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Purpose: The purpose of this study is to compare the macular thickness, foveal thickness, and retinal nerve fiber layer (RNFL) 
thickness in amblyopic eyes with those of fellow non-amblyopic eyes using spectral-domain optical coherence tomography (OCT).
Methods: A cross-sectional, observational study was conducted with amblyopic subjects from August 2022 to December 2024. 
A pilot study was carried out using simple random sampling technique. The study involved OCT-based measurement of macular, 
foveal, and RNFL thickness in amblyopic and non-amblyopic eyes using standardized imaging protocols. Data were analysed using 
appropriate statistical tests (paired and independent t-tests) based on normality results to compare values across eye types and gender.
Results: The results showed significantly higher macular, foveal, and RNFL thickness in amblyopic eyes compared to non-amblyopic 
eyes (p < 0.05), with no significant differences between anisometropic and mixed amblyopia subtypes. Gender had no significant effect 
on retinal thickness, except for superior RNFL thickness, which was higher in the anisometropic group of non-amblyopic eyes.
Conclusion: This study confirms that amblyopia involves both functional and structural retinal changes, notably in the macula and 
RNFL, regardless of type or gender. OCT proves valuable in detecting these changes, and future studies should focus on axial length 
correction and post-treatment outcomes.
Keywords: refractive amblyopia, mixed amblyopia, optical coherence tomography, macular thickness, foveal thickness and RNFL 
thickness

Introduction
Amblyopia, or “lazy eye,” is one of the most common causes of preventable visual impairment in children, with 
significant long-term effects on quality of life, school performance, and vision. If diagnosed in a timely manner, 
amblyopia is in large part preventable and frequently treatable with proper therapy.1,2 Amblyopia is clinically character
ized by a reduction in best-corrected visual acuity (BCVA) in one eye or both eyes as a consequence of pathological 
visual development in the absence of underlying organic ocular disease detected by physical examination. It is most often 
caused by abnormal binocular interaction or form-deprivation within the critical period of visual development.1,2 The 
American Academy of Ophthalmology says that amblyopia is diagnosed when there is an interocular difference in two or 
more lines of visual acuity on a logMAR chart, or when visual acuity in one eye is worse than or equal to 20/30 with or 
without optimal refractive correction.3

Amblyopia can be categorized as mild, moderate, or severe, depending on the degree of BCVA loss.4 Of all the 
diagnostic criteria, a BCVA of ≤20/40 or an interocular difference of ≥2 lines has the highest detection rate of amblyopia, 
with an estimated prevalence of approximately 2.5%.5 The global prevalence of amblyopia varies between 1.44% and 
1.75%, with a big meta-analysis that included more than 4.6 million children estimating a global prevalence of 1.36%. Of 
particular note is the fact that the condition is very slightly more common in males (1.40%) than in females (1.24%), the 
highest geographical rate being seen in Europe (2.66%) and the lowest in Africa (0.38%).6 The prevalence in Asia is 
1.16%. Alarmingly, the estimated number of affected people worldwide is set to rise from 99.2 million in 2019 to 
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221.9 million in 2040.5 Indian reports have indicated wide-ranging prevalence rates, such as a very high rate of 9.1% in 
rural Telangana and 2.5% in Bhopal.7,8

Amblyopia develops as a result of interference with normal visual stimulation of the cortical visual pathways during 
the critical period of neurodevelopment, extending from birth to about 7–8 years of age.9 Cortical visual areas are very 
plastic and sensitive to input from both eyes during this time. Any disruption, like strabismus (misalignment of eyes), 
uncorrected high refractive errors, cataracts, or ptosis, can interfere with cortical development, creating amblyopia.9 

Visual information coming from the retina and processed along the visual pathway can become deformed through such 
interruption, producing maladaptive cortical modifications. These are corroborated by neurophysiological findings, 
revealing smaller cortical oscillatory responses and less activity within both the extrastriate and striate cortices among 
amblyopic individuals, with a different level of connectivity between dorsal and ventral visual pathway streams.10,11

Amblyopia is etiologically divided into a number of different types, such as refractive amblyopia (anisometropia or 
isometropia), strabismic amblyopia, mixed mechanism amblyopia, stimulus deprivation amblyopia (congenital cataract 
or ptosis), and occlusion amblyopia (over patching the dominant eye).12 Several risk factors for the development of 
amblyopia have been identified, such as premature birth, low birth weight, neurodevelopmental delay, family history of 
amblyopia, bronchopulmonary dysplasia, and delayed referrals for ocular assessment.13–15 Children with conditions like 
infantile esotropia are especially susceptible to developing amblyopia, though cross-fixation may provide some 
protection.16

