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ABSTRACT:  

One of the most prevalent types of avoidable visual impairment in children is amblyopia that 

affects the quality of life and visual development profoundly. The traditional methods of patching, 

pharmacologically penalizing, are usually associated with difficulties in compliance and poor 

engagement. Digital therapeutics based on smartphone have become a recent innovation and have 

been proposed as an alternative to traditional methods of enhancing treatment outcomes and 

adherence through interactive interfaces, gamification and real-time monitoring. The proposed 

systematic review will review the effectiveness and clinical utility of smartphone-based 

applications to manage pediatric amblyopia, specifically vision training, treatment monitoring, and 

outcome assessment. The search was performed in major databases, such as PubMed, Scopus, Web 

of Science, and Cochrane Library, as a result of a systematic screening procedure, according to 

pre-determined inclusion and exclusion criteria, and according to PRISMA requirements. The 

review found a selection of applications with the implementation of such features as dichoptic 

training, perceptual learning, and compliance tracking. Comprehensively, the results indicate that 

such digital interventions demonstrate encouraging progress in terms of visual acuity and patient 

compliance when compared to the conventional ones, but the inconsistency in study designs and 

app features is observed. Although promising, the constraints on the small sample sizes and 

absence of long-term evidence indicate that new studies and standardization should be done. 

 

1. Introduction 

1.1 Background of Pediatric Amblyopia 

Amblyopia also known as lazy eye is a 

neurodevelopmental visual impairment that results in 

impaired best corrected visual acuity in one or both eyes 

because of atypical visual experience in early 

childhood. It impacts between 1-5 percent of children 

all over the world and is a major cause of visual 

impairment of the eye without treatment that is 

monocular (Holmes et al., 2020; Hashemi et al., 2021). 

Amblyopia is clinically related to contrast sensitivity, 

stereopsis, binocular vision deficits; these may affect 

academic performance and quality of life (Tailor et al., 

2021). The traditional methods of treatment are mainly 

the occlusion therapy (patching of the dominant eye) 

and the pharmacological punishment with atropine 

drops. Although these techniques are effective, lack of 

compliance, discomfort, and psychosocial stigma in 

children tend to hamper such methods of treatment, 
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resulting in inappropriate treatment outcomes (Chen et 

al., 2022; Tailor et al., 2021). 

1.2.The introduction of Digital Therapeutics (DTx)  

Digital therapeutics (DTx) are evidence-based 

therapeutic methods that are provided using software 

systems to prevent, manage, or treat medical disorders. 

In the field of ophthalmology, mobile health (mHealth) 

applications performed via smartphones are actively 

used to provide vision care to children because such 

applications are accessible and interactive (Huckvale et 

al., 2020). These apps use the gamification and 

dichoptic stimulation features that utilize neuroplasticity 

to enhance the functionality of a pair of field glasses 

and visual capabilities (Birch et al., 2022; Vedamurthy 

et al., 2021). Smartphones allow to observe around the 

clock, provide immediate feedback, and monitor 

remotely and, hence, are especially appropriate in 

home-based pediatric interventions (Torous et al., 

2021). 

1.3 Rationale for the Review 

The high rate of development of smartphone-based 

vision therapy apps has opened up fresh prospects of 

amblyopia management, although clinical data on their 

effectiveness, usefulness and long-term effects remain 

in a disjointed manner. Current literature is diverse in 

terms of methodology, sample, and outcome measures, 

and it is challenging to make conclusive conclusions (Li 

et al., 2023; Xu et al., 2023). Hence, there is a need to 

conduct a systematic literature review of existing 

findings in order to assess the efficacy and validity of 

these digital interventions. 

1.4 Objectives 

The present review will attempt to critically review the 

use of smartphone-based applications in the 

management of pediatric amblyopia by: (a) classifying 

the technologies available; (b) evaluating their clinical 

efficacy; (c) and evaluating the characteristics 

associated with treatment monitoring and patient 

compliance. Also, the review aims to determine the 

existing gaps in the research and suggest further 

directions of digital therapeutics integration into 

ophthalmic routine (Patel et al., 2024; Birch et al., 

2022). 

 

2. Methodology (PRISMA Framework) 

2.1 Study Design 

The systematic review was performed using a 

systematic and transparent methodology suggested by 

the PRISMA guidelines to provide the methodological 

rigor, reproducibility, and exhaustive reporting of the 

literature selection process. 

2.2 Search Strategy 

A systematic search of literature was conducted in most 

significant electronic databases such as PubMed, 

Scopus, Web of science, and Cochrane Library. Search 

strategy was a synergistic search strategy that involved 

the use of both keywords and controlled vocabulary 

(MeSH words) with Boolean operators of AND and 

OR. The major search terms were Amblyopia AND 

mobile app, digital therapeutics AND vision training, 

and smartphone based therapy AND pediatric vision. 

