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ACTIVE TREATMENT OF PATIENTS WITH AMBLYOPIA: META-

ANALYSIS AND SYSTEMATIC BIBLIOGRAPHIC REVIEW  

 

ABSTRACT 

 

 

 

PURPOSE: The aim of the study was evaluation of the scientific evidence about the efficacy 

of the active treatments dichoptic training, perceptual learning and video gaming in children, 

teenagers and adult with amblyopia by performing a meta-analysis and systematic 

bibliographic review.. 

 

METHODOLOGY: A search in the online databases PubMed, ScienceDirect, Scopus and 

Google Scholar, of 2517 publications 22 papers were selected that met our inclusion criteria. 

We included randomized controlled trials, cohort, case-control, or nonrandomized studies of 

intervention. A meta‐analysis was performed to determine effect sizes and the heterogeneity 

thereof. Meta‐regression was used to evaluate the contribution of the possible moderating 

factors of age, duration of active treatment, and initial visual acuity to the heterogeneity of the 

studies. 

 

RESULTS: Active treatments of amblyopia resulted in a moderate positive effect size of 0.15 

logMAR (95% confidence interval 0.10 to 0.20) mean improvement on visual acuity, although 

the heterogeneity was very significant (Q = 510.99, I2 = 95%, p = .0000). Meta‐regression 

indicated that effect sizes were not influenced by age, that effect size increased with treatment 

duration, and that worst initial visual acuity was associated with higher effect sizes. 

 

CONCLUSIONS: Our meta-analysis founded a significant moderate evidence for the 

successful management of amblyopia with active treatments. Further robust clinical trials on 

these active treatments are still warranted to establish their role in treating amblyopia. 
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MÀSTER UNIVERSITARI EN OPTOMETRIA I CIÈNCIES DE LA VISIÓ 

 

TRACTAMENT ACTIU DE PACIENTS AMB AMBLIOPIA: 

META-ANALISIS Y REVISIÓ BIBLIOGRÀFICA SISTEMATICA 
 

RESUM 

 

 

PROPÒSIT: l'objectiu de l'estudi va ser l'avaluació de l'evidència científica sobre l'eficàcia dels 

tractaments actius, d’entrenament dicòptic, aprenentatge perceptual i ús de videojocs en nens, 

adolescents i adults amb ambliopia, realitzant una metaanàlisi i una revisió bibliogràfica 

sistemàtica. 

 

MÈTODES:  Una recerca en les bases de dades en línia PubMed, ScienceDirect, Scopus i 

Google Scholar de 2517 publicacions es van seleccionar 22 articles que van complir amb els 

nostres criteris d'inclusió. Es van incloure assaigs controlats aleatoris, de cohorts, de casos i 

controls o estudis d'intervenció no aleatoris. Es va realitzar una metanàlisi per determinar les 

mides de l'efecte i la seva heterogeneïtat. Es va utilitzar la meta-regressió per avaluar la 

contribució dels possibles factors moderadors de l'edat, la durada del tractament actiu i 

l'agudesa visual inicial a l'heterogeneïtat dels estudis. 

 

RESULTATS: Els tractaments actius de l'ambliopia van donar com a resultat una mida d'efecte 

positiu moderat de 0,15 logMAR (95% interval de confiança 0.10 to 0.20)  de millora mitjana 

en l'agudesa visual, tot i que l'heterogeneïtat va ser molt significativa (Q = 510,99, I2 = 95%, p 

= .0000 ). La meta-regressió va indicar que la mida de l'efecte no es va veure influenciat per 

l'edat, que la mida de l'efecte va augmentar amb la durada del tractament i que una pitjor 

agudesa visual inicial es va associar amb mides de l'efecte més alts.. 

 

CONCLUSIONS: El nostre metanàlisi va trobar una evidència moderada significativa per al 

maneig exitós de l'ambliopia amb tractaments actius. Encara es necessiten més assaigs clínics 

sòlids sobre aquests tractaments actius per establir el seu paper en el tractament de l'ambliopia.. 
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TRATAMIENTO ACTIVO DE PACIENTES CON AMBLIOPIA: 

META-ANALISIS Y REVISIÓN BIBLIOGRAFICA SISTEMÁTICA  

 

RESUMEN 

 

 

PROPÓSITO: El objetivo del estudio fue evaluar la evidencia científica sobre la eficacia de 

tratamientos activos de entrenamiento dicóptico, aprendizaje perceptual y videojuegos en 

niños, adolescentes y adultos con ambliopía mediante la realización de un metaanálisis y 

revisión bibliográfica sistemática. 