Stereopsis impairment in amblyopia primarily results from suppression of the amblyopic eye rather than reduced visual 
acuity alone. Hence, treatments targeting both suppression reduction and acuity improvement are vital.17–19 While traditional 
management follows sequential optical correction and occlusion therapy, combined and alternative approaches—such as 
pharmacological penalization, Bangerter filters, perceptual learning, dichoptic and active vision therapy—have shown 
comparable or superior outcomes.20 Notably, optical correction alone can resolve up to one-third of cases, and engaging 
activities during patching enhance results.21 Integrated therapy combining occlusion, correction, and vision training yields 
improvements in acuity, contrast sensitivity, and binocularity.22–24

The structural retinal alterations of amblyopia are still a matter of debate. Although some research has indicated that 
there are no relevant differences in macular thickness, foveal thickness, or retinal nerve fiber layer thickness between 
amblyopic and non-amblyopic eyes, increased values in these parameters in amblyopic eyes have been detected by other 
studies.25–31 Differences in types of amblyopia, patient ages, degrees of severity, and duration, or else in imaging devices 
and analysis methods may be the reason for these divergent findings. In addition, there is evidence that amblyopia can 
affect postnatal retinal development, which can result in retinal ganglion cell loss and secondary macular thickening.32 

Axial length has a negative correlation with the RNFL thickness. Studies showed the importance of considering Axial 
length compensation for retinal various parameter thickness measurements.33–35

Although some studies have reported structural retinal alterations following amblyopia treatment, including decreased 
macular and foveal thickness, results are inconsistent, particularly for RNFL thickness.31 In addition, most data available 
are related to anisometropic amblyopia, with few comparative data on strabismic amblyopia. To our knowledge, no such 
extensive study has assessed macular, foveal, and RNFL thickness changes in refractive and strabismic amblyopia prior 
to treatment, especially in relation to various retinal parameters. This study thus seeks to fill this gap by investigating 
structural retinal alterations in strabismic and refractive amblyopia through the application of optical coherence 
tomography (OCT) as a quantitative measure. Knowledge of these changes could enhance therapeutic decision-making 
and provide new insight into the reversibility and neural plasticity of amblyopia.

Methodology
A cross-sectional observational study was conducted with amblyopic subjects from August 2022 to December 2024. 
A complete list of all eligible subjects diagnosed with amblyopia (as per inclusion criteria) was prepared and assigned 
unique identification numbers. Random numbers corresponding to the number of required participants were generated 
using the Research Randomizer software. This software uses a computerized algorithm to produce random sequences, 
ensuring true randomness without human interference. The random numbers generated were matched with the assigned 
identification numbers on the list. Subjects whose numbers corresponded to the generated random numbers were selected 
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for inclusion in the study. No healthy control subjects are included for the comparison of the retinal parameters with 
amblyopic eyes. The comparison was done with the fellow non-amblyopic eyes. Sample size determined by using 
G*Power 3.1.9.4 software version. The Alpha error in the present study was 0.05 and the effect size was medium. The 
Power of the study was taken as 80%. The Total required Sample size was 34. Inclusion criteria were Refractive 
amblyopia (Refractive anisometropia: amblyopia with presence of anisometropia of ≥0.50D spherical equivalent or 
≥1.50Dof difference in astigmatism in any meridian, without any measurable heterotropia at distance or near fixation, 
which remained after at least 4 weeks of spectacle correction), Mixed amblyopia: Refractive amblyopia in the presence of 
either a heterotropia at distance and or near fixation or a history of strabismus surgery (or botulinum), A corrected visual 
acuity difference of ≥ 2 lines between the eyes, Visual acuity of the sound eye 20/40 or better, age group of 6–18 years 
and those are willing to follow-up, and Any type of refractive error less than +10 D or −15D. But exclusion criteria were 
any eye pathology (Corneal pathology, lenticular pathology, retinal pathology etc), Nystagmus, development retardation, 
Systemic and Neurological pathology, Mild amblyopia, History of previous other ocular surgery, spectacle wear, 
occlusion therapy or vision therapy, Subjects not cooperative enough for OCT, and Pupillary diameter ≤ 2.5mm.

