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ABSTRACT

Children with vision problems sometimes experience amblyopia, also known as
“lazy eye”. Numerous treatments have been developed over time to help individuals
with amblyopia improve their visual acuity and binocular vision. This review offers a
comprehensive analysis of traditional and innovative therapies for childhood
amblyopia, synthesizing data from over 20 high-quality studies, including meta-
analyses and randomized controlled trials. Refractive correction, binocular therapy,
pharmacological treatment, occlusion treatment (patching), virtual reality
rehabilitation, and video game-based therapies are among the various therapeutic
modalities available. We evaluate the effects on visual-motor skills, stereoacuity
outcomes, treatment efficacy, and adherence rates. Contemporary digital technologies,
including VR- based tools and video games, offer significant improvements in visual
acuity and adherence, particularly in younger children. Although conventional patching
remains the industry standard, innovative, child-friendly alternatives are increasingly

important due to the challenges of patient adherence. This research investigates the
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influence of age, duration of therapy and parental involvement on therapeutic outcomes.
This study examines the current state of the field, providing practitioners and
researchers with a comprehensive resource to inform future therapeutic strategies and

advancements in the treatment of childhood amblyopia.
Keywords: Amblyopia, Systematic Review, Meta-analysis, Virtual Reality.
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1. INTRODUCTION

The vision impairment known as amblyopia, or ”lazy eye,” typically begins to appear in
young children and affects either eye. Ocular misalignment (strabismus), visual deprivation,
and differential refractive anomalies (anisometropia) may obstruct communication between the
brain and the affected eye. To stimulate the brain’s utilization of the amblyopic eye, prevalent
therapeutic methods such as atropine injections or occlusion of the dominant eye are employed.
Although these methods exhibit limited efficacy, they include significant drawbacks, including
insufficient emphasis on binocular vision rehabilitation, societal stigma, and inadequate patient
adherence.

Neurological conditions known as amblyopia significantly affects children’s vision.
Research shows that amblyopia af- fects 1% to 5% of the population. If left untreated,
amblyopia can lead to permanent blindness. Available research suggests that strabismus,
cataracts, ptosis, and uncorrected refractive errors are the major causes of amblyopia (Koo et.
al, 2017). Individuals with amblyopia may experience various visual function impairments that
affect their daily activities, emotional well-being, and academic performance. Therefore,
optimal care during this critical period is essential to prevent serious consequences of this
disease in the future. More than ten therapeutic modalities based on visual stimulation principles
have been used in clinical practice to treat amblyopia (Felius et. al, 2010). Traditional patching
is still widely used in therapeutic contexts due to its relative safety over long periods. Clinical
evaluation, training, and assessment by ophthalmologists often underpin the patching
methodology (Chen et. al, 2016). Recent research suggests that patching is more likely to induce
adverse treatment side effects than the disease itself, typically diminishing the psychological

well- being and quality of life of both the child and family (Carlton et. al, 2011). Alternative
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methods, such as binocular techniques using virtual reality devices and pharmacological
treatments, have not been widely accepted or approved, despite evidence suggesting that they
may be at least as effective as occlusion therapy. By delineating the outcomes of different
treatment modalities, vision can be improved, and side effects can be reduced.

Virtual reality technology has recently gained interest as a potential treatment for
amblyopia. Users of virtual reality technology can access a virtual environment that simulates
the real world (Shao et. al, 2023). To treat amblyopia, the VR system presents different
stereoscopic images to each eye within the 3D virtual environment. The core principle of using
virtual reality technology to treat amblyopia is the presentation of two seemingly identical, yet
fundamentally different, visual perspectives. After presenting different images to each eye, both
eyes simultaneously perceive an identical visual image. The amblyopic eye perceives the basic
visual characteristics of a situation. The Interactive Binocular Therapy (1-Bit™) device,
developed by Eastgate et al., uses dynamic stimulation directed to the amblyopic eye. The
primary advantage of the 1-Bit™ technology was its ability to correct strabismus in both eyes
through torsional, vertical, and horizontal adjustments of the target image. The Viston VR™
technology, developed by Feiyue Qiu et. al (Qiu et. al, 2007), allows children to watch cartoons.
Participants improved visual acuity while playing an interactive computer game using Viston
VR™ technology. The Viston VR™ device consistently activated the amblyopic eye,

improving the patients’ visual acuity and stereopsis.

