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Purpose: Although previous studies have reported favorable outcomes of Occlu-tab therapy for anisometropic and strabismic
amblyopia, its effectiveness for bilateral ametropic amblyopia has not been well documented. This study evaluated the therapeutic
effectiveness of Occlu-tab training applied to both eyes in children with bilateral ametropic amblyopia.

Patients and Methods: This retrospective study included 25 children with bilateral ametropic amblyopia (best-corrected visual acuity
<0.8 in both eyes) treated at the NAZAR Eye Center (Tashkent, Uzbekistan) between September 2024 and February 2025. The eye with
better visual acuity, as assessed at the initial visit, was defined as the better eye and the fellow eye as the worse eye. All patients received
refractive correction and initiated Occlu-tab training at the first visit. Occlu-tab training was performed for 10 minutes per eye per day
(20 minutes total for both eyes), 10 times per month, for 6 months. Visual acuity was assessed at baseline (0 months; 0 M) and at 1 M, 3 M,
and 6 M. Changes in visual acuity over time were analyzed using repeated-measures analysis of variance.

Results: The mean patient age was 7.96 + 1.30 years. In the worse eye, mean visual acuity (LogMAR) was 0.32+0.17at0 M, 0.28 +0.15 at
1M,0.22+0.12at3 M, and 0.19+0.11 at 6 M (p < 0.001). In the better eye, mean visual acuity was 0.26 £0.15at0 M, 0.24 +0.14 at 1 M,
0.19+0.13 at 3 M, and 0.15+0.11 at 6 M (p < 0.001).

Conclusion: Over the 6-month treatment period, Occlu-tab training applied to both eyes was associated with significant visual acuity
improvement in children with bilateral ametropic amblyopia. These findings suggest that Occlu-tab therapy may improve in visual
acuity in patients with bilateral ametropic amblyopia.
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Introduction
Amblyopia is a condition in which visual acuity does not fully develop, even with appropriate refractive correction, in the
absence of detectable ocular pathology. Major causes of amblyopia include strabismus, form vision deprivation, and refractive
errors.' If amblyopia is insufficiently treated during the critical period of visual development, visual acuity may remain
incompletely developed. For this reason, early detection and timely intervention are essential for achieving optimal visual
outcomes. " Full correction of refractive error with spectacles is considered the standard first-line treatment for amblyopia.® In
cases where a greater therapeutic effect is required, occlusion of the fellow eye using an eye patch is commonly employed as
an additional intervention.* However, adherence to occlusion therapy is often poor because patching can impose physical
discomfort, visual inconvenience, cosmetic concerns, and a substantial treatment burden over time.’

In recent years, a novel amblyopia treatment approach using an open-type binocular system has been developed based on
a modified tablet device. This system, known as the Occlu-tab in Japan and internationally, enables controlled visual input to
the amblyopic eye without complete occlusion of the fellow eye using polarization glasses.® This approach allows targeted
training of the amblyopic eye without complete occlusion of the fellow eye, reducing the risk of decreased visual acuity in the
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fellow eye and preserving binocular visual function. Binocular open-type game—based training using the Occlu-tab has been
shown to produce greater improvements in visual acuity than conventional eye patch therapy when administered for
equivalent treatment durations.” Additionally, a binocular iPad game using red—green anaglyphic glasses has been shown to
improve visual acuity in children with amblyopia and to be more effective than patching at the 2-week visit.®

As the tablet-based visual training is a relatively new therapeutic technology, there is limited evidence of its clinical

612 and strabismic

effectiveness. Published studies to date have primarily reported its effects in anisometropic amblyopia
amblyopia,'® leaving the therapeutic efficacy of Occlu-tab for bilateral visual impairment unexplored. To address this
research gap, this study evaluated the outcomes of Occlu-tab therapy applied to both eyes in patients with ametropic

amblyopia presenting with bilateral visual impairment.

Materials and Methods

Participants and Inclusion Criteria
For this retrospective study, we analyzed the medical records of children treated at the NAZAR Eye Center (Tashkent,
Uzbekistan) between September 2024 and February 2025. The inclusion criteria were a diagnosis of ametropic amblyopia,
corrected visual acuity of <0.8 in both eyes, and having received amblyopia treatment using the Occlu-tab. Patients with eye
diseases other than ocular deviation or refractive errors, as well as those who underwent conventional occlusion therapy using
an eye patch or pharmacologic penalization in combination with Occlu-tab therapy, were excluded.

This study was approved by the Institutional Review Board of The University of Electro-Communications (No. H25083).
The Institutional Review Board waived the need for patient consent. Appropriate measures were taken to protect the
confidentiality of the study participants. This study was conducted in accordance with the Declaration of Helsinki.

