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Abstract

Objectives: To evaluate retinal layers, subfoveal choroidal thickness, and optic nerve head parameters in adults with 
unilateral anisometropic amblyopia using optical coherence tomography.
Methods: This comparative cross-sectional study included 41 adults with unilateral anisometropic amblyopia and 35 healthy 
controls. Optical coherence tomography measurements were obtained from amblyopic eyes, fellow eyes, and control eyes. 
Retinal analysis included the nerve fiber layer, inner plexiform layer, outer plexiform layer, inner segment/outer segment (IS/
OS) junction, retinal pigment epithelium, and subfoveal choroidal thickness. Peripapillary retinal nerve fiber layer, ganglion cell 
complex, mean macular thickness, Bruch’s membrane opening, Bruch’s membrane opening-minimum rim width, and lamina 
cribrosa-related parameters were also assessed. Comparisons were performed using linear mixed-effects models, with Bon-
ferroni correction for post hoc analyses.
Results:  After adjustment for age, significant between-group differences were mainly limited to the IS/OS parameter, 
mean macular thickness, and selected lamina cribrosa measurements. IS/OS was significantly higher in amblyopic eyes than 
in control eyes (172.55±42.50 vs 151.26±26.14; overall p=0.029, adjusted p=0.029), whereas mean macular thickness was 
lower in amblyopic eyes (246.00±20.90 vs 261.99±14.67; overall p=0.015, adjusted p=0.016). Temporal lamina cribrosa 
curve value (p=0.005), superior lamina cribrosa depth (p=0.016), temporal lamina cribrosa depth (p=0.017), and tempo-
ral lamina cribrosa width (p=0.005) also differed significantly after age adjustment. Retinal nerve fiber layer, ganglion cell 
complex, Bruch’s membrane opening, Bruch’s membrane opening-minimum rim width, subfoveal choroidal thickness, and 
lamina cribrosa curvature index showed no significant differences.
Conclusion: In adults with unilateral anisometropic amblyopia, structural changes after age adjustment were subtle and 
region-specific rather than diffuse. The main differences involved the IS/OS parameter, mean macular thickness, and selected 
lamina cribrosa-related measurements, while other retinal, choroidal, and optic nerve head parameters were largely similar 
across groups.
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Introduction

Amblyopia is a developmental visual disorder characterized 
by reduced best-corrected visual acuity that cannot be fully 
explained by an overt structural abnormality of the eye. Al-
though it has traditionally been regarded primarily as a con-
sequence of abnormal visual cortical development, this does 
not exclude the possibility that subtle retinal and optic nerve 
head changes may also accompany the disease (1).

Recent OCT studies in amblyopia have mainly focused 
on macular thickness, peripapillary retinal nerve fiber layer 
(RNFL), ganglion cell complex (GCC), and choroidal thick-
ness. However, the published findings have been inconsis-
tent. Some studies have reported thicker choroid or altered 
retinal measurements in amblyopic eyes, whereas others 
have found no significant differences in RNFL, GCC, or cen-
tral macular measurements between amblyopic, fellow, and 
control eyes (2–4).

A segmental, layer-by-layer retinal analysis may provide a 
more informative structural profile than global retinal thick-
ness measurements alone. Earlier segmentation-based stud-
ies suggested that amblyopia may not affect the retina uni-
formly and that any structural differences may be limited to 
selected retinal layers rather than the entire macular profile. 
This may help explain why studies based only on total macu-
lar thickness have produced conflicting results (2).

Interest has also expanded beyond the neurosensory ret-
ina to deeper optic nerve head structures, particularly the 
lamina cribrosa. OCT-derived parameters such as Bruch’s 
membrane opening (BMO) and BMO-minimum rim width 
(BMO-MRW) provide anatomically grounded measurements 
of the optic nerve head and neuroretinal rim, whereas lamina 
cribrosa depth (LCD), lamina cribrosa curve value (LCC), 
and lamina cribrosa curvature index (LCCI) offer additional 
information about the structural configuration and posterior 
bowing of the lamina cribrosa (5).