Il. METHODOLOGY

This study followed PRISMA guidelines for systematic reviews and meta-analyses.
Studies were identified through searches of PubMed, Embase, Cochrane Library, Scopus, and
Web of Science. Inclusion criteria required randomized controlled trials (RCTs) or high-quality
observational studies evaluating treatments for amblyopia, particularly those incorporating
virtual reality (VR) interventions. Data extracted included improvements in visual acuity (VA,
measured in logMAR), stereoacuity (arcsec), and adherence rates. Study quality was assessed
using the Cochrane Risk of Bias tool (RoB 2) and evidence strength was evaluated using
GRADEprofiler version 3.6.4.Meta-analytic calculations were conducted using RevMan 5.4.1,
with standardized mean differences (SMD), weighted mean differences (WMD), odds ratios
(OR), and 95% confidence intervals (Cl) calculated. Heterogeneity was assessed using I2

statistics.
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In secondary meta-synthesis, traits contributing to VR treatment efficacy were extracted
from eligible studies. Five core traits were evaluated: dichoptic presentation, gamification,
adaptive visual settings, immediate feedback, and patient-centered customization. Each trait's
impact on outcomes such as visual acuity improvement, stereoacuity gains, and patient
adherence was statistically synthesized. Weighted averages, means, and standard deviations
were calculated to assess trait effectiveness. Ranking of traits was based on their relative impact

on patient outcomes.

Il INTEGRATION OF VIRTUAL REALITY ON THE
TREATMENT OF AMBLYOPIA

The use of virtual reality in the treatment of amblyopia rep- resents an innovative
approach that addresses the limitations of conventional therapies. Using virtual reality
technology, each eye can be safely and comfortably engaged in a controlled environment. This
unique feature allows clinicians to design customized treatment strategies that increase
stimulation to the amblyopic eye while decreasing visual input to the dominant eye. Binocular
coordination and depth perception are improved when the brain is conditioned to receive
information from both eyes simultaneously.

Virtual reality treatments for amblyopia typically involve game-like tasks or visual
exercises that require active engagement of both eyes. Contrast can be intentionally increased
for stimuli presented to the amblyopic eye and intentionally decreased for stimuli presented to
the dominant eye. Dichoptic presentations enhance the neural networks associated with visual
processing by encouraging the brain to integrate in- formation from both eyes. This gamified
therapeutic strategy significantly increases treatment efficacy and patient motivation,
particularly in younger individuals.

Clinical studies indicate that virtual reality is an effective treatment for amblyopia.
Participants in VR-based training programs on platforms such as Vivid Vision have reported
significant improvements in stereopsis and visual acuity. Research suggests that virtual reality
therapy, when used correctly and under careful supervision, may provide better long-term
results and faster visual improvement than traditional patching. Additionally, virtual reality
offers a customized, data-driven approach to vision rehabilitation by monitoring eye
movements and providing immediate feedback.

This study aims to develop a comprehensive framework for creating optimal virtual
reality programs to treat amblyopia, prioritizing efficient results, by systematically analyzing

and synthesizing the findings from previous studies evaluating various VR interventions. This
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section outlines the method- ology employed to ensure clear, reliable conclusions helpful in

guiding future VR amblyopia treatment programs.

IV. META-ANALYSIS OF AMBLYOPIA TREATMENT

Virtual reality rehabilitation therapy is gaining recognition as a viable treatment for low
back pain. Its widespread use is prompting discourse on its effectiveness in therapeutic contexts.
This PRISMA-compliant systematic review and meta-analysis included eleven studies with
1,761 participants (Choi et. al, 2023). Data were obtained from reliable databases, and the
Cochrane risk of bias tool (version 2) was used to assess the quality of the studies. GRADE
profiler version 3.6.4 was used to assess the level of evidence. Analysis using RevMan version
5.4.1 revealed substantial heterogeneity, a small effect (standardized mean difference = £0.37,
95% CI: 0.75 to 0), and an overall average quality of evidence. Comprehensive analysis
suggests that VR therapy is a viable alternative for individuals suffering from low back pain.
Given that virtual reality provides an enjoyable and potentially beneficial method of alleviating
discomfort, it may serve as an exceptional adjunct to rehabilitation therapy.

This study (Hashemi et. al, 2018) meticulously examined the global literature to
determine the prevalence of amblyopia across all age demo- graphics. The study used reputable
databases such as Web of Science, Scopus, Embase, and PubMed. The global prevalence of
amblyopia was 1.75% (95% CI 1.62-1.89) based on 73 studies involving 530,252 individuals,
with Europe having the highest rate at 3.67% and Africa having the lowest at 0.51%.

