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PURPOSE. To investigate the relationship between unilateral metamorphopsia, character-
ized by visual distortions in one eye, and impaired stereopsis.

METHODS. Utilizing both near and distance measurements through advanced testing
systems, including 4K smartphones and an active shutter three-dimensional system, we
simulated varying degrees of unilateral metamorphopsia in 30 healthy young adults
aged between 21 and 29 years. Two types of contour-based stereotest symbols, lines
and squares, were developed. Distortions were classified into six distinct patterns, each
further divided into eight grades of severity. Participants were tasked with identifying
visual targets, and their stereothresholds were determined under different conditions of
induced distortion. Stereopsis was measured within a range of 2.9 to 1.0 log arcsec,
at 0.2 log arcsec intervals. Stereopsis changes under different distortion scenarios were
analyzed using the generalized estimating equations, with a sequential Bonferroni adjust-
ment applied for pairwise comparisons.

RESULTS. A direct and quantifiable correlation was observed between the severity of meta-
morphopsia and reductions in stereopsis. As the degree of visual distortion increased,
notably in both frequency and amplitude, there was a corresponding decline in stere-
opsis. This relationship held true in both near and distance measurements of stereopsis.
Statistical analyses further reinforced these findings, highlighting a significant detrimental
effect of distortion components on stereoacuity.

CONCLUSIONS. The findings highlight the clinical significance of understanding the inter-
play between unilateral metamorphopsia and stereopsis. Early interventions in conditions
leading to metamorphopsia might be critical to maintaining optimal stereopsis.

Keywords: distortion, metamorphopsia, smartphone, stereopsis

S tereopsis, or depth perception in the human visual
system, results from binocular disparity as each eye sees

a slightly different image due to their separation, which the
brain combines into a single depth-perceived image.1 Essen-
tial for accurate depth judgment and eye–hand coordina-
tion, it supports everyday activities and specialized tasks
like microsurgery.2,3 Impairments in stereopsis can cause
deficits in visually guided hand movements,4 gait changes,5

or increased risk of falls and hip fractures.6,7 Its complex-
ity, extending from the retina to the visual cortex, renders
it sensitive to disruptions. Disturbances within this pathway
can significantly impact stereoscopic vision, leading to chal-
lenges in activities requiring precise spatial awareness and
fine motor skills.8

Metamorphopsia, characterized by visual distortions
where lines and flat surfaces appear curvy, wavy, or bulging,
impacts patient perception significantly.9 It is frequently
associated with macular diseases, including age-related
macular degeneration (AMD), macular hole (MH), and
epiretinal membrane (ERM), which disrupt the retinal struc-
ture and photoreceptor layer.10 These distortions challenge
tasks requiring precision vision like reading and facial recog-
nition.11,12 Initially detected through the Amsler grid, where
patients report perceived distortions in a grid of straight

lines, the reliance on subjective patient input underscores
the necessity for more objective, quantitative assessment
methods.9,10

Advanced tools like the Sine Amsler Charts (SACs) and
Morphision offer more objective and repeatable methods
for metamorphopsia assessment. SACs use sinusoidal lines
allowing patients to match their distortion levels, notably
in ERM cases, while Morphision employs various sine
wave frequencies and amplitudes for patient feedback and
quantification.13,14 Additionally, M-CHARTS and preferen-
tial hyperacuity perimetry (PHP) aid in the quantification
of metamorphopsia and early detection of conditions like
AMD.15,16

The co-occurrence of metamorphopsia with decreased
stereopsis in conditions like MH and ERM suggests a
complex, underexplored relationship.17,18 Metamorphop-
sia disrupts the spatial alignment of visual information,
leading to potential differences in the images each eye
relays to the brain, which could compromise stereop-
sis.18,19 The limited direct evidence in scientific litera-
ture underscores the need for further investigation into
how metamorphopsia affects stereopsis to fully under-
stand this interaction and its clinical implications. Explor-
ing the severity level at which metamorphopsia significantly
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impacts stereopsis presents another interesting aspect of this
study.

This study examines the impact of unilateral metamor-
phopsia on stereopsis, hypothesizing that varying levels of
artificially induced visual distortions affect stereoacuity. By
simulating unilateral metamorphopsia in healthy individu-
als using 48 distortion combinations of different types and
severities, we aim to mirror unilateral metamorphopsia expe-
riences and quantitatively evaluate stereoacuity changes.