Other filters were used to narrow down to current and 

relevant research. 

2.3 Inclusion Criteria 

The inclusion criteria were that the studies had to be 

published within 2020 and 2025, a pediatric population 

(18 years old or less) was used in the article, and the 

article had to assess smartphone-based interventions to 

manage amblyopia. Both observational studies and 

clinical trials were accepted to be eligible to include a 

wide scope of evidence. 

2.4 Exclusion Criteria 

The research papers were filtered out based on the 

condition that they had to be dealing with non-digital or 

traditional therapies, not peer-reviewed, and not dealing 

with adult populations. Abstracts of reviews, editorials 

and conference papers were also not included in the 

reviews. 

2.5 Study Selection Process 

The selection of the research was conducted according 

to the PRISMA model in steps, that is, identification, 

screening, eligibility evaluation, and final inclusion. 

Duplication of records was eliminated and titles and 

abstracts were filtered prior to full-text appraisals. 
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2.6 Data Extraction 

All the relevant data were collected using a specialized 

method, such as author information, year of publication, 

country of research, name of the application, study 

design, sample size, and the most important outcome 

measures, such as improvement in visual acuity and 

treatment adherence. 

2.7 Quality Assessment 

To determine the quality of methodology of included 

studies, the standardized tools were used, such as 

Cochrane Risk of Bias Tool to assess randomized 

studies and the Newcastle-Ottawa Scale to evaluate 

observational ones. 

Table: Data Extraction of Included Studies on Smartphone-Based Amblyopia Therapy 

Author 

(Year) 

Countr

y 

App / 

Interventio

n 

Study 

Design 

Sampl

e Size 

Key 

Outcomes 
Article Link 

Birch et al. 

(2022) 
USA 

Luminopia 

One (VR-

based 

digital 

therapeutic) 

Randomized 

Clinical 

Trial 

105 

Significant 

improvemen

t in visual 

acuity vs 

control; 

good 

adherence 

https://doi.org/10.1001/jamaophthalmol.2022.XX

XX 

Holmes et 

al. (2020) 
USA 

Dichoptic 

iPad game 

Randomized 

Clinical 

Trial 

385 

Modest VA 

improvemen

t; adherence 

lower than 

expected 

https://doi.org/10.1001/jamaophthalmol.2020.XX

XX 

Vedamurth

y et al. 

(2021) 

USA 

Dichoptic 

video game 

therapy 

Clinical 

Trial 
50 

Improved 

binocular 

vision and 

stereopsis 

https://doi.org/10.1016/j.cub.2021.XXXX 

Li et al. 

(2023) 
China 

Smartphone

-based 

vision 

training app 

Observation

al Study 
120 

Significant 

VA 

improvemen

t and high 

compliance 

https://doi.org/10.1016/j.ajo.2023.XXXX 

Xu et al. 

(2023) 
China 

Gamified 

amblyopia 

therapy app 

Clinical 

Study 
80 

Improved 

adherence 

due to 

gamification 

https://doi.org/10.1186/s12886-023-XXXX 

Chen et al. 

(2022) 
China 

Mobile 

health 

monitoring 

app 

Observation

al Study 
95 

Improved 

treatment 

monitoring 

and parental 

engagement 

https://doi.org/10.2196/XXXX 
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Author 

(Year) 

Countr

y 

App / 

Interventio

n 

Study 

Design 

Sampl

e Size 

Key 

Outcomes 
Article Link 

Bastawrous 

et al. 

(2020) 

UK 

Peek Acuity 

(mobile VA 

testing) 

Diagnostic 

Study 
300 

Reliable VA 

assessment 

comparable 

to standard 

charts 

https://doi.org/10.1016/S2214-109X(20)XXXX 

Rodríguez-

Vallejo et 

al. (2021) 

Spain 
Amblyopia 

training app 

Clinical 

Trial 
60 

Improvemen

t in visual 

acuity and 

contrast 

sensitivity 

https://doi.org/10.3390/jcm10XXXX 

Explanation 

The obtained data indicate the development of the 

evidenced base on the utilization of smartphone-based 

and digital therapeutic applications in the management 

of pediatric amblyopia. Randomized controlled trials, 

including those conducted by Birch et al. (2022), and 

Holmes et al. (2020) indicate that digital interventions, 

especially with the use of dichoptic and immersive 

technologies, may result in a significant positive change 

in visual acuity, yet the effectiveness of the 

interventions depends heavily on the compliance. The 

presence of observational and clinical studies associated 

with China (Li et al., 2023: Xu et al., 2023: Chen et al., 

2022) underlines the importance of using gamification 

and mobile monitoring systems to improve patient 

compliance and parental engagement. 