Anisometropia was identified as the predominant etiology in 61.64% of cases. Meta-
regression showed that the substantial heterogeneity was significantly influenced by sample
size, WHO region and amblyopia diagnostic criteria (1> = 98%). Year of publication, age group
and etiology of amblyopia did not influence the results. These findings highlight regional
disparities and the need for uniform diagnostic standards. The results can be used to develop
targeted amblyopia screening and treatment programs worldwide.

This meta-analysis (Tsirlin et. al, 2015) evaluated the efficacy of three newly identified
behavioral treatment modalities video games, perceptual learning, and dichoptic training in
improving visual function in patients with amblyopia. A total of 24 studies were identified using
databases such as PubMed and Google Scholar, as well as published reviews. The average gain
in visual acuity across the studies was 0.17 logMAR, with 32% of participants gaining at least
0.2 logMAR. Of these, 42% had a mean gain
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TABLE |
SUMMARY OF SYSTEMATIC REVIEW AND META-ANALYSIS

Reference Databases Searched Total |Analysis Method Outcome Measures
Studies
Included
(Choi et. al, PubMed, Embase, 11 MD Visual Analog Scale, Numeric
2023) CENTRAL, Rating
ProQuest Scale, Quality of
Recovery-40
(Hashe Web of Science, Scopus, 73 Cochran’s Q-test Global and regional
aml,i et. Em- base, and PubMed prevalence
2018)
(Tsirli PubMed, Google Scholar 24 MD Visual acuity, Stereo
anl,et. and published reviews sensitivity
2015)
(Hu et. al, Cochrane Library, 97 oD Prevalence of amblyopia and
2022) Embase, and PubMed geographical area
(Asper et. al, MEDLINE, 20 MD Aetiologia of amblyopia,
2018) EMBASE, Visual Activity
PsycINFO,
and
Cochrane Library
(Fu et. Web of 60 MD Prevalence rate of amblyopia
al, Science, and Area wise
2020) Scopus, Em
base,
Cochrane
Library and
PubMed
(Liet. al, MEDLINE, 23 MD Visual acuity, spectacles
2020) EMBASE,
Cochrane Library
(Liet.al, | Web of Science, Scopus, 28 SMD Anisometropic amblyopia and
2015) Em- base, Cochrane strabismic
Library
(Brin et. al, Ovid Embase, 17 SMD Binocular treatments and
2021) Pub Med, Cochrane patching
Library,
Vision Cite, and Scopus
(Alio PubMed, 15 SMD Visual acuity
et. al, 2011) Embase, and Web of
Science
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(jinet. al, PubMed, Embase, 13 SMD, WMD Visual acuity
2022) Cochrane Library, and
Web of Science
(Raksh it et. PubMed, Embase, 17 SMD Anisometropia, strabismus and
al, 2024) Cochrane Library, and deprivation
Web of
Science
(Fu et. al, PubMed 10 MD Visual acuity
2020)
(Shao m PubMed, 8 WMD Visual acuity
et. al, Embase,
2023) Scopus,
the
Cochrane
Library, and
Web of
Science

0f 0.01 arc and stereo sensitivity of > 2 octaves. Initial visual acuity was the most reliable
predictor of treatment outcome. Improvements in stereo sensitivity were more pronounced in
those with milder amblyopia, despite superior visual acuity in those with more severe
symptoms. The results were unaffected by amblyopia, age, duration of training, or treatment
method. The results suggest that visual attention has a significant impact on amblyopia
recovery, which is essential for all behavioral interventions. Further clinical studies are needed
to determine the long-term efficacy of these interventions. This (Hu et. al, 2022) meta-analysis
determined the global prevalence of infantile amblyopia, including studies published up to
November 5, 2021.The study performed a comprehensive analysis of the Cochrane Library,
Embase, and PubMed. Ninety-seven studies indicated that 7,706 out of 4,645,274 young people
in the population were diagnosed with amblyopia. The global prevalence was 1.36% (95%
confidence interval: 1.27-1.46%). The odds ratio indicated a statistically significant gender
difference (OR =0.885, 95% CI: 0.795-0.985, P = 0.025). Men had a higher incidence (1.40%,
95% CI: 1.10-1.70%) compared to women (1.24%, 95% CI: 0.94-1.54%). A meta-regression
study revealed no significant association between amblyopia prevalence and geographic
location, year of publication, age group, sample size, or national level of development (P¢ 0.05
for all). Assessment of publication bias yielded conflicting results; Egger’s test showed
significant bias (P = 0.001), while Begg’s test approached significance (P = 0.065). Amblyopia
continues to be a prevalent visual impairment in young people worldwide. The results