Data Collection
In the beginning, approval from the ethical committee and permission from the hospital were obtained before conducting 
the study. The declaration of the Helsinki had been followed as human subjects are involved in the study. Screening test 
will involve thorough Optometric standard examination in the history of the persons and then visual acuity assessment, 
stereopsis assessment, extraocular motility test, pupillary assessment, objective and subjective refraction test, slit-lamp 
test, and fundus examination. Following detailed evaluation only those who met the inclusion criteria were enrolled into 
the study. Baseline readings for macular, foveal, and RNFL thickness were taken through Spectral domain Optical 
Coherence Tomography (SD-OCT) during the first visit. OCT scans were conducted with a spectral domain optical 
coherence tomography (SD OCT) scanner (Topcon 3D OCT-1 Maestro 2, Tokyo, Japan) by the same person through 
dilated pupils of minimum 5 mm diameter. Fast RNFL Thickness Map protocol within the Topcon Maestro2 OCT system 
is a fast, non-contact scan technique aimed to measure the Retinal Nerve Fiber Layer (RNFL) surrounding the optic nerve 
head. Originally developed for early detection and monitoring of glaucoma and other optic neuropathies, this protocol 
utilizes a high-speed, high-resolution spectral-domain OCT (SD-OCT) scan. It takes a 3.4 mm diameter circle scan 
centered exactly on the optic disc with infrared (IR) fundus image guidance. The scan measures RNFL thickness by 
determining the distance between the internal limiting membrane (ILM) and the outer edge of the RNFL. The resulting 
information are divided into various sectors such as temporal, superior, nasal, and inferior quadrants, 12 clock-hour 
segments, and a global average. The protocol provides a TSNIT (Temporal-Superior-Nasal-Inferior-Temporal) curve, 
a color-coded RNFL thickness map, and a deviation map comparing patient data to a pre-installed age-matched 
normative database. Color codes represent the RNFL thickness status: normal as green, borderline as yellow, and outside 
normal limits as red. The superior and inferior and average RNFL thickness were recorded for the research study. To 
reduce bias in RNFL measurements in OCT scans for research, there is a need to standardize imaging protocols, whereby 
scan settings, alignment, and timing are maintained consistently across all subjects. Media opacities like cataract has been 
omitted, since these can impair signal strength and lead to measurement inaccuracy. Only scans with good signal strength 
(>6/10) were included in the study and repeat scans done wherever necessary. Axial length, particularly in high myopia, 
can have a substantial effect on RNFL thickness through image magnification; hence ocular biometry done and adjusted 
for using algorithms or controlled for statistically. Adequate scan alignment centered on the optic disc is essential to 
prevent artifacts, and all segmentation borders checked and adjusted whenever needed. Macular Thickness Map protocol 
with six radial scan lines centered on the fovea, each with a 6 mm transverse length. For optimal image quality, adjusting 
an optimization setting were controlled, and scans only accepted if signal strength (SS) is >6 (ideally 9–10). Foveal 
decentrations [ie, with standard deviation of center point thickness >10%] scans will be remeasured. With the use of auto- 
alignment and auto-shot capabilities, Maestro2 guarantees precise centration and image quality. The output also consists 
of a thickness map according to the ETDRS grid (Early Treatment Diabetic Retinopathy Study), which splits the macular 
region into nine zones: a central 1 mm circle, an inner ring (3 mm) divided into four quadrants (superior, nasal, inferior, 
temporal), and an outer ring (6 mm) with the same subdivision. The protocol tests the important parameters of central 
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macular thickness (CMT), total macular volume, and average retinal thickness. The average macular thickness and foveal 
thickness are major results of the macular thickness map protocol in OCT. Foveal thickness, also described as central 
macular thickness (CMT), is the retinal thickness in the central 1 mm region of the ETDRS grid and anatomically equates 
to the fovea. This measurement is taken from the internal limiting membrane (ILM) to the retinal pigment epithelium 
(RPE). The mean macular thickness is determined by averaging all nine ETDRS sectors, both the central and peripheral 
macular areas within the scan. The Operator related bias had been minimized, and all images are subject to strict quality 
control by the single researcher. All data necessary was uploaded to the excel spreadsheet for further processing. The data 
collection flow chart is shown in Figure 1.