Considering the clinical emphasis on near stereotests for
conditions like AMD, ERM, and MH,17,20,21 our study expands
to include both near and distance stereopsis assessments.
This approach acknowledges that distance and near tests
probably measure different aspects of binocular vision.22

Given that visual impairments’ impact on stereopsis may
vary between near and far conditions,23,24 incorporating
both measurement ranges aims to provide a comprehensive
understanding of how metamorphopsia affects stereopsis.
This may enhance diagnostic and therapeutic strategies for
conditions involving metamorphopsia and stereopsis impair-
ment.

METHODS

Participants

We recruited 30 medical students (19 females, 11 males;
aged 21–29 years) with a best-corrected visual acuity of
0.0 logMAR or better and stereothresholds of 40′′ or better,
measured by the Fly Stereo Acuity Test (Stereo Optical
Company, Chicago, IL, USA). All participants provided writ-
ten informed consent. This study adhered to the Declaration
of Helsinki and received ethics approval from the Second
Hospital of Jilin University (No. 2022-261).

Test System

Equipment. Near stereopsis was assessed using a
phoropter paired with two 4K smartphones (Sony Xperia
XZ Premium; Sony Mobile Communications, Tokyo, Japan)
with a resolution of 3840 × 2160.25,26 Utilizing two 5.5�
base out Risley prisms, participants could fuse the images
from the two smartphones into one, producing a minimum
disparity of 10′′ (1 pixel) at a 0.65-m viewing distance on
the phoropter’s near-vision test rod (Topcon VT-10; Topcon
Corp, Tokyo, Japan) (Fig. 1A).

Distance stereopsis was evaluated using an active shut-
ter three-dimensional (3D) system, comprising a 3D laptop
(ASUS G750Y47JX, 17.3-in. 16:9 full HD 3D [1920 × 1080
120 Hz]; ASUSTEK Computer, Taipei, Taiwan) and 3D shut-
ter glasses (NVidia 3D Vision 2 Wireless Glasses Kit; Express-
way, Santa Clara, CA, USA). NVidia 3D Vision Photo Viewer
was used to display 3D images.27 The test was conducted at
4.1 m, ensuring visual angle consistency with near measure-
ments, where 1 pixel of disparity equaled 10′′ (Fig. 1B).

Test Symbols

Two stereogram types were utilized: lines and squares.
Linear Test Symbols. For linear units, each line

measured 550 pixels in length and 44 pixels in width.
Four vertical lines were aligned horizontally for the test,
with a reference line placed on each side for compari-
son. These reference lines were identical in appearance to
the four test lines but did not contain disparities. Among

FIGURE 1. Photograph of the testing system. (A) Photograph show-
ing a phoropter and two 4K smartphones used to test near stereop-
sis. (B) Photograph showing a 3D laptop test system used to test
distance stereopsis.

the four central test lines, one was randomly selected as
the stereo target, which appeared to stand out from the
plane due to its crossed disparity. In each test, participants
could identify the stereo target from these four options
when their stereothreshold was below the set disparity
(Fig. 2A).

Square Test Symbols. Each square in the square units
measured 218 × 218 pixels with line widths of 28 pixels.
Among four squares arranged in a diamond configuration,
one was randomly selected as the stereo target. This target
square was distinguishable as it appeared to stand out from
the plane due to crossed disparity. Participants could iden-
tify the stereo target from these four options when their
stereothreshold was below the set disparity (Fig. 2B).

Test Pages

Comparison of Newly Designed and Conven-
tional Contour Symbols. To compare our new designs
with conventional contour symbols, we devised two test
pages: one for linear (Fig. 2A) and one for square symbols
(Fig. 2B). Both were compared to the quantitative measure-
ment section of the Fly Stereo Acuity Test, with disparities
set at 40′′, 30′′, 20′′, and 10′′ (Fig. 2C).

Determining the Stereothreshold. For near
measurements, each set of linear stereograms comprised
three test pages. These pages featured 10 distinct dispari-
ties, specifically: 800′′ (2.9 log arcsec), 500′′ (2.7 log arcsec),
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FIGURE 2. Simulation of perceptions generated by test images. If a patient’s stereothreshold is lower than the displayed disparity, the target
appeared as protruding. (A) Near measurement of stereopsis using linear symbols. The disparities of the two targets are 40′′ and 30′′,
respectively. (B) Near measurement of stereopsis using square symbols. The disparities of the two targets are 40′′ and 30′′, respectively.
(C) Near measurement of stereopsis using conventional contour symbols. The disparities of the target circles are 40′′ and 30′′, respectively.