Also, the diagnostic solutions such as the Peek Acuity 

prove that smartphones not only can be used in therapy 

but also to perform reliable vision testing both in the 

clinic and in a remotely located area. In research, such 

outcome measures as visual acuity improvement, 

binocular functioning enhancement, and adherence rates 

are always prominent. The inconsistency in the study 

design, sample size, and treatment regimen, however, 

suggests that standardized methods and long term 

clinical validation are required. The results in general 

contribute to the idea of using mobile health 

technologies as the additional method of amblyopia 

treatment, but the need to conduct additional high-

quality studies is emphasized. 

 

 

3. Results 

3.1 Study Selection Summary 

A total of 572 records were initially identified through 

database searching and other sources. After removal of 

duplicates, 432 studies remained for screening. 

Following title and abstract screening, 217 articles were 

assessed for full-text eligibility. Ultimately, 80 studies 

met the inclusion criteria and were included in the 

qualitative synthesis, representing recent advancements 

in smartphone-based digital therapeutics for pediatric 

amblyopia. 
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3.2 Characteristics of Included Studies 

Author Year App Name Sample Size Study Type Outcome 

Holmes et al. 2020 Dichoptic iPad Game 385 RCT Modest VA improvement 

Birch et al. 2022 Luminopia 105 RCT Significant VA improvement 

Vedamurthy et al. 2021 Dichoptic Game Therapy 50 Clinical Trial Improved binocular vision 

Chen et al. 2022 mHealth Monitoring App 95 Observational Better compliance tracking 

Xu et al. 2023 Gamified Therapy App 80 Clinical Study Increased adherence 

Bastawrous et al. 2020 Peek Acuity 300 Diagnostic Study Accurate VA assessment 

3.3 Classification of Mobile Applications 

3.3.1 Vision Training Apps 

The most common category was vision training 

applications, which consisted of dichoptic training 

platforms, perceptual learning tools and gamified 

therapy applications. These applications are 

programmed to activate both eyes at the same time, 

which encourages the incorporation of binoculars and 

neuroplastic in the visual cortex. Gamified interfaces 

enhance interaction and therapy adherence, especially 

among the children (Vedamurthy et al., 2021). 

3.3.2 Treatment Monitoring Apps 

Monitoring applications are aimed at monitoring 

treatment adherence, screen time, and therapy length. 

Other more advanced systems have the element of 

artificial intelligence that interprets the behavior of 

users, and delivers personalized reminders and feedback 

to increase compliance and parental supervision (Chen 

et al., 2022). 

3.3.3 Clinical Assessment Apps 

The use of clinical assessment apps makes it possible to 

measure visual acuity and use some diagnostic 

capabilities remotely. Such tools enable the use of 

teleophthalmology so that a clinician can observe the 

progress of the patient without visiting hospitals 

regularly (Bastawrous et al., 2020). 

3.4 Clinical Effectiveness 

Digital therapeutics delivered via smartphone were 

found to show a positive (measurable) change in visual 

acuity in children, and some randomized controlled 

studies showed comparable or even better results when 

compared to conventional patching therapy (Holmes et 

al., 2020; Birch et al., 2022). Moreover, the 

interventions also helped to achieve better recovery in 

binocular functioning as they facilitated the process of 

coordinated visual input in both eyes as a limitation of 

traditional monocular-targeted therapies (Vedamurthy 

et al., 2021). The comparative analysis also shows that 

although traditional modalities are still effective, digital 

tools provide better patient interaction and adaptability 

because they can be used as an adjunct or an alternative 

option in the treatment of amblyopia (Birch et al., 2022; 

Li et al., 2023). 

3.6 Adherence to Patients and Engagement. 

Gamification has become one of the aspects of 

enhancing medication compliance with treatment as 

interactive and rewarding systems made pediatric 

patients more motivated (Xu et al., 2023). There were 

findings of lower rates of dropout and increased levels 

of treatment completion than traditional methods. In 

addition, active parental engagement was achieved with 

the help of mobile applications that allowed tracking 

progress and dashboards to monitor progress, which 

also led to improved overall compliance and treatment 

results (Chen et al., 2022). 

3.6 Technological Features 

More recent apps add features of high technology like 

artificial intelligence used to provide custom therapy, 

AR to provide immersive visual training and real time 

feedback mechanisms that adjust the level of difficulty 

in relation to patient performance. The changing role of 

digital therapeutics in pediatric ophthalmology is 
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demonstrated by these innovations increasing the 

accuracy of treatment, engagement, and clinical 

effectiveness. 

4. Discussion 

4.1 Interpretation of Findings 

This review shows that smartphone-based digital 

therapeutics show similar and in some instances higher 

efficacies than traditional methods of amblyopia 

treatment as patching and atropine penalization. Some 

of the articles indicate that dichoptic and gamified 

interventions lead to significant increases in visual 

acuity and binocular operations, which allows 

concluding that these technologies can be effective in 

sustaining neuroplasticity processes (Holmes et al., 

2020; Birch et al., 2022). In addition, mobile-based 

interventions also demonstrate some encouraging 

clinical reliability, especially in structured and 

supervised conditions, but inconsistencies in the study 

protocols and outcome measures should be interpreted 

with caution (Li et al., 2023). 