Statistical analysis was carried out by utilizing IBM SPSS Statistics 25.0. Normality test was performed using 
Shapiro–wilk Test. According to the result of normality test, parametric tests were applied. Foveal, Macular, and RNFL 
thickness in amblyopic eye and non-amblyopic fellow eye of the same subject was compared using paired T-test. 
Comparison of foveal, Macular, and RNFL thickness between gender for amblyopic eye and non- amblyopic fellow eye 
was carried out using Independent T-test. Similarly, Comparison of foveal, Macular, and RNFL thickness between 
anisometropic and mixed amblyopia in amblyopic and non-amblyopic fellow eyes were evaluated by using Independent 
T-test. Correlation of visual acuity with average macular thickness, foveal thickness and average RNFL thickness was 
done by using Pearson’s correlation.

Results
Normality of the data was assessed with Shapiro–Wilk tests and all data showed normal distribution. The demographic 
details are shown in Table 1.

In 30 subjects, amblyopic eyes demonstrated significantly higher mean macular thickness (M = 270.93 ± 13.35 µm) 
compared with non-amblyopic fellow eyes (M = 262.60 ± 15.80 µm), t(29) = 7.86, p < 0.05. Foveal thickness was also 
larger in amblyopic eyes (M = 242.83 ± 26.53 µm vs 230.83 ± 17.27 µm), t(29) = 2.89, p = 0.007. Correspondingly, mean 
RNFL thickness (M = 102.07 ± 12.33 µm) and superior RNFL thickness (M = 124.13 ± 25.20 µm) were found to be 
significantly higher in amblyopic eyes than non-amblyopic fellow eyes (M = 94.73 ± 14.63 µm and 115.83 ± 22.48 µm, 
respectively), p <0.05. A non-significant difference was seen for inferior RNFL thickness (p =0.07) as shown in Table 2.

A comparison of retinal parameters was made between anisometropic and mixed amblyopia for amblyopic and fellow 
non-amblyopic eyes. The mean macular thickness in anisometropic amblyopic eyes was 271.42 ± 13.27 µm, whereas in 
fellow non-amblyopic eyes it was 263.66 ± 15.60 µm. This was not statistically significant (z = −0.13, p =0.89). 
Likewise, in the mixed amblyopia group, the mean macular thickness was 269.95 ± 14.19 µm in amblyopic eyes and 
260.50 ± 16.83 µm in fellow non-amblyopic eyes. Foveal thickness was higher in the anisometropic amblyopic eyes (M 
= 237.20, SD = 29.12 µm) than in their fellow non-amblyopic eyes (M = 228.35, SD = 18.08 µm), though the difference 
was near but not quite at statistical significance (z = −1.76, p =0.07). In the mixed group, Foveal thickness measurements 
were 254.10 ± 16.34 µm in amblyopic eyes and 235.80 ± 15.17 µm in fellow non-amblyopic eyes. The mean retinal 
nerve fiber layer thickness was also greater in anisometropic amblyopic eyes (M = 104.15, SD = 13.48 µm) compared 
with fellow non-amblyopic eyes (M = 97.75, SD = 14.94 µm), but the difference was not significant (z = −1.29, p =0.19). 
For the mixed amblyopia group, the mean RNFL thickness was 97.90 ± 8.81 µm in amblyopic eyes and 88.70 ± 
12.56 µm in fellow non-amblyopic eyes. The mean superior RNFL thickness was greater 129.70 ± 20.99 µm in 
anisometropic amblyopic eyes compare to 121.55 ± 19.55 µm in fellow non-amblyopic eyes (z = −1.38, p =0.16). For 
the mixed group, RNFL thickness superiorly was 113.00 ± 30.17 µm in amblyopic eyes and 104.40 ± 24.56 µm in fellow 
non-amblyopic eyes eyes. Thinner inferior RNFL thickness was 133.15 ± 23.59 µm in anisometropic amblyopic eyes and 
127.65 ± 23.80 µm in fellow non-amblyopic eyes (z = −1.52, p =0.12). In the mixed group, RNFL thickness inferiorly 
was 122.30 ± 13.99 µm in amblyopic eyes. Overall, while amblyopic eyes showed consistently thicker retinal parameters 
than fellow non-amblyopic eyes in both types of amblyopia, none of these differences were statistically significant as 
shown in Table 3.