320′′ (2.5 log arcsec), 200′′ (2.3 log arcsec), 120′′ (2.1 log
arcsec), 80′′ (1.9 log arcsec), 50′′ (1.7 log arcsec), 30′′ (1.5
log arcsec), 20′′ (1.3 log arcsec), and 10′′ (1.0 log arcsec).
Distance measurement with linear stereograms used 10
pages, each with one of these disparities.

Square stereograms for near tests had five pages, each
with two disparities from 800′′ to 10′′. Square stereograms for
distance tests have 10 pages, each with one of these dispar-
ities on each.

Metamorphopsia Simulation

To simulate unilateral metamorphopsia, the test image for
the right eye remained unchanged, whereas the left eye
was presented with images in which the test symbols were
replaced with distorted variants. We adopted six distinct
patterns (A to F), each with eight severity grades (1 to
8), to represent a range of visual distortions similar to
patient experiences. Specifically, patterns A to D pertained
to line symbols, while E and F corresponded to square
symbols. This classification takes inspiration from SACs and
Morphision, which quantify metamorphopsia by compar-
ing distortions perceived in the affected eye against simu-
lated distortions viewed with the contralateral normal eye.
Our approach, informed by these practices, aims to accu-
rately replicate the diverse metamorphopsia encountered
clinically.

Linear Test Patterns. Straight lines of the test symbols
were substituted with sinusoidal lines of varying frequency
and amplitude, creating different patterns and grades of
distortion. These were generated using the LaTeX typeset-
ting system for precise frequency and amplitude adjust-
ments. With L representing line length, sine curve cycles
were set to 0.5 (A), 1 (B), 2.5 (C), and 4 (D), equating to
spatial frequencies of 0.5, 1, 2.5, and 4 cycles per L. Every
pattern was categorized into eight grades, with amplitudes
incrementing in 0.005 L steps from 0.005 to 0.04 L. To clarify,
the percentage deviations for grades 1 through 8 were 0.5%,
1%, 1.5%, 2%, 2.5%, 3%, 3.5%, and 4%, respectively. Here,
the amplitude signifies the maximum deviation of the wave
from its center (Fig. 3).

Square Test Patterns. Two distortion patterns were
used: cushion-like (E) and barrel-like (F), created using sinu-

soidal functions. Each square side transformed with sine
curves of uniform frequency but escalating amplitudes—
curves bent inward for cushion-like and outward for barrel-
like distortions. Assuming L represents the side length, each
curve featured 0.5 cycles, achieving a spatial frequency of 0.5
cycles per L. Similar to linear patterns, these also included
eight grades with amplitudes increasing in 0.005 L steps
from 0.005 to 0.04 L (Fig. 4).

Test Procedure

Participant refraction was determined using standard optom-
etry protocols, followed by appropriate refractive correc-
tions during stereopsis measurements. For near measure-
ments, corrective lenses were placed in the phoropter’s
observation aperture. For distance measurements, corrective
trial lenses were provided in a trial frame as necessary. The
stereopsis of all 30 participants was first tested using the
newly designed and conventional contour symbols, followed
by measurements of stereopsis under simulated metamor-
phopsia conditions.

Comparison of Newly Designed and Conven-
tional Contour Symbols. The order of near and distance
measurements was randomized in advance. Participants
were instructed to identify the stereo target from both the
Fly test pages (ranging from 40′′ to 10′′) and the newly
designed patterns, which encompassed both line and square
symbols (again, from 40′′ to 10′′). The minimal stereo target
that could be distinguished was documented as the partic-
ipant’s stereothreshold. Additionally, the presentation order
for the Fly, line, and square stereograms was predetermined
randomly.

Determination of Stereothreshold Under Simu-
lated Metamorphopsia Conditions. To emulate the
experience of unilateral metamorphopsia, the right eye was
presented with undistorted test pages, while the left eye
viewed pages with induced distortions. The order of near
and distance measurements was randomized in advance, as
was the sequence for the six distinct patterns, labeled A
through F. For each pattern, testing began with the highest
distortion level (grade 8) and proceeded in decreasing order
to grade 1. Participants were tasked with identifying the
symbol (line or square) that appeared to protrude from the
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FIGURE 3. Legend of test page 1 with distortion of B4 for near measurement. (A) Image for the left eye. (B) Image for the right eye.
(C) Simulation of the perceived images. The disparities of the target circles are 800′′, 500′′, 320′′, and 200′′. In the test images, the right eye
image remains unchanged, while the symbols in the left eye image are replaced with sinusoidal curves having a frequency of 1 (type B)
and an amplitude of 0.02 (grade 4).