Visual Assessment and Study Protocol

At the initial visit, all patients underwent measurements of uncorrected visual acuity, corrected visual acuity, axial length,
and cycloplegic refraction with cyclopentolate. Visual acuity was measured using the Vision Chart C901 (Shanghai
MediWorks Co. Ltd., China), which was converted to the logarithm of the minimum angle of resolution (LogMAR) units
for statistical analysis. Based on baseline visual acuity, the eye with better visual acuity was defined as the better eye,
while the eye with poorer visual acuity was defined as the worse eye. In cases where visual acuity was similar between
both eyes, the right eye was defined as the better eye and the left eye as the worse eye. Refraction was measured using
Auto-Kerato-Refractometer KR-800 (Topcon Inc., Japan) and axial length was measured using Pentacam AXL (Oculus
Optikgerdte Gmbh, Germany). At this visit, spectacles were prescribed and Occlu-tab therapy was initiated. After
receiving initial instruction at the clinic, the Occlu-tab device was lent to patients for home-based training. Corrected
visual acuity was evaluated at 1, 3, and 6 months after the initiation of Occlu-tab therapy.

Occlu-tab Treatment
Occlu-tab is a tablet-based amblyopia training device used in combination with polarized glasses (Figure 1). A key feature of
Occlu-tab is that it enables amblyopia training under binocular open-view conditions without occluding either eye. Images
displayed on the Occlu-tab screen are not visible to the naked eye; however, when viewed through polarized glasses, the
preselected training eye can perceive the images. The fellow eye cannot perceive the images even through the polarized
glasses. As a result, only the designated training eye is stimulated during Occlu-tab use even though both eyes remain open.
In the present study, patients performed Occlu-tab training for 10 minutes per eye per day (20 minutes total for both eyes),
10 times per month. This training protocol was continued for 6 months.

Statistical Analysis

Visual acuity, refractive error, keratometric values, and axial length were compared between the better and worse eyes using
paired t-tests. Changes in visual acuity over time in the better and worse eyes were analyzed using one-way repeated-measures
analysis of variance. In cases where the assumption of sphericity was violated, Greenhouse—Geisser correction was applied. In
cases where a significant main effect was detected, post hoc pairwise comparisons were performed using Bonferroni
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Figure | Image of the Occlu-tab device. The Occlu-tab enables visual stimulation of one eye when viewed through polarized glasses. The designated training eye can
perceive the displayed images through the polarized glasses, whereas the fellow eye cannot. The images displayed on the liquid crystal screen are not visible to the naked eye.

correction. Effect sizes were calculated as generalized eta squared (n?). Results with a p value < 0.05 were considered
statistically significant. Statistical analyses were performed using MedCalc (version 23.4.9; MedCalc Software Ltd) and
R (version 4.3.1; R Foundation for Statistical Computing).

Results
A total of 25 children with amblyopia were enrolled in this study (mean age: 7.96 + 1.30 years).

Table 1 presents the visual acuity (LogMAR), spherical power (D), cylindrical power (D), K1 (D), K2 (D), and axial
length (mm) for the better and worse eyes at the initial visit. Because the eye with better visual acuity was defined as the
better eye, visual acuity differed significantly between eyes (p < 0.001). No significant differences were observed
between the two eyes for any other parameters.

Visual acuity was measured at baseline (0 M) and 1, 3, and 6 months after initiation of Occlu-tab treatment. Mean visual
acuity (LogMAR) in the worse eye was 0.32 £ 0.17at 0 M, 0.28 £0.15at 1 M, 0.22 +£0.12 at 3 M, and 0.19 £ 0.11 at 6 M,
showing significant improvement over time (repeated-measures ANOVA, Greenhouse—Geisser corrected, F(1.65, 39.65) =
49.04, p < 0.001, generalized n? = 0.13). All pairwise comparisons between time points were statistically significant
(Bonferroni-adjusted p-values ranging from 0.0027 to <0.001). Mean visual acuity (LogMAR) in the better eye was 0.26 +
0.15at0M, 0.24 £0.14at 1 M, 0.19+£0.13 at 3 M, and 0.15 £ 0.11 at 6 M, also showing significant improvement over time

Table | Participant Characteristics

Worse Eye | Better Eye | p-value

Visual acuity (LogMAR) | 032 %0.17 | 026 +0.15 | <0.00l

Spherical power (D) ~320+ 167 | 294+ 167 | 0237
Cylindrical power (D) | —1.24 % .18 | —129 + 1.09 | 0.645
K1 (D) 4079 £ 0.72 | 40.86 £ 0.70 | 0.442
K2 (D) 4300 % 1.17 | 4299 % 1.19 | 0.940
Axial length (mm) 23.15+ 031 | 23.14 £ 030 | 0.802
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(repeated-measures ANOVA, Greenhouse—Geisser corrected, F(1.44, 34.51)=56.13, p<0.001, generalized n* = 0.09). Again,
all pairwise comparisons in visual acuity between time points were statistically significant (Bonferroni adjusted p-values