A gender-based comparison of retinal parameters between amblyopic eyes and fellow non-amblyopic eyes with and 
without amblyopia found no statistically significant differences within either group. In males (n = 18), amblyopic eyes 
had ever so slightly higher mean values on all parameters—mean macular thickness, foveal thickness, mean RNFL 
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Figure 1 Data collection procedure.
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Table 1 Demographic Distribution of the Study Subjects

Gender Anisometropic Amblyopia Mixed Amblyopia Total

Male 13 4 17

Female 7 6 13

Total 20 10 30

Table 2 Comparative Analysis of Foveal, Macular, and RNFL Thickness 
Between Amblyopic and Fellow Non-Amblyopic Eyes

Retinal Parameters N Mean±SD df t- value p value

AVG_MT_AMB 
VS 

AVG_MT_NONAMB

30 270.93±13.35 29 7.86 <0.05

262.60±15.80

FT_AMB 

VS 

FT_NONAMB

30 242.83± 26.53 29 2.89 0.007

230.83±17.27

AVG_RNFLT_AMB 

VS 
AVG_RNFT_NON AMB

30 102.06±12.33 29 3.94 <0.05

94.73±14.63

RNFLT_SUP_AMB 
VS 

RNFLT_SUP_NON_AMB

30 124.13±25.20 29 2.78 0.009

115.83±22.48

RNFLT_INF_AMB 

VS 

RNFLT_INF_NONAMB

30 129.53±21.27 29 1.82 0.078

123.03±23.47

Note: p<0.05 is considered as significant. 
Abbreviations: MT, Macular Thickness; RNFLT, Retinal Nerve Fibre Layer Thickness; FT, Foveal 
Thickness; AMB, Amblyopic Eye; NON AMB, Non-Amblyopic Eye; N, Number of Sample.

Table 3 Comparative Analysis of Foveal, Macular, and RNFL Thickness Between Anisometropic and Mixed Amblyopia in 
Amblyopic and Fellow Non-Amblyopic Eyes

Retinal 
Parameters

Type of 
Amblyopia

N Amblyopic Eye 
Mean±SD

z value p value Non-Amblyopic Fellow 
Eyes Mean±SD

z value p value

AVG_MT ANISOMETROPIC 20 271.42±13.27 −0.13 0.89 263.66±15.60 −0.26 0.79

MIXED 10 269.95±14.19 260.50±16.83

FT ANISOMETROPIC 20 237.20±29.12 −1.76 0.07 228.35±18.08 −0.72 0.46

MIXED 10 254.10±16.34 235.80±15.17

AVG_RNFLT ANISOMETROPIC 20 104.15±13.48 −1.29 0.19 97.75±14.94 −1.63 0.10

MIXED 10 97.90±8.81 88.70±12.56

RNFLT_SUP ANISOMETROPIC 20 129.70±20.99 −1.38 0.16 121.55±19.55 −1.87 0.06

MIXED 10 113.00±30.17 104.40±24.56

RNFLT_INF ANISOMETROPIC 20 133.15±23.59 −1.52 0.12 127.65±23.80 −1.87 0.06

MIXED 10 122.30±13.99 263.66±15.60

Note: p<0.05 is considered as significant. 
Abbreviations: MT, Macular Thickness; RNFLT, Retinal Nerve Fibre Layer Thickness; FT, Foveal Thickness; SUP, Superior; INF, Inferior; N, Number of sample.
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thickness, RNFL thickness superiorly, and RNFL thickness inferiorly—than fellow non-amblyopic eyes, but none of 
those differences were significant (p >0.05 for all). In like manner, in females (n = 12), amblyopic eyes repeatedly had 
higher mean values than fellow non-amblyopic eyes, but statistical analysis in this subgroup was not available. Overall, 
the data imply no significant gender-based difference in retinal structural parameters related to amblyopia as shown in 
Table 4.

The study evaluated 30 amblyopic eyes and found that visual acuity showed weak correlations with various retinal 
structural parameters. Average macular thickness and RNFL thickness both showed weak negative correlations with 
visual acuity, while foveal thickness showed a weak positive correlation. None of these relationships were statistically 
significant (p>0.05), suggesting that, structural changes in macular or RNFL thickness were not meaningfully associated 
with the level of visual acuity in amblyopic eyes as shown in Table 5.

Discussion
The current study examined retinal structural differences between amblyopic and non-amblyopic eyes in children with 
spectral-domain optical coherence tomography (SD-OCT), noting parameters like macular thickness, foveal thickness, 
and retinal nerve fiber layer thickness. The results found that amblyopic eyes had significantly higher average macular 
thickness, foveal thickness, and RNFL thickness—namely average and superior quadrants—than non-amblyopic eyes. 