FIGURE 4. Legend of test page 5 with distortion of E8 for distance measurement. (A) Image for the left eye. (B) Image for the right eye.
(C) Simulation of the perceived images. The disparity of the target square is 120′′. In the test images, the right eye image remains unchanged,
while the four sides of the squares in the left eye image are replaced by four identical sinusoidal curves with a frequency of 0.5 (type E)
and an amplitude of 0.04 (grade 8).

plane. The evaluation started at a disparity of 800′′, decreas-
ing incrementally to 10′′. The participant’s final correct iden-
tification was noted as their stereothreshold. If a participant
was unable to identify at the starting 800′′ disparity, their
stereoacuity was recorded as 1260′′ (3.1 log arcsec). This
methodology allowed for determining the participant’s stere-
opsis within a range of 2.9 log arcsec (800′′) to 1.0 log arcsec
(10′′), in increments of 0.2 log arcsec (Fig. 5).

Statistical Analysis

Statistical analysis was performed using SPSS (version 27.0;
IBM Corp, Armonk, NY, USA) and GraphPad Prism (version

8.0.1; GraphPad Software, San Diego, CA, USA). Stereopsis
values were transformed to log arcsec values for analysis.
The Shapiro–Wilk test assessed the normality of stereoacu-
ity distribution. Given that the measures were not normally
distributed, the Wilcoxon signed-rank test and Kendall’s
coefficient of concordance (Kendall’s W) were utilized to
gauge the consistency between newly designed and tradi-
tional contour symbols. To address the repeated measures
in our data and assess the impact of simulated distor-
tion on stereoacuity, we utilized generalized estimating
equations (GEEs) with an unstructured covariance matrix
and a linear link function. A sequential Bonferroni adjust-
ment was used for pairwise comparisons. An alpha value
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FIGURE 5. Flowchart of the test procedure for determining the threshold for near or distance stereopsis under induced distortion.

of ≤0.05 was established for all tests, denoting statistical
significance.

RESULTS

Comparison of Newly Designed and Conventional
Contour Symbols

The median values for near stereopsis, expressed in log
arcsec, for the Fly, linear, and square test symbols were
1.30, 1.40, and 1.30, respectively. For distance stereopsis,
the median value remained consistent at 1.30 for all three
test symbols. For individual stereopsis values using the Fly,
linear, and square test symbols, see Supplementary Table S1.

The Wilcoxon signed-rank test showed no significant
difference between the stereothresholds measured by linear
and conventional symbols (Z = −1.059, P = 0.289 for near
measurement; Z = −0.241, P = 0.810 for distance measure-
ment). Kendall’s W tests indicated a significant agreement
between stereothresholds measured by linear and conven-
tional symbols (Kendall’s W = 0.840, P = 0.012 for near;
Kendall’s W = 0.857, P = 0.010 for distance). Similar tests

for square versus conventional symbols revealed no signifi-
cant difference in stereothresholds (Z = −1.493, P = 0.136
for near; Z = −0.206, P = 0.837 for distance) but showed
significant agreement (Kendall’s W = 0.903, P = 0.005 for
near; Kendall’s W = 0.829, P = 0.015 for distance).

Determination of Stereothreshold Under
Simulated Metamorphopsia Conditions

The medians and interquartile ranges (IQRs) of stereopsis
values (log arcsec) for near and distance measurements are
shown in Table 1 and Table 2, respectively. The stereopsis
values increased with the increase of amplitude of distor-
tion; this was observed across all six patterns in both near
and distance measurements. For individual participant data,
see Supplementary Table S2 for near and Supplementary
Table S3 for distance measurements.

For Patterns A, B, C, and D. The impact of distor-
tion’s components—delineated into four frequency types (A,
B, C, D) and varying amplitudes—on stereoacuity was quan-
titatively assessed using GEEs.