ranging from 0.015 to <0.001). Figure 2 shows the time course of visual acuity changes, and Figure 3 shows the changes in
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Figure 2 Time course of changes in visual acuity following Occlu-tab therapy. Visual acuity (LogMAR) was measured at baseline (0 M) and at I, 3, and 6 M after initiation of
Occlu-tab treatment. The blue line represents the worse eye, while the red line represents the better eye. Error bars indicate standard deviation. Significant visual
improvements were observed for both the worse and better eyes over the 6-month treatment period.
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Figure 3 Individual changes in visual acuity from baseline to 6 months. Baseline (0 M) visual acuity (LogMAR) is shown on the x-axis, and visual acuity at 6 months is shown
on the y-axis. Each point represents an individual patient, illustrating the magnitude of visual improvement over the 6-month period. (A) Scatterplot of visual acuity in the
worse eye. (B) Scatterplot of visual acuity in the better eye.
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visual acuity from baseline to 6 months for each individual patient. The mean change in visual acuity over the 6-month period
was 0.14£0.09 LogMAR in the worse eye and 0.11 + 0.07 LogMAR in the better eye. In addition, 32% of patients achieved an
improvement of >2 lines.

Discussion

This study evaluated the therapeutic effects of Occlu-tab training for children with bilateral ametropic amblyopia
presenting with reduced visual acuity in both eyes. Amblyopia is generally considered less responsive to treatment
beyond age 7 because of reduced neural plasticity and interindividual variability in treatment response.'* When treated
within the sensitive period, visual outcomes of ametropic amblyopia are generally favorable. Although optical correction
is regarded as the standard treatment for this condition, combining occlusion therapy with spectacle correction may
accelerate visual improvement.'®

Amblyopia was detected relatively late in our patient sample, with a mean age of 7.96 + 1.30 years at diagnosis. As
visual plasticity may already be declining at this age, it was necessary to select a therapeutic approach that could promote
more rapid visual improvement. Previous reports suggest that Occlu-tab can achieve visual outcomes comparable to or
better than conventional full-time occlusion therapy.” As a result, refractive correction was combined with Occlu-tab
training for our cohort.

Occlu-tab therapy is primarily used for cases of unilateral amblyopia, such as anisometropic amblyopia, due to its
unique structure that allows visual stimulation of only the designated eye under binocular open conditions. Favorable
therapeutic outcomes have been reported for such unilateral cases.””” ' In contrast, the present study focused on
bilateral ametropic amblyopia. Because both eyes exhibited reduced visual acuity, Occlu-tab training was performed for
each eye. Notably, significant visual improvement was observed in both the better and worse eyes over the 6-month
treatment period. A meta-analysis examining the effect of age on treatment response in cases of strabismic or
anisometropic amblyopia reported that response decreases with increasing age, particularly in children with more severe
amblyopia. Given that ametropic amblyopia is often associated with relatively mild visual impairment, the patients in our
study may have retained sufficient visual plasticity to achieve significant improvement despite their relatively older age at
diagnosis.'® In the Pediatric Eye Disease Investigator Group randomized trial evaluating the treatment of amblyopia in
children aged 7-12 years, approximately 25% of patients showed an improvement of > 2 lines with optical correction
alone.'” Although our study did not include an optical-correction—only control group, the magnitude of visual improve-
ment observed in the present study, in which 32% of patients achieved improvement of > 2 lines, appears greater than
would be expected from optical correction alone, suggesting a potential additive effect of Occlu-tab training. These
findings suggest that the observed improvements may be clinically meaningful.

Evidence supporting binocular open-type tablet-based amblyopia treatment has largely been derived from studies
conducted in specific geographic regions. Data from the Intelligent Research in Sight Registry suggest that the effectiveness
of amblyopia treatment in real-world practice varies substantially across populations and regions.'® Although standard
amblyopia treatments are generally effective, residual visual acuity deficits remain common and treatment outcomes appear
to be influenced by racial and socioeconomic factors. To support worldwide dissemination of this approach, Handa et al” noted
the need to analyze the effects of different types of games and consider potential cultural and religion-related factors. The
current study provides evidence of favorable outcomes of Occlu-tab therapy conducted in Uzbekistan, a region with no
previously published reports of its clinical use. To establish Occlu-tab as a standard therapeutic option, further evidence from
diverse geographic regions—including developing countries—is warranted.

It should be acknowledged that this study was not a randomized controlled trial. Because we did not include a control
group receiving refractive correction alone, we cannot exclude the possibility that visual improvement may have
occurred with spectacle correction alone. Although this is a significant limitation of this study, there are currently no
reports suggesting that the addition of Occlu-tab worsens outcomes. Given the availability of Occlu-tab as a therapeutic
option in our clinical setting, it was considered ethically inappropriate to withhold its use. For this reason, causal
inference is limited and the observed improvements should be interpreted with caution. Furthermore, adherence to Occlu-
tab training was managed by parents. Although parents reported good compliance, adherence was not objectively verified
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and may have influenced the study outcomes. This represents a potential source of bias in the study outcomes. Future

prospective, controlled studies will be required to further validate the clinical effectiveness of Occlu-tab therapy.

Conclusion

In

this study, Occlu-tab training was performed for both eyes in 25 children with bilateral ametropic amblyopia. Visual

acuity improved significantly in both eyes over the 6-month treatment period, suggesting that Occlu-tab training may be

associated with visual improvement.
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