This issue is particularly relevant in adults with unilat-
eral anisometropic amblyopia, where structural OCT find-
ings remain less clearly defined than functional visual out-
comes. Most previous studies have concentrated on retinal 
or peripapillary measurements, whereas deep optic nerve 
head biomarkers have been evaluated much less frequently. 
A combined assessment of segmental retinal layers, subfove-
al choroidal thickness, RNFL, GCC, mean macular thickness, 
BMO, BMO-MRW, LCD, LCC, and LCCI may therefore help 
clarify whether unilateral anisometropic amblyopia in adult-
hood is associated with diffuse structural alterations or with 
more selective changes involving specific retinal and lamina 
cribrosa-related parameters (1–5).

Therefore, the aim of the present study was to perform 
a segmental analysis of retinal layers and to evaluate subfo-

veal choroidal thickness, RNFL, GCC, mean macular thick-
ness, and lamina cribrosa-related parameters including BMO, 
BMO-MRW, LCD, LCC, and LCCI in adults with unilateral 
anisometropic amblyopia, and to compare amblyopic eyes, 
fellow eyes, and healthy control eyes using OCT.

Methods

Study design and participants
This single-center comparative cross-sectional study includ-
ed 41 adults with unilateral anisometropic amblyopia and 35 
healthy controls. Written informed consent was obtained 
from all participants before enrollment, and the study pro-
tocol was approved by the local ethics committee (approval 
no. 2025/214). The study was conducted in accordance with 
the principles of the Declaration of Helsinki.

Amblyopia was defined as best-corrected visual acuity 
ranging from 20/32 to 20/400 in the eye with lower vision, 
or an interocular difference of at least two Snellen lines, with 
best-corrected visual acuity of 20/25 or better in the fellow eye. 
Anisometropia was defined as a spherical equivalent refractive 
difference greater than 1.5 diopters between the two eyes. Only 
previously untreated patients with unilateral anisometropic am-
blyopia were included in the amblyopia group.

Participants with strabismic, mixed, or deprivation am-
blyopia, organic ocular disease, previous ocular surgery, he-
reditary or acquired optic nerve or optic disc pathology, vi-
sual acuity worse than 20/400 associated with poor fixation, 
neurologic disease, or insufficient cooperation for reliable 
OCT imaging were excluded. Healthy control subjects had 
best-corrected visual acuity of 20/25 or better in both eyes, 
no significant anisometropia, no history of amblyopia treat-
ment or ocular surgery, no neurologic disease, and no clini-
cally detectable ocular pathology on slit-lamp biomicroscopy 
or fundus examination.

In the amblyopia group, eyes were classified as amblyopic 
eyes and fellow eyes according to the clinically affected side. 
In the control group, both eyes were included in the analysis 
when eligible.

Ophthalmic examination
All participants underwent a complete ophthalmic exam-
ination, including best-corrected visual acuity assessment, 
slit-lamp biomicroscopy, intraocular pressure measurement, 
cycloplegic refraction, axial length measurement and dilated 
fundus examination. Demographic and clinical characteristics 
were recorded for all participants. Spherical equivalent val-
ues were recorded for amblyopic and fellow eyes, and con-
trol participants had no clinically relevant refractive error, 
with refractive values within -0.50 to +0.50 diopters. Axial 
length values were within the normal range in both groups.

OCT acquisition protocol
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All optical coherence tomography examinations were 
performed using the same Nidek OCT device under stan-
dardized conditions. To minimize possible diurnal variation, 
all measurements were obtained between 09:00 and 11:00 
a.m. Only scans with adequate centration, clear segmenta-
tion boundaries, and acceptable image quality were includ-
ed. Each measurement was performed three times, and the 
mean of the three measurements was used for statistical 
analysis. Only scans with a signal strength of ≥8 were consid-
ered acceptable and included in the study.

Retinal, choroidal, and peripapillary measurements
Segmental retinal layer analysis included the nerve fiber layer 
(NFL), inner plexiform layer (IPL), outer plexiform layer (OPL), 
inner segment/outer segment (IS/OS) junction, and retinal pig-
ment epithelium (RPE). The IS/OS parameter was considered 
an OCT-derived reflectivity-based signal characteristic rather 
than a direct histological measurement of a discrete retinal 
structure. Subfoveal choroidal thickness was measured as the 
perpendicular distance between the outer border of the ret-
inal pigment epithelium/Bruch’s membrane complex and the 
inner scleral border at the foveal center. Peripapillary retinal 
nerve fiber layer thickness and ganglion cell complex measure-
ments were obtained using the device’s standard acquisition 
protocol and built-in segmentation software.