Table 4 Comparative Analysis of Foveal, Macular, and RNFL Thickness Between Genders in Amblyopic and Fellow Non-Amblyopic 
Eyes

Retinal 
Parameters

Gender N Amblyopic Eye 
Mean±SD

z value p value Non-Amblyopic Fellow Eyes 
Mean±SD

z value p value

AVG_MT Male 18 273.18±13.37 −1.10 0.27 263.93±17.70 −0.80 0.42

Female 12 267.55±13.15 260.61±12.92

FT Male 18 242.27±30.73 −0.10 0.91 232.88±17.33 −0.97 0.32

Female 12 243.66±19.89 227.75±17.47

AVG_RNFLT Male 18 100.55±11.94 −0.40 0.68 94.00±15.35 −0.08 0.93

Female 12 104.33±13.10 95.83±14.07

RNFLT_SUP Male 18 126.94±23.54 −0.97 0.33 117.88±25.20 −0.91 0.36

Female 12 119.91±28.04 112.75±18.25

RNFLT_INF Male 18 126.11±21.57 −0.84 0.39 119.83±26.29 −0.59 0.55

Female 12 134.66±20.64 127.83±18.49

Note: p<0.05 is considered significant. 
Abbreviations: MT, Macular Thickness; RNFLT, Retinal Nerve Fibre Layer Thickness; FT, Foveal Thickness; SUP, Superior; INF, Inferior; N, Number of samples.

Table 5 Correlation of Visual Acuity with Average Macular Thickness, 
Foveal Thickness and Average RNFL Thickness of Amblyopic Eyes

Parameter Mean ± SD r p-value

AVG_MT_AMB with VA 270.93 ± 13.36 µm −0.22 0.23

FT_AMB with VA 242.83 ± 26.54 µm 0.21 0.25

AVG_RNFLT_AMB with VA 102.07 ± 12.34 µm −0.17 0.36

Abbreviations: MT, Macular Thickness; RNFLT, Retinal Nerve Fibre Layer Thickness; FT, 
Foveal Thickness; AMB, Amblyopic Eye, NON AMB, Non-Amblyopic Eye; VA,Visual Acuity.
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These findings firmly reinforce the hypothesis that amblyopia is more than a cortical process but also entails measurable 
morphologic changes in the retina.

The noted thickening of the average macular thickness (M = 270.93 ± 13.35 µm) in amblyopic eyes is consistent with 
previous findings by, Liu LL et al (2022),36 Zhu D et al (2022),37 Liao N et al (2019)38 and Nishikawa et al (2021),39 that 
inadequate visual input during critical developmental stages can impair retinal remodeling, especially in the macula. 
Likewise, far greater foveal thickness of amblyopic eyes (M = 242.83 ± 26.53 µm compared with 230.83 ± 17.27 µm for 
non-amblyopic eyes) supports reports of Pang et al (2011)29 and Yen et al (2004),32 that abnormal visual development 
can interfere with postnatal thining of inner retinal layers, such that the fovea remains hyperthick throughout. However, 
Studies showed bilateral alterations in inner retinal thickness among children with anisometropic amblyopia. Specifically, 
the ganglion cell layer (GCL) and inner plexiform layer (IPL) were significantly thinner in the peripheral macular regions 
of amblyopic eyes compared to control eyes, suggesting underlying structural differences. However, no significant 
thickness differences were found in the central macula, indicating that retinal changes may vary by macular location. The 
peripheral thinning of GCL + IPL in amblyopic eyes observed. The suggested possible causes are retinal ganglion cell 
degeneration, reduced bipolar synapses, and decreased Müller cell density.40,41

The greater mean and better RNFL thickness (M = 102.07 ± 12.33 µm and M = 124.13 ± 25.20 µm, respectively) in 
amblyopic eyes also indicate a possible deviation in axonal growth or glial distribution. Araki et al (2014),42 Alotaibi & 
Al Enazi (2011),25 and Kavitha et al (2019)31 reported similar trends, hypothesizing that decreased synaptic pruning or 
delayed maturation of ganglion cells may be the cause. But the absence of a statistically significant difference in inferior 
RNFL thickness (p = 0.078) reflects regional heterogeneity described in literature by Dickmann et al (2011)43 and Yalcin 
& Balci (2014),44 potentially reflecting variations in regional ganglion cell density or susceptibility.

Notably, no compelling structural variations were seen between amblyopia subtypes (anisometropic vs mixed) in 
amblyopic eyes, supporting findings by Kavitha et al (2019) that indicate the duration and severity of visual deprivation 
rather than etiology could be more important in shaping retinal anatomy.31 Moreover, except for a variation in superior 
RNFL thickness in the non-amblyopic eye between subtypes, no noteworthy changes were reported, which suggests 
possible subclinical changes or adaptation processes in the fellow eye.