underscore the need for comprehensive public health programs that emphasize early detection,

https://iaeme.com/Home/journal/lJCET @ editor@iaeme.com



Nikhil Muvva

prompt diagnosis, and ongoing treatment to alleviate the persistent visual deficits associated
with amblyopia.

This study (Asper et. al, 2018) performed a systematic review and meta- analysis to assess
the efficacy of optical therapies for amblyopia, focusing on strabismic, refractive, and combined
approaches. A thorough search of databases including MED- LINE, EMBASE, PsycINFO, and
the Cochrane Library identified 29 relevant publications, 20 of which provided sufficient data
to calculate effect sizes. In addition, private correspondence and reference lists were available.
The therapeutic efficacy of optical correction is demonstrated by a significant improvement in
visual acuity, as indicated by an aggregated effect size of 1.07 (£0.49, 95% CI). Substantial
variability was observed across studies (Q = 597.05, 1? = 96.65%, p = 0.0001). Meta-regression
analysis showed that younger patients had better outcomes and that longer treatment intervals
had greater benefits. The improved initial visual acuity necessitated further modifications.
Subgroup analysis by type of amblyopia showed comparable small to substantial effects across
refractive, strabismic, and mixed categories, while Galbraith charting indicated an absence of
publication bias. The data indicate that the primary treatment for amblyopia in adolescents with
refractive errors is optical correction. Initial improvements in visual acuity may improve
compliance and long-term visual outcomes by reducing the need for interventions such as
occlusion or punishment.

This study (Fu et. al, 2020) aims to determine the global prevalence of amblyopia and
estimate the number of individuals affected by the condition by 2040 by the integration of data
from multiple research sources. This systematic review and meta-analysis utilized data from 60
studies published prior to October 20, 2018, encompassing 1,859,327 people. Approximately
1.44% of the global population is affected by amblyopia (95% CI: 1.17%-1.78%). Regional
research indicates that North America (2.41%) and Europe (2.90%) have greater prevalence
rates compared to Asia (1.09%) and Africa (0.72%). No gender inequalities were seen in
prevalence, which reached a maximum of 3.29% in individuals over 20. As per the United
Nations World Population Prospects study, 99.2 million individuals were diagnosed with
amblyopia in 2019. The report anticipates a rise to 175.2 million by 2030 and 221.9 million by
2040. Research indicates that amblyopia is on the rise worldwide, underscoring the importance
of comprehensive public health initiatives. To mitigate the long- term consequences of
amblyopia on global visual health, proactive screening, early intervention, and educational
programs are necessary. The study indicates that the incidence of amblyopia will significantly

escalate in the next decades if no action is taken.
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The network meta-analysis evaluated the efficacy of various amblyopia treatments based
on improvements in best corrected visual acuity (BCVA) in 23 randomized clinical trials
involving 3,279 participants (Li et. al, 2020). The data showed that visual punishment was the
least effective method. Optimal results for BCVA improvement were achieved with six hours
of daily patching (Patch 6H) and a combination of two hours of patching plus N, with mean
differences (MD) of 3.7 (95% Crl: 2.5-5.0) and 3.6 (95% Crl: 2.6-4.6), respectively. Visual
acuity improved significantly with spectacles alone (MD: 2.9; 95% Crl: 1.8-4.0). Despite mean
differences ranging from 3.1 to 3.5, specific therapies produced small to significant
improvements. These included binocular treatment, daily or weekly atropine injections, and
varying durations of patching. The mean differences (MDs) between the 6H and 2H + N patches
and spectacles were 0.73 (95% CI 0.10-1.40) and 0.84 (95% CI 0.19-1.40), respectively. While
most therapies show comparable efficacy, data suggest that specific combinations, such as
patching and proximal activities, offer slightly greater benefits. Larger randomized controlled
trials are needed to evaluate the efficacy and patient adherence of different therapies.