Deep optic nerve head and lamina cribrosa mea-
surements
Deep optic nerve head analysis included Bruch’s membrane 
opening (BMO), Bruch’s membrane opening-minimum rim 
width (BMO-MRW), lamina cribrosa depth (LCD), lamina 
cribrosa curve value (LCC), lamina cribrosa width, and lami-
na cribrosa curvature index (LCCI) (Fig. 1; Fig. 2).

BMO was defined as the termination points of Bruch’s 
membrane at the optic nerve head and served as the ana-
tomical reference for rim-based measurements. BMO-MRW 
was defined as the minimum distance between the BMO and 
the internal limiting membrane and was used as an anatomi-
cally based measure of the neuroretinal rim (Fig. 2).

Lamina cribrosa measurements were obtained from 
enhanced-depth optic nerve head B-scan images centered 
on the optic disc. The anterior lamina cribrosa surface was 
identified on each scan, and measurements were performed 
only when the relevant borders could be clearly visualized. 
A reference line was drawn by connecting the two BMO 
points. LCD was defined as the perpendicular distance from 
this reference line to the anterior lamina cribrosa surface. 
Lamina cribrosa width was defined as the distance between 
the two points used as the lateral limits of the measured 
lamina segment. LCC was defined as the maximum perpen-
dicular distance from the reference line connecting the two 
width endpoints to the most posterior point of the anteri-

or lamina cribrosa surface. LCCI was calculated as the ratio 
of LCC to lamina cribrosa width multiplied by 100. Higher 
LCCI values indicated greater posterior bowing of the lamina 
cribrosa (Fig. 2).

For quadrant-based analyses, measurements were re-
corded separately in the nasal, inferior, superior, and tempo-
ral sectors according to the scan orientation used for optic 
nerve head imaging. Repeated measurements were averaged 
to reduce random measurement variability. Manual choroidal 
and lamina cribrosa measurements were performed by a sin-
gle examiner masked to whether the image belonged to an 
amblyopic eye, fellow eye, or control eye.

Statistical analysis
All statistical analyses were performed at the eye level. Be-
cause the dataset included paired observations from the 

Figure 1. Optic disc imaging plan. The optic disc center was used as 
the reference point, and the radial scan directions are indicated by 
green lines. The red arrow shows the horizontal reference axis.

Figure 2. OCT assessment of deep optic disc excavation. The B-scan im-
age demonstrates deep optic disc excavation, with the colored lines in-
dicating the reference measurements used for structural evaluation. Red 
Line; BMO minimum rim width (BMO-MRW), Blue Line; Bruch’s mem-
brane opening(BMO), Yellow Line;Width,  Purple Line; Lamina cribrosa 
depth  (LCD),  Green Line;  Lamina cribrosa curve depth (LCC).
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same individual, namely amblyopic and fellow eyes in the am-
blyopia group and, when eligible, both eyes in the control 
group, linear mixed-effects models were used to account for 
within-subject inter-eye correlation. In these models, group 
(amblyopic eye, fellow eye, and control eye) was entered as 
a fixed effect, and subject was included as a random effect. 
Age adjustment was applied to all OCT-derived parameters 
because of the baseline age difference between the amblyo-
pia and control groups. Axial length and spherical equivalent 
were also evaluated as potential biometric and refractive 
confounders. Axial length values were within the normal 
range and did not differ meaningfully between the amblyopia 
and control groups; spherical equivalent was recorded for 
amblyopic and fellow eyes, while controls had minimal re-
fractive error. Separate models were constructed for each 
OCT-derived parameter. When the overall group effect was 
significant, Bonferroni-adjusted post hoc pairwise compari-
sons were performed. Bonferroni correction was applied to 
these post hoc pairwise comparisons and was not used as a 
global correction across all exploratory OCT-derived param-
eters. Continuous variables are presented as mean±standard 
deviation, and a two-sided p value <0.05 was considered sta-
tistically significant.