TABLE 1. Median (IQR) of Near Stereopsis Values (log arcsec) Under Varied Induced Distortion Conditions

Types

Grades A B C D E F

1 1.30 (0.50) 1.30 (0.20) 1.50 (0.20) 1.50 (0.40) 1.30 (0.50) 1.50 (0.40)
2 1.30 (0.20) 1.50 (0.20) 1.70 (0.25) 1.70 (0.40) 1.50 (0.28) 1.50 (0.40)
3 1.40 (0.20) 1.50 (0.40) 1.90 (0.45) 2.10 (0.65) 1.50 (0.40) 1.70 (0.40)
4 1.50 (0.25) 1.70 (0.20) 2.30 (0.65) 2.30 (0.60) 1.70 (0.20) 1.90 (0.25)
5 1.50 (0.40) 1.70 (0.65) 2.30 (0.40) 2.50 (0.60) 1.70 (0.20) 1.90 (0.20)
6 1.50 (0.40) 2.10 (0.80) 2.70 (0.45) 2.90 (0.65) 1.70 (0.20) 1.90 (0.05)
7 1.70 (0.60) 2.30 (0.65) 2.90 (0.40) 3.00 (0.20) 1.90 (0.40) 1.90 (0)
8 2.10 (0.65) 2.50 (0.40) 3.10 (0.20) 3.10 (0.20) 2.10 (0.60) 1.90 (0.20)
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TABLE 2. Median (IQR) of Distance Stereopsis Values (log arcsec) Under Varied Induced Distortion Conditions

Types

Grades A B C D E F

1 1.30 (0.13) 1.30 (0.33) 1.30 (0.40) 1.30 (0.68) 1.30 (0.25) 1.30 (0.20)
2 1.30 (0.28) 1.50 (0.40) 1.70 (0.45) 1.70 (0.65) 1.50 (0.40) 1.50 (0.20)
3 1.30 (0.60) 1.50 (0.60) 1.70 (0.20) 1.90 (0.65) 1.50 (0.20) 1.50 (0.45)
4 1.50 (0.60) 1.70 (0.60) 1.90 (0.60) 2.10 (0.60) 1.70 (0.20) 1.90 (0.40)
5 1.70 (0.45) 1.90 (0.60) 2.30 (0.40) 2.50 (0.65) 1.70 (0) 1.90 (0.20)
6 1.80 (0.50) 1.90 (0.60) 2.50 (0.05) 2.50 (0.40) 1.70 (0.20) 2.00 (0.20)
7 1.90 (0.80) 1.90 (0.60) 2.50 (0.60) 2.70 (0.60) 1.80 (0.20) 2.10 (0.20)
8 2.10 (0.65) 2.30 (0.45) 3.10 (0.45) 3.10 (0.45) 1.80 (0.20) 2.10 (0.05)

For near measurement, GEEs revealed significant main
effects for both amplitude (χ2(1) = 759.383, P < 0.001)
and frequency type (χ2(3) = 29.669, P < 0.001). Ampli-
tude, treated as a continuous variable, was positively asso-
ciated with stereoacuity, indicating that increases in ampli-
tude corresponded to a deterioration in stereopsis (B =
0.189, P < 0.001). Pairwise comparisons confirmed signif-
icant differences in stereopsis among all types (all P ≤
0.001), with type D being the most detrimental to stereoacu-

ity, followed by types C and B, while type A had the
least impact. Furthermore, the interaction between type and
amplitude was significant (χ2(3) = 104.442, P < 0.001), illus-
trating that the impact of amplitude on stereoacuity varies
according to frequency type. Specifically, the association
between increased amplitude and poorer stereoacuity was
more pronounced for types B (B = 0.120, P < 0.001), C (B
= 0.204, P < 0.001), and D (B = 0.193, P < 0.001) compared
to type A, as depicted in Figure 6A.