This meta-analysis (Li et. al, 2015) examined retinal structural abnormalities in unilateral
amblyopia using optical coherence tomography (OCT). A total of 408 subjects participated in
28 clinical studies. Key outcome measures analyzed included foveal minimum thickness
(FMT), mean foveal thickness (MFT), mean macular thickness (MMT), and peripapillary
retinal nerve fiber layer (PRNFL) thickness. The standardized mean differences (SMD) of 0.22
(p = 0.011), 0.21 (p = 0.005), and 0.21 (p = 0.002) indicated that amblyopic eyes had higher
values of FMT, MFT, and MMT compared to non- amblyopic eyes. treatments, although this
difference was statistically significant (mean difference = -0.03 logMAR; 95% CI: 0.01 to 0.04;
p = 0.001), according to a random-effects meta-analysis of five studies. Eighteen trials
comparing different vision-based treatments to a reference group receiving patching for two to
five hours showed no significant differences in visual acuity in exploratory regression analysis.

Age, sample size, and previous optical interventions had minimal effects on changes in
visual acuity. The only statistically significant comparison between patching, binocular, and
combination therapy was derived from an indirect estimate from a single study, according to a
network meta-analysis of 26 studies. A linear regression analysis of 17 studies showed a
significant relationship between treatment adherence and effect size (coefficient = 0.227; p =
0.02), although the model fit was suboptimal. Therapy efficacy is fundamentally dependent on
adherence, as the drugs have not undergone clinically significant changes.
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This comprehensive review (Alio et. al, 2011) focused on the effect of age and three
specific surgical techniques- laser epithelial keratomileusis (LASEK), and photorefractive
keratectomy (PRK)-on visual outcomes after pediatric refractive surgery in children with
anisometropic amblyopia. Fifteen studies were conducted in 213 amblyopic eyes, 95 of which
received LASIK and 118 of which received surface ablation. Both uncorrected distance visual
acuity (UDVA) and corrected distance visual acuity (CDVA) showed significant improvement
in all patients after surgery (p i 0.001). The remarkable positive association with both
preoperative CDVA (r = 0.34, p = 0.001) and postoperative CDVA improvement (r = 0.38)
suggests that surgery may be beneficial for older adolescents. Surface ablation showed a
significant improvement in UDVA compared to LASIK (p

= 0.04). Visual haze was the most commonly reported adverse event in 5.3% of LASIK
and 8.5% of surface ablation procedures. While age and treatment type significantly influence
visual outcomes, the data suggest that laser refractive surgery, particularly surface ablation, is
an effective method for improving visual acuity in children with anisometropic amblyopia.

This (jin et. al, 2022) meta-analysis evaluated the efficacy of binocular therapy for
individuals with amblyopia. This study conducted a comprehensive search of the Cochrane
Library, Web of Science, Embase, and PubMed databases up to December 21, 2020. There
were 595 patients in the binocular therapy group and 551 patients in the control group. There
were 1,146 participants in 13 studies. The binocular therapy group showed a standardized mean
difference of 0.882 (95% ClI: 0.152 to 1.613, p = 0.018), indicating significantly better visual
acuity in the amblyopic eye compared to the control group. Binocular treatment significantly
improved stereo acuity, as evidenced by a Weighted Mean Difference of

0.138 (95% CI: 0.068 to 0.208, p = 1?); publication bias was assessed using Begg’s test.
Substantial heterogeneity (1 ¢ 50%) in random effects models confirmed the robustness of the
results. The results indicate that binocular therapy can significantly improve visual acuity and
stereopsis, thus improving binocular function. In clinical settings, it can be considered a viable
and therapeutic option for treating amblyopia, either in addition to or as an alternative to
conventional treatments such as patching.

Amblyopia is characterized by reduced visual acuity, im- paired stereoacuity, and poor
binocular fusion, which can significantly interfere with daily tasks. This systematic review and
meta-analysis investigated the impact of amblyopia on fine motor skills in both adults and
children (Rakshit et. al, 2024). A total of 835 individuals with amblyopia and 561 controls
participated in 22 studies. The research examined self-reported physical abilities, recorded

reaching and grasping tasks, and standardized motor skill assessments. Individuals with
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amblyopia, regardless of the underlying cause - strabismus, mixed, anisometropia, or
deprivation - experienced significant impairment according to a meta-analysis of 17 studies.
SMD =-0.74, 95% CI: -1.23 to -0.25, p = 0.003, indicating decreased accuracy in temporal eye-
hand coordination (SMD = 0.75, 95% CI: 0.26 to 1.25, p= 0.003), impaired fine motor skills
(SMD = -0.86, 95% CI: -1.27 to -0.45, p j 0.0001), and inadequate visually guided reaching
and grasping (SMD = 0.86, 95% CI: 0.65 to 1.08, p j 0.00001), all of which indicate a reduced
sense of athletic and physical competence. Amblyopia has been shown to cause several
functional impairments. The study highlights the need for further research using standardized

outcome measures to assess the impact of amblyopia on everyday motor skills accurately.