Results

A total of 41 adults with unilateral anisometropic amblyo-
pia and 35 healthy controls were included in the study. The 
mean age was 35.73±10.29 years in the amblyopia group and 
43.71±12.41 years in the control group. In the amblyopia 
group, eyes were categorized as amblyopic eyes and fellow 
eyes, whereas eligible eyes from healthy participants were 
analyzed as control eyes. The mean spherical equivalent was 
-0.74±2.39 diopters in amblyopic eyes and -0.65±1.54 diop-
ters in fellow eyes. In the control group, refractive error was 
minimal, with values within -0.50 to +0.50 diopters. Mean 

axial length was 23.52±0.69 mm in the amblyopia group and 
23.59±0.84 mm in the control group, indicating no meaning-
ful biometric imbalance between the groups.

In the age-adjusted linear mixed-effects analysis, most 
retinal and peripapillary parameters, including NFL, IPL/
INL, OPL/ONL, RPE, subfoveal choroidal thickness, RNFL 
quadrant measurements, and GCC values, did not differ 
significantly among the groups. However, the IS/OS-related 
OCT band parameter remained significantly different after 
adjustment for age (overall p=0.0293). Post hoc Bonferroni 
analysis showed that IS/OS values were significantly higher 
in amblyopic eyes than in control eyes (adjusted p=0.0292). 
Mean macular thickness also remained significantly different 
among the groups after age adjustment (overall p=0.0150), 
and the significant pairwise difference was confined to am-
blyopic versus control eyes (adjusted p=0.0163) (Tables 1; 
Table 2).

Regarding optic nerve head parameters, no significant 
between-group differences were detected for BMO or 
BMO-MRW measurements after age adjustment (Table 3). 
In contrast, several lamina cribrosa-related parameters re-
mained significantly different. Temporal LCC showed a sig-
nificant overall group effect (p=0.0051), with significant post 
hoc differences between fellow and control eyes (adjusted 
p=0.0292) and between amblyopic and control eyes (ad-
justed p=0.0105). Superior LCD also remained significantly 
different among the groups (overall p=0.0164), with ambly-
opic eyes showing greater values than control eyes (adjusted 
p=0.0095). Similarly, temporal LCD remained significantly 
different after age adjustment (overall p=0.0169), and am-
blyopic eyes demonstrated greater values than control eyes 
(adjusted p=0.0135). Temporal lamina cribrosa width also 
differed significantly among the groups (overall p=0.0049), 
with a significant reduction in fellow eyes compared with 
control eyes (adjusted p=0.0061). By contrast, LCCI values 

Table 1. Outer retinal and choroidal parameters in amblyopic, fellow, and control eyes

Parameter Amblyopic eyes Fellow eyes Control eyes
Age-adjusted  

overall p value
Significant post hoc 

comparison

RPE 243.05±46.29 239.93±33.48 232.61±24.13 NS —

IS/OS 172.55±42.50 161.55±33.95 151.26±26.14 0.0293
Amblyopic vs control 
(adjusted p=0.0292)

OPL/ONL 64.58±48.98 55.95±36.94 49.90±32.70 NS —

IPL/INL 37.38±23.80 33.52±19.44 30.30±14.64 NS —

NFL 58.95±19.47 52.67±16.50 53.71±22.98 NS —

Subfoveal choroidal thickness 220.34±82.83 208.12±55.11 219.26±54.14 NS —

Data are presented as mean±SD. Comparisons were performed using age-adjusted linear mixed-effects models. Bonferroni correction was applied for post hoc 
pairwise comparisons when the overall group effect was significant. Abbreviations: INL, inner nuclear layer; IPL, inner plexiform layer; IS/OS, inner segment/outer 
segment; NFL, nerve fiber layer; ONL, outer nuclear layer; OPL, outer plexiform layer; RPE, retinal pigment epithelium; SD, standard deviation.
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did not differ significantly among the groups in any quadrant 
after age adjustment (Table 4).