FIGURE 6. Relationship between induced distortion and stereopsis values (log arcsec). (A) Relationship between distortion of patterns A to
D and near stereopsis. (B) Relationship between distortion of patterns A to D and distance stereopsis. (C) Relationship between distortion
of patterns E and F and near stereopsis. (D) Relationship between distortion of patterns E and F and distance stereopsis. In these plots, the
horizontal coordinate represents amplitude, described as the percentage deviation from the center, and the vertical coordinate represents
the log arcsec values of stereopsis. Datapoints and error bars represent median with IQR.
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For distance measurement, GEEs revealed significant
main effects for both amplitude (χ2(1) = 523.805, P < 0.001)
and frequency type (χ2(3) = 12.619, P = 0.006). Ampli-
tude was positively associated with stereoacuity, indicating
that increases in amplitude corresponded to a deteriora-
tion in stereopsis (B = 0.228, P < 0.001). Pairwise compar-
isons confirmed significant differences in stereopsis among
all types (P < 0.001 to P = 0.037), with type D being the
most detrimental to stereoacuity, followed by types C and B,
with type A having the least impact. Additionally, the inter-
action between type and amplitude was significant (χ2(3) =
62.287, P < 0.001), denoting that the influence of amplitude
on stereoacuity varies according to frequency type. Specifi-
cally, the detrimental association between increased ampli-
tude and stereoacuity was more pronounced for types B
(B = 0.039, P = 0.008), C (B = 0.160, P < 0.001), and D
(B = 0.172, P < 0.001) compared to type A, as depicted
in Figure 6B.

For Patterns E and F. The influence of varying ampli-
tudes on stereoacuity within the contexts of metamorphop-
sia’s groups E and F was analyzed using GEEs.

For near measurement, there were significant main effects
of amplitude in both groups (E: χ2(1) = 148.514, P < 0.001;
F: χ2(1) = 42.860, P < 0.001), with increases in amplitude
consistently leading to poorer stereoacuity for both groups
(E: B = 0.192,P< 0.001; F: B = 0.129,P< 0.001), as depicted
in Figure 6C.

Distance measurements revealed significant main effects
of amplitude in both groups (E: χ2(1) = 49.266, P < 0.001; F:
χ2(1) = 162.275, P < 0.001). A rise in amplitude was consis-
tently associated with an increased deterioration in stereop-
sis for both groups (E: B = 0.134, P < 0.001; F: B = 0.210,
P < 0.001), as demonstrated in Figure 6D.

DISCUSSION

In this study, line and square stereotest symbols were intro-
duced and compared with traditional contour symbols for
both near and distance vision. The results showed high
concordance with conventional symbols, suggesting their
potential effectiveness in stereoacuity measurement. Chosen
for their sensitivity to visual distortions common in macu-
lar diseases, lines effectively detect subtle changes like
waviness, while squares capture complex patterns such as
cushion-like distortions.9,13,28 These shapes, combined with
varied frequencies and amplitudes, could effectively simu-
late the diverse perceptual experiences of patients with
metamorphopsia, a key aspect in assessing their impact on
stereopsis.

In our study, the simulation of visual distortions, encom-
passing six patterns and eight grades, is informed by
the empirical results and methodologies of the SACs and
Morphision tests. Our use of sinusoidal lines corresponds to
the frequencies and amplitudes utilized in the Morphision
test, aligning with clinically observed patterns of metamor-
phopsia. The SAC method, employed with 63 ERM patients,
showed that these patients experienced metamorphopsia
within five of the eight possible amplitude grades.14 Simi-
larly, the Morphision study, involving 25 patients with unilat-
eral macular diseases, indicated that patients identified meta-
morphopsia corresponding to specific distortion patterns (A
to E) with varied amplitudes.13

Subsequently, we explored the link between unilateral
metamorphopsia and stereopsis, revealing a direct correla-
tion: the severity of visual distortion, in both frequency and

amplitude, was closely associated with stereopsis impair-
ment. Increased amplitude of metamorphopsia in square
test symbols (E, F) aligns with impaired stereopsis in both
near and distance vision. This is evident in both cushion-
like (E) and barrel-like (F) distortions, with the former
commonly observed in patients with MH.13,28 Similarly,
linear test symbols (A, B, C, D) demonstrate a rise in
stereoacuity with greater frequency and amplitude of meta-
morphopsia, although the degree of impact varies across
frequencies.

Unilateral metamorphopsia involves one eye perceiving
a distorted image while the other maintains a clear view.
The resulting discrepancy disrupts the normal processes of
image fusion and binocular disparity, both of which are
foundational to stereopsis. Consequently, the severity of
visual distortion, particularly in the affected eye, directly
correlates with a reduction in stereopsis. Our findings align
with the understanding that greater differences in visual
input between the two eyes present more significant chal-
lenges for the brain’s ability to construct a reliable 3D
perception.

Considerable interindividual differences in the effect of
visual distortion on stereoacuity were noted, as evidenced
by wider IQRs in certain testing conditions. Such findings
indicate individual variability in sensitivity to induced visual
distortions, emphasizing the need to consider personal reac-
tions in clinical assessments.