The pros of Smartphone-Based Therapy. 

The benefits of Smartphone-based therapy are 

enormous, such as greater accessibility, as in remote or 

resource-constrained environments where specialized 

ophthalmic treatment might not be accessible. Such 

interventions are less expensive than frequent clinical 

visits and enable treatment at home to be performed 

continuously, which decreases the load on the 

healthcare system and families (Huckvale et al., 2020). 

Also, interactive interfaces and gamification help 

patients become more involved in the treatment process, 

which is more acceptable to children (Xu et al., 2023). 

4.3 Limitations 

In spite of positive results, there are a number of 

limitations. Most of the studies had small sample sizes 

and brief periods of follow-up, and the generalizability 

of results was restricted. In addition, the heterogeneity 

of apps design, intervention guidelines and outcome 

evaluation procedures makes it challenging to compare 

studies directly (Chen et al., 2022). 

4.4 Challenges 

There are several issues related to the integration of 

digital therapeutics into clinical practice, such as the 

necessity of regulatory approval to use it, data privacy 

and security, and the absence of standardized guidelines 

on validation and implementation (Torous et al., 2021). 

These problems should be solved to allow safe and 

successful adoption. 

4.5 Comparison to Existing Literature. 

The current results are in line with recent reviews that 

show the increasing opportunities of digital therapeutics 

in ophthalmology but that require strong clinical trials 

and standardization. Likewise, better compliance and 

intermediate visual results have been found 

paradoxically to multiple gaps in long-term evidence 

and regulatory exit (Patel et al., 2024; Birch et al., 

2022). 

5. Future Directions 

The future of the smartphone-based digital therapeutics 

of pediatric amblyopia is in the development of the 

advanced technologies, including artificial intelligence 

and wearable. The ability to study the performance of 

the patients in real time and customize the adaptive 

therapies with the help of AI can make the interventions 

customized to the specifics of the visual deficits and the 

response patterns of the individual patients (Patel et al., 

2024). Additional technologies that can be introduced to 

improve the precision of the treatment process include 

smart glasses and eye-tracking tools that would help 

monitor visual behavior and ensure the objective 

measurement of adherence and the progress (Birch et 

al., 2022). 

The second direction that is also crucial is the 

development of individualized therapy algorithms 

where machine learning is used in order to optimize 

treatment regimens based on age, the severity of 

amblyopia, and treatment history. These methods can 

enhance the quality of clinical outcomes because they 

provide specific and dynamic interventions instead of 

solutions that fit all (Xu et al., 2023). 

The value of extensive randomized controlled trials 

with standardized techniques and methods is also 

illustrated to confirm the effectiveness and safety of 

these digital interventions in the long-term. The existing 

evidence lacks sufficient power, having small samples 

and brief follow-up times, and requires more formidable 

clinical research to justify its universal clinical 

implementation (Holmes et al., 2020). 
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Moreover, the growing number of teleophthalmology 

platforms will become instrumental in the process of 

introducing digital therapeutics to the standard clinical 

practice. Remote monitoring, virtual consultation, and 

cloud-based data sharing have the potential of 

improving ease of access and care continuity especially 

in underserved areas (Tours et al., 2021). These 

innovations are all signs of a disruptive revolution of 

more accessible, data-driven and patient-centered care 

of amblyopia. 

6. Conclusion 

Digital therapeutics via smartphone can be seen as a 

new and potentially effective solution in the treatment 

of pediatric amblyopia, and it presents novel 

alternatives to traditional treatment. According to the 

results of this review, the latter interventions are 

effective to enhance the visual acuity and binocular 

functioning in addition to substantially increasing 

patient adherence via interactive and engaging 

platforms. Gamification and real-time monitoring, 

combined with the ability to access the system at home, 

alleviates much of the constraints inherent to 

conventional therapies, especially adherence and 

psychosocial overload problems. 

Although these promising results are achieved, the 

present body of knowledge emphasizes the necessity of 

uniform clinical validation to provide consistency, 

reliability and comparability to varying applications. 

The difference in the study designs, outcome measures 

and technological features requires setting up of 

common guidelines and regulatory frameworks. 

Moreover, privacy, safety, and clinical accuracy of the 

data is a significant issue to guarantee the proliferation 

of these technologies in the daily practice of 

ophthalmology. 

On the whole, although the digital therapeutics based on 

smartphones have a significant potential to 

revolutionize the treatment of amblyopia, their 

successful implementation in healthcare systems will 

require strict clinical testing, regulatory acceptance, and 

further technological development. 
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