Overall, after adjustment for age and consideration of 
refractive and biometric characteristics, the between-group 
differences were mainly confined to the IS/OS-related OCT 
band parameter, mean macular thickness, and selected lam-
ina cribrosa measurements, particularly in the temporal 
sector. By contrast, the previously observed RNFL-related 
differences were no longer significant after age adjustment.

Discussion

In the present study, we performed a comprehensive OCT-
based evaluation of segmental retinal layers, subfoveal cho-
roidal thickness, RNFL, GCC, mean macular thickness, and 
deep optic nerve head/lamina cribrosa parameters in adults 
with unilateral anisometropic amblyopia. The overall pattern 
of our findings indicates that unilateral anisometropic am-
blyopia in adulthood is associated with selective rather than 

diffuse OCT-derived differences. Among the retinal layer 
measurements, only the IS/OS-related OCT band parame-
ter differed significantly, with higher values in amblyopic eyes 
than in control eyes. In addition, mean macular thickness 
showed significant intergroup differences, whereas RNFL 
and GCC measurements were broadly comparable after age 
adjustment. At the level of the deep optic nerve head, BMO, 
BMO-MRW, and LCCI were broadly similar across groups, 
while selected quadrant-specific differences were observed 
in LCC, LCD, and width, particularly in the superior and 
temporal sectors. Taken together, these findings suggest 
that OCT-derived differences in adult unilateral anisome-
tropic amblyopia, when present, are subtle, regional, and not 
uniformly distributed across all retinal and optic nerve head 
metrics (3,6).

Our retinal layer analysis supports the view that amblyopia 
may involve localized OCT-derived retinal differences rather 
than generalized retinal thickening or thinning. In our cohort, 

Table 2.  Peripapillary RNFL, ganglion cell complex, and mean macular thickness measurements

Parameter Amblyopic eyes Fellow eyes Control eyes
Age-adjusted  

overall p value
Significant post hoc 

comparison

RNFL superior 128.09±67.13 126.15±17.84 135.94±37.93 NS —

RNFL inferior 135.29±59.57 133.41±20.80 140.51±33.16 NS —

RNFL nasal 98.50±134.61 84.68±41.81 78.31±23.16 NS —

RNFL temporal 70.88±14.70 71.65±21.32 72.49±17.70 NS —

GCC superior 93.61±11.89 97.06±8.05 96.63±10.19 NS —

GCC inferior 96.30±11.98 97.15±9.08 98.31±9.51 NS —

Mean macular thickness 246.00±20.90 252.30±21.11 261.99±14.67 0.0150
Amblyopic vs control  

(adj p=0.0163)

Data are presented as mean±SD. Comparisons were performed using age-adjusted linear mixed-effects models. Bonferroni correction was applied for post 
hoc pairwise comparisons when the overall group effect was significant. Abbreviations: GCC, ganglion cell complex; RNFL, retinal nerve fiber layer; SD, standard 

deviation.