Gender-based comparisons did not reveal any significant variation in retinal parameters in either group, consistent 
with previous studies (Zhu et al, 2022; Shen et al, 2021) that concluded paediatric ocular anatomy is relatively unaffected 
by gender-related hormonal differences.37,45

While our findings are consistent with many previous reports, conflicting evidence exists. Research like Repka et al 
(2009) and Altintas et al could not identify structural differences in amblyopic eyes, possibly due to methodological 
differences such as variations in OCT machines, sample size, age, ethnicity, and the omission of axial length adjustments. 
Omission of axial length measurements in this study is a significant shortcoming since axial length can dramatically 
affect retinal thickness measurements.26,46 An inverse correlation between axial length (AL) and intraretinal layer 
thickness in the macula, with greater thinning toward the outer retinal layers, suggesting retinal stretching with eye 
elongation.47

Clinically, these structural changes emphasize that amblyopia should be recognized as both a functional and an 
anatomical deviation. Consistent thickening of macular and RNFL areas in amblyopic eyes warrants inclusion of OCT 
imaging in the workup for amblyopia. Quantitative OCT measures can be useful as ancillary biomarkers for diagnosis, 
tracking, and measuring response to treatment.

Moreover, for both anisometropic and mixed amblyopia groups, amblyopic eyes had uniformly greater macular, 
foveal, and retinal nerve fiber layer (RNFL) thickness than their non-amblyopic fellow eyes. These trends are indicative 
of the possibility of subtle structural differences in amblyopic eyes, perhaps reflecting changed visual development or 
retarded retinal maturation. The increased foveal and RNFL thickness observed may suggest that amblyopia, particularly 
amblyopia with anisometropia or mixed etiology, could have a measurable but mild effect on the architecture of the 
retina. These anatomical patterns must be taken into account by clinicians interpreting OCT findings in amblyopic 
children, as increased foveal or RNFL measurements are not necessarily abnormal but may constitute the amblyopic 
pattern. Although these structural alterations do not yet influence treatment choices, they highlight the importance of 
close follow-up and may help to improve diagnostic standards for children with amblyopia.
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This study found weak, non-significant correlations between visual acuity and retinal structural parameters in 
amblyopic eyes. The results align with prior conflicting evidence, highlighting ongoing debate over the structural 
changes associated with amblyopia.

Studies indicated that amblyopic eyes tend to show increased macular or foveal thickness compared to fellow or 
normal eyes, hypothesizing that abnormal postnatal visual stimulation may hinder normal foveal maturation.32,47 Yen 
et al suggested that amblyopia might impair the pruning of retinal ganglion cells, potentially leading to increased foveal 
and RNFL thickness.32 However, the current findings—showing no statistically significant association between these 
retinal structures and visual acuity—align with studies that have reported no substantial retinal structural differences in 
amblyopic eyes.46,48,49

The weak positive correlation between foveal thickness and visual acuity could hint at a subtle compensatory or 
developmental variation, although its clinical relevance remains unclear. In contrast, the weak negative correlations 
observed for both average macular thickness and RNFL thickness may suggest that greater thickness in these layers does 
not necessarily support better visual function in amblyopic eyes. Similar non-significant or inconsistent associations have 
been documented in studies by Pang et al and Dickmann et al, indicating that structural measurements alone may not be 
sufficient to explain the functional deficits seen in amblyopia.29,50

These findings underscore the multifactorial nature of amblyopia, where cortical and functional visual pathway altera
tions may play a more dominant role than retinal structural anomalies. Abnormal early visual experience (anisometropia, 
strabismus, deprivation) leads to altered binocular competition and suppression; neurons in primary visual cortex (V1) and 
higher visual cortex lose responsiveness/preference for the affected eye (reduced acuity, contrast sensitivity, positional 
coding).30 LGN (the thalamic relay) shows structural and functional changes in animal models and humans with amblyo
pia — reduced synaptic drive, altered cell size or responses — which can contribute to cortical abnormalities because LGN is 
the main input to V1.51,52 Amblyopic eyes sometimes show small but measurable differences in retinal structure (central 
macular thickness, RNFL) and microvasculature (OCTA measures of vessel density). Proposals include altered postnatal 
retinal development or neurovascular-unit changes in some amblyopia subtypes.52 Some studies report subtle functional 
changes (eg, fixation instability, small ERG/VEP differences) in amblyopic eyes — these functional abnormalities might 
reflect altered afferent signalling or downstream cortical suppression rather than primary retinal disease. Overall, functional 
retinal evidence is mixed and smaller in magnitude than cortical deficits.52 Moreover, this study suggests that reliance on 
macular or RNFL thickness as biomarkers for assessing amblyopic severity may be limited. Table 6 presents a comparative 
analysis of the findings from the present study with those of previous studies.