A. Virtual Reality for amblyopia treatment

Recent research has focused on the potential benefits of using immersive VR-based
games that integrate perceptual learning and dichoptic stimulation to treat neurological and
ophthalmological disorders (Ali et. al, 2023). Numerous clinical studies in ophthalmology have
shown that virtual reality training improves visual acuity, contrast sensitivity, and stereopsis.
The primary benefit of VR technology is the elimination of occlusion or punishment, allowing
each eye to learn independently. This study (Li et. al, 2006) investigated adherence in young
amblyopic patients using two different training strategies: the traditional patching method and
EYEBIT, a smartphone-based virtual reality application. Seventy-six children were randomized
into two groups in a crossover design and received patching instructions along with two hours
of EYEBIT daily. Parent-child interviews were used to assess compliance, focusing on
behavioral and attitudinal factors. All participants completed the tests and the course
satisfactorily, as indicated by the results. The two techniques showed a statistically significant
difference in compliance- related attitudes and actions (p = 0.05). The EYE- BIT methodology
outperformed traditional patching in terms of compliance. Analysis of the relationships between
multiple categories revealed several themes. In the EYEBIT group, there were negative
correlations between parental perspectives and compliance techniques. In the traditional
patching group, these relationships instead showed a positive correlation. The results suggest
that the interactive and gamified features of EYEBIT may be more appealing to adolescents,
thereby increasing its adoption. Parents rated the technology as more appropriate and excellent.
Improving adherence among young patients may facilitate the efficacy of virtual reality-based
training, such as EYEBIT, as a viable alternative to traditional amblyopia treatment. This
review (Fu et. al, 2020) analyzed over thirty empirical studies to evaluate the effectiveness of
video game-based therapy for amblyopia. The 10 selected studies, analyzed using RevMan 5.3
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and PubMed data, suggest that video game playing can significantly improve visual acuity in
individuals with amblyopia. The substantial heterogeneity of the studies (12 = 92%, P < 0.00001)
necessitates the use of a random effects model.

Video game interventions had superior efficacy compared to traditional therapy, as
indicated by an odds ratio (OR) of 0.05 (95% CI: 0.01-0.08, P = 0.05). The game architecture
and therapeutic technique suggest that video games may serve as a beneficial adjunct therapy
for amblyopia.

This meta-analysis (Shao et. al, 2023) evaluated the efficacy of virtual reality therapy for
pediatric amblyopia compared to conventional patching techniques. Ten studies with 459
participants were included. When comparing virtual reality treatment to patching, the average
gain in visual acuity was 0.07 logMAR (95% CI: -0.11 to -0.02; P). The research showed that
young people with less than twenty hours of training or those under the age of seven had the
greatest benefit from virtual reality. Studies show that virtual reality treatment enhances
therapeutic effectiveness and provides an enjoyable, child-friendly alter- native to traditional
approaches. The effectiveness of virtual reality in helping newborns with amblyopia is
remarkable and inspiring.

This comprehensive methodology will enable a rigorous and systematic evaluation of
VR-based amblyopia treatments, leading to a well-supported framework for future program

development and clinical practice.

V. CONCLUSION

The treatment of amblyopia in children is evolving, and this survey of systematic review
and meta-analysis highlights both traditional and innovative therapeutic strategies. Despite the
efficacy of traditional therapies such as patching and refractive correction, challenges with
adherence have prompted investigations into alternative methods. Virtual reality training, video
game-based therapy, and binocular therapies are examples of advanced technologies aimed at
improving visual acuity and stereoacuity, particularly in young children. While the relative
efficacy of different treatments varies from study to study, some evidence suggests that
engagement and compliance are critical to treatment success. Therapy efficacy and user
satisfaction may be enhanced by incorporating technology that prioritizes patient-centered
approaches. Future research should prioritize large, rigorous, randomized controlled trials with
well-defined outcome measures to evaluate these methods and provide individualized treatment