Table 3. Bruch’s membrane opening and minimum rim width measurements

Parameter Amblyopic eyes Fellow eyes Control eyes
Age-adjusted  

overall p value
Significant post hoc 

comparison

Nasal BMO 1578.72±241.51 1543.68±174.46 1617.30±164.25 NS —

Inferior BMO 1728.02±230.50 1757.70±201.85 1831.23±196.32 NS —

Superior BMO 1835.17±222.20 1871.73±243.21 1864.31±193.34 NS —

Temporal BMO 1737.07±229.33 1726.54±219.87 1784.43±194.94 NS —

Nasal BMO-MRW 348.35±121.34 378.15±120.12 361.17±112.88 NS —

Inferior BMO-MRW 327.88±132.47 367.15±149.13 365.26±130.22 NS —

Superior BMO-MRW 333.07±137.72 349.85±121.80 353.49±108.74 NS —

Temporal BMO-MRW 342.34±108.27 344.95±109.76 375.17±109.52 NS —

Data are presented as mean±SD. Comparisons were performed using age-adjusted linear mixed-effects models. Abbreviations: BMO, Bruch’s membrane opening; 
BMO-MRW, Bruch’s membrane opening-minimum rim width; SD, standard deviation.
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NFL, IPL/INL, OPL/ONL, and RPE were comparable among 
amblyopic, fellow, and control eyes, whereas the IS/OS-relat-
ed OCT band parameter differed significantly. This pattern is 
broadly consistent with earlier segmentation-based studies 
suggesting that retinal changes in amblyopia, if present, tend 
to be layer-specific rather than generalized across the retina. 
Szigeti et al. (6), for example, reported only limited macu-
lar segmentation differences after accounting for potential 
confounders, rather than evidence of a uniform structural 
abnormality. Likewise, Al-Haddad et al. (1) described quali-
tative macular ultrastructural differences in amblyopic eyes, 
including attenuation or absence of the foveal IS/OS bulge 
together with a shallower foveal pit. Although our study did 
not reproduce those exact morphologic findings, the broad-
er implication is similar in that the outer retinal OCT signal 
may be more informative than global thickness measure-
ments alone in adult amblyopia.

At the same time, the IS/OS result should be interpret-
ed cautiously. On OCT, the IS/OS-related hyperreflective 

band is commonly used as a surrogate of photoreceptor in-
tegrity, but its apparent thickness or prominence does not 
represent a true histological structure. It may be influenced 
by scan quality, segmentation behavior, foveal contour, re-
flectivity characteristics, and device-specific definitions. For 
that reason, the higher IS/OS value observed in amblyopic 
eyes is better interpreted as a reflectivity-based surrogate or 
OCT-derived signal characteristic rather than as direct proof 
of photoreceptor injury, remodeling, or a definite structural 
photoreceptor alteration. This conservative interpretation 
is consistent with the broader OCT literature in amblyopia, 
which has remained heterogeneous across age groups, imag-
ing devices, and amblyopia subtypes (3,6,7).

Subfoveal choroidal thickness did not differ significantly 
among groups in our study. This finding contrasts with some 
adult anisometropic amblyopia studies, particularly the study 
by Kantarci et al., which reported thicker subfoveal, nasal, 
and temporal choroid in amblyopic eyes, but it is in agree-
ment with other adult series reporting no clear difference in 

Table 4. Lamina cribrosa-related measurements

Parameter Amblyopic eyes Fellow eyes Control eyes
Age-adjusted 

overall p value
Significant post hoc 

comparison

Nasal LCC 376.23±98.17 387.90±120.28 414.69±97.67 NS —

Inferior LCC 407.63±112.40 387.85±119.70 425.64±97.77 NS —

Superior LCC 386.17±119.31 387.27±105.59 401.49±93.91 NS —

Temporal LCC 359.34±103.03 334.07±91.03 403.51±107.72 0.0051 Fellow vs control 
(adjusted p=0.0292); 
amblyopic vs control 
(adjusted p=0.0105)

Nasal LCD 270.12±97.98 269.37±115.60 230.51±90.05 NS —

Inferior LCD 220.39±114.84 213.95±86.28 201.56±76.15 NS —

Superior LCD 290.68±129.73 241.56±111.94 211.31±99.98 0.0164 Amblyopic vs control 
(adjusted p=0.0095)

Temporal LCD 300.90±131.01 251.32±106.98 216.73±100.21 0.0169 Amblyopic vs control 
(adjusted p=0.0135)

Nasal width 1431.05±241.38 1438.27±227.49 1537.41±176.16 NS —

Inferior width 1527.83±242.74 1546.20±209.33 1598.21±154.24 NS —

Superior width 1617.22±214.98 1640.73±241.78 1651.69±159.24 NS —

Temporal width 1530.29±212.74 1494.02±227.53 1629.69±203.47 0.0049 Fellow vs control 
(adjusted p=0.0061)