The literature suggests a potential correlation between
metamorphopsia and stereopsis, although definitive conclu-
sions remain elusive.17,20,29,30 Piano et al.30 reported a
quantitative correlation between the severity of percep-
tual visual distortions and poorer stereopsis among ambly-
opic subjects, using Frisby or preschool Randot stereotests.
Similarly, research has often highlighted the co-occurrence
of metamorphopsia and reduced stereopsis in retinal
diseases.17,18 However, studies show inconsistent results
regarding a direct correlation. For example, Okamoto et
al.20,31 observed that metamorphopsia severity, assessed
using M-CHARTS, correlated positively with TNO stereotest
scores in both ERM patients and postsurgery unilateral
retinal detachment patients, but this correlation was not
evident with the Titmus stereotest. In contrast, studies
on MH and branch retinal vein occlusion patients, along
with additional research on ERM surgeries, did not find
a significant correlation between metamorphopsia sever-
ity and stereoacuity.17,29,32 The stereotests employed in
these studies primarily focused on near vision, lack-
ing assessments for distance stereopsis. Our research
contributes quantitative evidence supporting the correla-
tion between metamorphopsia and stereopsis impairment
across both near and distance vision, indicating that meta-
morphopsia significantly impacts the ability for depth
perception.

Aniseikonia, involving perceived image size differences
between eyes, is intricately linked with metamorphop-
sia.33 Aniseikonia relates to photoreceptor density variations,
while metamorphopsia involves their distribution; both are
rooted in abnormal photoreceptor alignment.34,35 Studies
show a connection between aniseikonia and metamorphop-
sia, both associated with retinal displacement and thicken-
ing of the inner nuclear layer.34,36–40 Notably, studies indicate
a significant correlation between increased aniseikonia and
declined stereopsis.20,41 Aniseikonia and metamorphopsia,
by creating a mismatch in the images perceived by each eye,
disrupt the brain’s ability to process a unified 3D image. The
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intricate mechanisms underlying these relationships remain
an area of ongoing exploration.

In exploring the severity threshold of metamorphop-
sia that leads to significant stereopsis impairment, under-
standing test–retest reliability for conventional stereotests is
essential. Previous studies42,43 suggest that a change of at
least two octaves, equivalent to a 0.6 log arcsec alteration
in stereoacuity, is commonly used to delineate significant
changes beyond the test–retest variability observed in clin-
ical stereotests. With our study’s baseline at 1.3 log arcsec
(20′′), declines beyond 1.9 log arcsec (80′′) are deemed
significant. The data show such notable deterioration mainly
in the higher grades of patterns C and D, suggesting a
substantial degree of metamorphopsia is needed for a signif-
icant stereoacuity change. Thus, early detection and manage-
ment of metamorphopsia may greatly mitigate its effect on
stereopsis.

As metamorphopsia progresses, individuals may face
challenges in activities requiring binocular stereovision,
such as grasping and other motor skills tasks.3,44 This can
be underscored by the fact that individuals may experience
metamorphopsia in daily life, even when clinical measure-
ments do not indicate significant distortions.45 With the
increasing prevalence of retinal diseases like AMD and ERM,
which often lead to metamorphopsia, fully understanding its
clinical impact is crucial.46–48

This study has several limitations. The use of contour-
based stereoscopic test symbols might introduce monoc-
ular cues, potentially affecting the measured stereopsis.
The simulated distortion scenarios might not capture the
full range of metamorphopsia experienced clinically. More-
over, the potential impact of top-down influences on the
perception of metamorphopsia was not explored.49 The age
group of our young adult cohort also diverges from the
typical elderly demographic affected by AMD, ERM, and
others, which could limit the generalizability of our find-
ings.46,50–52 Furthermore, given that clinical stereotests are
not interchangeable,53 the relationship between metamor-
phopsia and stereoacuity observed in this study might differ
from those observed in other tests. Future research involv-
ing broader age groups and various stereotests may provide
additional insights.

CONCLUSIONS

Our study demonstrated a direct correlation between unilat-
eral metamorphopsia severity and impaired stereopsis. As
the degree of visual distortion increased in one eye, stere-
opsis correspondingly declined. These findings highlight the
need for early intervention in metamorphopsia to maintain
stereopsis and underscore the clinical importance of thor-
ough assessments and customized treatments for affected
patients.
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