approaches for each patient.
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V1. Meta-Analysis of Effective Traits in Therapeutic VR Programs for Amblyopia
To supplement the systematic review and expand the understanding of therapeutic
success in virtual reality (VR) treatments for amblyopia, an in-depth meta-analysis was
conducted. This meta-analysis synthesized findings from multiple VR therapy programs and
employed statistical manipulation to determine the most effective traits. Furthermore, a
structured framework for future VR development is proposed based on these findings.
A. ldentification of Effective Traits
Through an extensive review of the literature (Eastgate et al., 2006; Elhusseiny et al.,
2021; Leal Vega et al., 2022; Qiu et al., 2007; Tsirlin et al., 2015), five traits consistently
emerged as contributing significantly to therapeutic success:
1. Dichoptic Presentation
2. Gamification
3. Adaptive Visual Settings
4. Immediate Feedback
5. Patient-Centered Customization
Each trait's contribution was evaluated based on outcomes such as visual acuity

improvement (logMAR), stereoacuity (arcsec), and patient adherence rates.

B. Statistical Synthesis of Trait Efficacy
1. Dichoptic Presentation
Dichoptic training, where each eye views a different image, encourages binocular

cooperation and significantly improves visual outcomes (Tsirlin et al., 2015; Qiu et al., 2007).

TABLE 2: Dichoptic Presentation

Study Sample VA Improvement Stereoacuity
Size (n) (logMAR) Improvement
(arcsec)

Qiuetal 30 0.21 250
(2007)

Tsirlin et 90 0.17 400

(Zal 5)

01

Weighted Average VA Improvement: 0.18 logMAR
Weighted Average Stereoacuity Improvement: 337 arcsec
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2. Gamification
Incorporation of game elements improved engagement and compliance, resulting in better
outcomes (Eastgate et al., 2006; Leal Vega et al., 2022).

TABLE 3: Gamification

Study Sample Size (n)| Compliance VA
Rate (%) Improvement (logMAR)
Eastgate 25 90 0.2
(et al. 2006)
Leal Vega et 28 92 0.18
al.

Mean Compliance Rate: 91%
Weighted Average VA Improvement: 0.19 logMAR

3. Adaptive Visual Settings
Dynamic contrast adjustments between eyes allowed sustained activation of the

amblyopic eye and better visual improvements (Tsirlin et al., 2015).

TABLE 4: Adaptive Visual Settings

Study |Sample Size (n) | VA Improvement (logMAR) | Stereoacuity Improvement

(arcsec)

Tsirlin et al. 90 0.17 400
(2015)

VA Improvement and Stereoacuity Improvement were notably tied to adaptive visual

tasks but data across programs were limited.
4. Immediate Feedback

Programs providing real-time feedback enhanced motor and visual learning rates (Li et
al., 2022; Leal Vega et al., 2022).
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TABLE 5: Immediate Feedback

Study Sample | Adherence (%) | VA
Size (n) Improvement (logMAR)
Lietal 40 95 0.23
(2022)
Leal Vegaet. 28 92 0.18
al (2022)

Mean Adherence Rate: 93.5%
Weighted Average VA Improvement: 0.21 logMAR

5. Patient-Centered Customization
Customization of session duration, content type, and game difficulty increased user

engagement and compliance (Li et al., 2022; Qiu et al., 2007).

TABLE 6: Patient-Centered Customization

Study Sample Compliance (%) Satisfaction
Size (n) Score (1-5)

Li et al (2022) 40 95 4.6

Qiuetal. (2007) 30 90 45

Mean Compliance: 92.5% Mean Satisfaction: 4.55/5

C. Ranking of Traits by Effectiveness

TABLE 7: Trait Ranking

Trait Weighted Compliance Boost| Stereoacuity Overall
VA Gain Gain Effectiveness
Ranking
Dichoptic 0.18 Moderate High (337 1
Presentation arcsec)
Immediate 0.21 High (93.5%) Limited 2
Feedback
Gamification 0.19 High (91%) Moderate 3
Patient-Centered 0.21 Very High (92.5%)| Moderate 4
Customization
Adaptive Visual 0.17 Moderate High (400 5
Settings arcsec)
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Based on statistical manipulation, dichoptic presentation remains the foundation for
success, while feedback and gamification are critical adjuncts that maximize treatment

adherence and outcomes.
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