dot-based pattern, a 
marked difference appeared when the aniseikonia was 
≥25%. In Atchison et al.’s study, in which the maximum 
magnification was 12% (6), no significant difference existed 
between the three axes (P=0.77–0.85). Also, the stereo 
test device used in their study, a McGill Vision Research 
modified random dot stereogram, was a type of random-
dot-based test. Therefore, the conclusions of Atchison et al. 
and those of the present study were consistent. 

In our study, the trend of the test value decreased when 
the meridian changed from 180º to 90º in the contour-
based pattern. This may be due to the characteristic of 
fusing of contour-based circles in this examination. Also, 
the horizontal part of the circle may play a more important 
role in fusing and producing stereopsis in a situation where 
the sizes of two images are different. The more overlapping 

region in the horizontal direction, the better the stereopsis 
that may be acquired. Furthermore, the non-overlapping 
areas in the vertical direction may interfere with the fusing 
or even result in notable diplopia; however, the depth 
perception was achieved not in this direction. Matching 
in the horizontal direction, even if only a small part of the 
image, may produce the sense of protrusion of a partial 
section of the circle and help the subject to make a correct 
choice. 

We compared the overlapping areas in the horizontal 
direction of test symbols between two eyes. The least 
overlapping appeared in magnification in the 180º meridian, 
while the most overlapping appeared in magnification in the 
90ºmeridian. For the other meridians, the overlapping areas 
increased gradually as the angle increased from 180º to 90º 
(Figure 6). The test value change was similar to the change 
of overlapping areas; that is, the maximum value appeared 
in the 180º meridian and the minimum value appeared in 
the 90º meridian, while the other values decreased gradually 
as the angle increased from 180º to 90º.

The random-dot-based pattern demonstrated a different 
tendency. In the contour-based pattern, local stereopsis 
signified that the key sections matched, as opposed to the 
whole section matching, which may produce a sense of 
stereo. However, in the random-dot-based pattern, global 
stereopsis denotes that the whole section matching could 
produce a sense of stereo. Generally, fusing in the horizontal 
direction was much easier than fusing in the vertical 
direction. Therefore, aniseikonia in the vertical direction may 
interfere with stereopsis more severely than in the horizontal 
direction, which is consistent with the experimental results 
mentioned by Momeni-Moghaddam et al. (34), who reported 
global stereopsis is more sensitive to vertical misalignment 
than local stereopsis. The maximum stereopsis value 
appeared in the 90°meridian, and the minimum value 
appeared in the 180º meridian, whereas the other values 
increased gradually as the angle increased from 180º to 90º. 
However, this tendency was not as obvious as that in the 

Table 7 Comparison of 180° and 90° meridian of the Wilcoxon signed ranks test between contour-based and random-dot-based patterns

Meridians

Magnification

0 5% 10% 15% 20% 25% 30%

Z P Z P Z P Z P Z P Z P Z P

180° −0.359 0.720 −1.919 0.055 −1.171 0.242 −2.761 0.006 −3.387 0.001 −3.610 <0.001 −3.263 0.001

90° −1.801 0.072 −1.794 0.073 −2.706 0.007 −4.026 <0.001 −4.456 <0.001 −4.789 <0.001
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contour-based pattern.
Comparison between the contour-based and random-

dot-based patterns showed significant differences in 
stereoacuity in aniseikonia with 15%, 20%, 25%, and 30% 
in both the 180° and 90° meridians, respectively. However, 
the stereopsis value of the contour-based pattern was 
smaller than that of the random-dot-based pattern in the 
90° meridian, while the opposite result was obtained in 
the 180° meridian. As mentioned, different stereopsis test 
patterns measure different components of stereopsis; hence, 
the stereo thresholds of the contour-based and random-dot-
based patterns are not in perfect agreement (35). 

Local stereopsis refers to the matching of contours or 
features in two monocular pictures over a limited area 
of the retina. Without consulting other regions of the 
retinal field, the disparity between the two monocular 
perspectives is calculated using the relative locations of 
these monocular features. Local stereopsis is the process 
of obtaining depth information from monocularly visible 
contours by promoting vergence or qualitative depth 
perceptions, whereas global stereopsis is the process of cross-
correlating the left and right images (35,36). Determining 
which stereotest is "better" is complicated by the fact that 
different tests assess distinct components of stereopsis. These 
two types of stereopsis are thought to be mediated by various 
neuronal populations and are differentially impacted by 
conditions such as visual disorders, which are one of the most 
important distinctions (35,37). Typically, local stereopsis 
results in fusion and calls for a high level of binocular 
similarity between disparate images. Conversely, global 
stereopsis does not necessitate similar images in each eye, and 

these targets typically do not fuse to some extent (38).
Previous studies of aniseikonia commonly used size 

lenses, which have the advantage of being in accordance 
with a realistic situation. However, an additional disparity 
was inevitably introduced and interfered with the accuracy 
of the judgment. In our test, the additional disparity was 
converted into a systemic error, which did not affect the 
judgment of the stereo targets. The limitation was that 
this situation only appeared in the test with the aid of 
a computer and did not exist in real life. However, it is 
difficult to research the relationship between aniseikonia 
and stereopsis by simulating a situation in real life without 
introducing extra disparity. 

Conclusions

In this study, we observed that the stereoacuity decreased 
with increasing aniseikonia. Overall aniseikonia affected 
stereopsis more seriously than meridional aniseikonia. 
As the angle changed from 180º to 90º, the trend of 
stereoacuity was improved gradually in the contour-based 
pattern and deteriorated gradually in the random-dot-based 
pattern. The stereoacuity of the contour-based pattern was 
superior to that of the random-dot-based pattern in the 90° 
meridian, while the opposite result was obtained in the 180° 
meridian.
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