Nasal LCCI 26.70±7.69 27.70±9.24 27.27±7.07 NS —

Inferior LCCI 25.89±9.45 26.27±11.86 26.91±9.26 NS —

Superior LCCI 26.04±8.92 27.51±10.41 29.04±11.13 NS —

Temporal LCCI 25.37±8.45 27.25±9.57 27.54±6.76 NS —

Data are presented as mean±SD. Comparisons were performed using age-adjusted linear mixed-effects models. Bonferroni correction was applied for post hoc 
pairwise comparisons when the overall group effect was significant. Abbreviations: LCC, lamina cribrosa curve value; LCCI, lamina cribrosa curvature index; LCD, 
lamina cribrosa depth; SD, standard deviation.
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subfoveal choroidal thickness between amblyopic and fellow 
eyes (2,4,8,9). One plausible explanation is clinical hetero-
geneity. Choroidal thickness is influenced by age, refractive 
profile, axial length, and probably amblyopia subtype, so dif-
ferences in inclusion criteria can materially affect the result. 
In the present cohort, axial length was within the normal 
range and showed very similar mean values in the amblyopia 
and control groups, which reduces but does not completely 
eliminate the possibility of biometric confounding. Our data 
therefore add to the evidence that choroidal involvement 
is not a universal structural feature of adult amblyopia and 
may depend strongly on the characteristics of the sampled 
population (2,4,8,10).

RNFL measurements did not remain significantly different 
among the groups after adjustment for age. This finding is 
broadly in line with previous studies reporting no consistent 
diffuse peripapillary RNFL abnormality in amblyopia, includ-
ing Kantarci et al., Yakar et al., and Repka et al. A meta-analy-
sis by Li et al. also suggested that retinal findings in unilateral 
amblyopia are variable and do not support a consistent dif-
fuse RNFL abnormality. Taken together, these data and our 
results argue against a robust peripapillary RNFL abnormal-
ity in adult unilateral anisometropic amblyopia (7,8,11,12).

Another notable finding was that mean macular thickness 
was lower in both amblyopic and fellow eyes than in con-
trol eyes, whereas GCC did not differ significantly among 
groups. This combination is of interest because it suggests 
that any macular structural signal in adult amblyopia may not 
be driven primarily by ganglion cell complex changes. Pre-
served GCC measurements in adult anisometropic amblyo-
pia have also been reported previously, including in the study 
by Celik et al. In contrast, the literature on central or mean 
macular thickness has remained mixed, with some studies 
reporting thicker or altered macular morphology and others 
showing no meaningful difference (1,2,4,7,12). The fact that 
both amblyopic and fellow eyes showed lower mean macular 
thickness in our study may indicate that the relevant struc-
tural phenotype, at least in some adults with amblyopia, is 
not restricted entirely to the clinically amblyopic eye. The 
observation that both amblyopic and fellow eyes differed 
from control eyes is particularly important because it rais-
es the possibility of a bilateral developmental effect rather 
than a purely monocular consequence of reduced visual acu-
ity. From a neurodevelopmental perspective, anisometropic 
amblyopia is driven primarily by abnormal binocular visual 
experience and cortical processing; however, abnormal vi-
sual input during development may also be accompanied by 
subtle bilateral retinal or optic nerve head characteristics. 
Alternatively, these bilateral findings may reflect shared in-
dividual-level refractive or biometric factors within affected 
subjects rather than amblyopia-specific retinal remodeling. 

The similar axial length values between the amblyopia and 
control groups make a major axial-length imbalance less 
likely, but the potential influence of spherical equivalent and 
other biometric variables should still be considered. In this 
regard, the findings of Chen et al. are particularly relevant, as 
some apparent OCT differences may lose significance after 
adjustment for axial length and refractive error (4,13).

One of the strengths of the present study is the inclu-
sion of deep optic nerve head measurements, an area that 
has been only rarely investigated in adult amblyopia. BMO 
and BMO-MRW were similar among amblyopic, fellow, and 
control eyes in all quadrants. This is an important negative 
finding because BMO-MRW is considered an anatomically 
grounded measure of the neuroretinal rim, and a previous 
adult anisometropic amblyopia study specifically examining 
BMO-MRW and RNFL also found no significant structural 
difference between amblyopic and fellow eyes (5). Our re-
sults extend that observation by showing that even when 
healthy control eyes are included and inter-eye correlation 
is handled with eye-level modeling, BMO and BMO-MRW 
remain largely preserved (5,14).