Future studies with larger cohorts, axial length correction, and incorporation of optical coherence tomography 
angiography (OCTA) may further elucidate the structural-functional relationship in amblyopia. Longitudinal data 
might also help determine whether subtle retinal changes precede or follow amblyopic development. The limitation of 
the study is not able to achieve the desired sample size.

Table 6 Comparative Findings of Present Study with Previous Studies

Author Age (Years) Total No. of Subjects Types of Amblyopia Amblyopic Eye 
RNFLT (µm)

Fellow Eye 
RNFLT (µm)

Control Eye 
RNFLT (µm)

P value

Zhu D et al; 202237 12.56±2.72 (case) 
13.17±2.83 

(control)

72 Anisometropic amblyopia 98.77±2.93 ____ 99.76±3.84 >0.05

Yalcin E, Balci O; 201444 10.5 (case) 

10.2 (Control)

60 Anisometropic Amblyopia 101±10.77 104.4±10.95 105.08±10.10 0.285

Araki S et al; 201442 8.5±3.5 21 Anisometropic Amblyopia 112.5±9.21 107.03±8.74 _____ 0.004

Present Study 11.23±4.62 30 Anisometropic amblyopia and 

Mixed Amblyopia

102.0667±12.33 94.7333 

±14.63

____ <0.05

(Continued)
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Conclusion
In summary, our research supports the increasing evidence that amblyopia is not only associated with functional visual 
impairment but also structural retinal alterations, especially in the macula and RNFL. These alterations seem to be 
uniform irrespective of amblyopia type or gender. Although the exact pathophysiologic mechanisms are yet to be 
determined, our results underscore the value of OCT in clinical and research environments for amblyopia. Subsequent 
research should include axial length correction, investigate longitudinal changes after treatment, and continue to elucidate 
the functional significance of these structural abnormalities.

Human and Animal Rights
The authors didn’t violate the human rights during the research.

Study Limitations
The limitation of the study is not able to achieve the desired sample size and not considering the axial length corrections.

Abbreviations
BCVA, Best Corrected Visual Acuity; MAR, Minimum Angle of Resolution; RNFL, Retinal Nerve Fibre Layer; SD, 
OCT, Spectral Domain Optical Coherence Tomography; CMT, Central Macular Thickness; ETDRS, Early Treatment of 
Diabetic Retinopathy Study; ILM, Internal Limiting membrane; RPE, Retinal Pigment Epithelium; OCTA, Optical 
coherence tomography angiography.
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Table 6 (Continued). 

Author Age (Years) Total No. of subjects Types of amblyopia Amblyopic eye Baseline 
RNFLT (µm)

Amblyopic eye after 
treatment RNFLT (µm)

P value

Kavitha V et al; 201931 9.77±2.674 60 Unilateral amblyopia 100.40±5.67 (5–10 years) 

101.80±7.50 (11–15 years)

99.20±6.30 (5–10 years) 

99.90±4.61 (11–15 years)

0.457 

0.441

Author Age (Years) Total No. of subjects Types of amblyopia Amblyopic eye 
MT/FT (µm)

Fellow eye 
MT/FT (µm)

Control eye 
MT/FT (µm)

P value

Liao N et al; 201938 12 (case) 

13 (control)

60 Anisometropic amblyopia 247.08 231.76 232.20 0.034

Nishikawa N et al; 202139 8.1±1.8 22 Unilateral amblyopia 261.6±19.30 253.8±21.89 ____ <0.001

Liu LL et al; 202236 6.2±3.7 64 Anisometropic amblyopia 229.06±6.70 ____ 214.50±10.36 <0.001

Zhu D et al; 202237 12.56±2.72 (case) 

13.17±2.83 (control)

72 Anisometropic amblyopia 285.79±8.24 ____ 283±7.12 >0.05

Present Study 11.23±4.62 30 Anisometropic amblyopia and 

Mixed Amblyopia

270.93±13.35 262.60±15.80 __ <0.05
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