The lamina cribrosa-related findings are more nuanced. 
Although temporal LCC, superior LCD, temporal LCD, and 
temporal width showed significant regional differences, LCCI 
did not differ significantly in any quadrant after age adjust-
ment. At first glance, this may appear inconsistent, but it is 
biologically plausible that individual geometric components 
of the deep optic nerve head may vary without necessarily 
producing a parallel difference in a derived curvature-based 
index. In other words, localized changes in depth or span 
do not inevitably translate into a measurable shift in overall 
curvature index. It is also noteworthy that some differenc-
es, particularly temporal LCC and temporal lamina cribrosa 
width, involved not only amblyopic eyes but also fellow eyes 
compared with control eyes. This pattern again supports a 
possible bilateral developmental or subject-level structur-
al phenotype, although it cannot distinguish between cor-
tical-developmental mechanisms, retinal/optic nerve head 
developmental characteristics, and shared refractive or 
biometric influences. Against that background, our findings 
should be regarded as exploratory evidence of subtle re-
gional geometric differences rather than definitive proof of 
lamina cribrosa remodeling in adult anisometropic amblyopia 
(3,5).

This point is important in the broader context of the 
amblyopia OCT literature. Most OCT studies in amblyopia 
have focused on retinal, macular, RNFL, GCC, or choroidal 
measurements, and direct comparison with earlier amblyo-
pia series is therefore limited. Even so, the present results 
suggest that if amblyopia is associated with optic nerve head 
structural differences in adulthood, those differences are 
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more likely to be regional, geometry-specific, and potentially 
bilateral rather than gross and diffuse. This interpretation 
also matches the overall pattern of our study, in which sig-
nificant findings clustered in selected parameters rather than 
across the entire OCT profile (3,6).

Several limitations should be acknowledged. First, the 
sample size was moderate, particularly after the analyses 
were separated by quadrant, which may have limited the 
power to detect smaller between-group effects. Second, 
some measurements, especially subfoveal choroidal thick-
ness and deep optic nerve head parameters, were obtained 
manually, although this was mitigated by averaging three 
measurements per parameter and restricting analyses to 
scans with signal strength of at least 8. Third, although axial 
length values were available, were within the normal range, 
and were similar between the amblyopia and control groups, 
axial length remains an important determinant of choroidal 
thickness, macular thickness, RNFL measurements, and lam-
ina cribrosa-related parameters. Therefore, residual biomet-
ric confounding cannot be completely excluded. Similarly, 
spherical equivalent was available in the amblyopia group and 
controls had minimal refractive error, but refractive status 
may still influence OCT-derived measurements and should be 
incorporated more extensively in larger future studies. Giv-
en the modest sample size and the large number of OCT-de-
rived parameters analyzed separately, the models were in-
tentionally kept parsimonious, and age was prioritized as the 
primary covariate because it represented the most evident 
baseline imbalance between the study groups. Bonferroni 
correction was applied to post hoc pairwise comparisons 
after a significant overall group effect, but not as a global cor-
rection across all exploratory OCT parameters; therefore, 
the lamina cribrosa-related findings should be interpreted 
cautiously. An additional limitation is the age imbalance be-
tween groups, with controls being older than participants 
with amblyopia. Given the known influence of age on several 
OCT-derived retinal, choroidal, and optic nerve head param-
eters, residual confounding cannot be excluded despite age 
adjustment. Finally, the cross-sectional design precludes any 
inference about developmental sequence or causality. These 
issues should be considered when interpreting both the pos-
itive and negative findings.

Conclusion

In conclusion, adults with unilateral anisometropic amblyo-
pia showed selective OCT-derived differences involving the 
IS/OS-related OCT band parameter, mean macular thick-
ness, and selected regional lamina cribrosa measurements, 
while RNFL, GCC, BMO, BMO-MRW, and LCCI were 
largely comparable among groups. The involvement of 

some fellow-eye parameters may indicate a bilateral devel-
opmental or subject-level structural phenotype rather than 
a strictly monocular effect. However, the findings should 
be interpreted cautiously because OCT-derived outer ret-
inal signals are device- and segmentation-dependent and 
because refractive and biometric variables may influence 
several of the measured parameters. Larger prospective 
studies incorporating detailed axial length and refractive 
adjustment are needed to clarify the structural significance 
of these findings.
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