 

MÉTODOS: Una búsqueda en las bases de datos en línea PubMed, ScienceDirect, Scopus y 

Google Scholar de 2517 publicaciones se seleccionaron 22 artículos que cumplieron con 

nuestros criterios de inclusión. Se incluyeron ensayos controlados aleatorios, de cohortes, de 

casos y controles o estudios de intervención no aleatorios. Se realizó un metaanálisis para 

determinar los tamaños del efecto y su heterogeneidad. Se utilizó la meta-regresión para evaluar 

la contribución de los posibles factores moderadores de la edad, la duración del tratamiento 

activo y la agudeza visual inicial a la heterogeneidad de los estudios. 

 

RESULTADOS: Los tratamientos activos de la ambliopía dieron como resultado un tamaño de 

efecto positivo moderado de 0,15 logMAR (95% intervalo de confianza 0.10 to 0.20) de mejora 

media en la agudeza visual, aunque la heterogeneidad fue muy significativa (Q = 510,99, I2 = 

95%, p = .0000). La meta-regresión indicó que el tamaño del efecto no se vio influenciado por 

la edad, que el tamaño del efecto aumentó con la duración del tratamiento y que una peor 

agudeza visual inicial se asoció con tamaños del efecto más altos. 

 

CONCLUSIONES: Nuestro metaanálisis encontró una evidencia moderada significativa para 

el manejo exitoso de la ambliopía con tratamientos activos. Aún se necesitan más ensayos 

clínicos sólidos sobre estos tratamientos activos para establecer su papel en el tratamiento de 

la ambliopía. 

 

 



6 
Facultat d’Òptica i Optometria de Terrassa  

© Universitat Politècnica de Catalunya, any 2020. Tots els drets reservats 
 

FORMAT 

 

El format de presentació d’aquest Treball Final de Màster és mitjançant la 

redacció d’un article científic en una revista indexada del sector. 
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BACKGROUND 

 

Amblyopia occurs because of abnormal visual experience during early childhood (during the 

cortical plasticity stage). It is a developmental cortical disorder of the visual pathway. Amblyopic 

adults show morphological abnormalities in occipital cortex and in temporal and frontal cortex, 

which are projection fields of visual cortex important for processing of visual form and object 

location information, and disrupted structural covariance of visual cortex with other brain regions 

in amblyopic patients1. 

 

The period of normal development ends at ages varying from a few months (asymmetry of 

optokinetic nystagmus for large, high-contrast patterns) to 6 or 7 years of age (letter acuity, global 

motion, and perhaps light sensitivity in the midperiphery)2. 

 

Clinical amblyopia is often defined as at least 0.2 logMAR interocular difference in acuity with 

best correction3.  Common amblyopia risk factors include anisometropic or high refractive error, 

strabismus, cataract, and ptosis 4. The most common causes for amblyopia, unilateral or less 

commonly bilateral, are ocular misalignment (strabismus) or a refractive error (anisometropia) or 

both (mixed mechanism). These risk factors are the most common cause of visual impairment 

that cannot be explained by structural abnormalities in the eye5.  

 

The global prevalence estimate of amblyopia is 1.75% but the prevalence of amblyopia varies in 

different parts of the world, with the highest prevalence in European countries (3.67%), medium 

prevalence in American countries (2.77%) and the lowest in African countries (0.51%) 6. 
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Visual information reaches the cerebral cortex through parallel ON and OFF pathways. Current 

models assume that amblyopia affects similarly ON and OFF visual pathways, which signal light 

and dark features in visual scenes. However, it seems that optical blur reduces visual salience 

more for light than dark stimuli because it removes the high spatial frequencies from the stimulus, 

and low spatial frequencies drive weaker ON than OFF cortical responses. The increase in dark 

dominance seems to be strongly correlated with amblyopia severity7. 

 

Treatment for amblyopia in children includes: optical correction of significant refractive errors, 

patching, pharmacological treatment, and alternative therapies (behavioural and active 

treatments) which consist of: vision therapy, binocular therapy with liquid crystal display 

eyeglasses are newer treatment modalities for amblyopia8. 

 

Although, historically, the patch or other means of penalization has been the main treatment for 

amblyopia, optical treatment should be considered prior to other treatment in those with 

strabismic, refractive and combined‐mechanism aetiology9. The standard treatment for amblyopia 

is occlusion therapy, which involves patching of the dominant eye. In young children this 

treatment is quite effective, showing improvement in visual acuity10. However, its effectiveness 

decreases in older children and adults11,12. 

 

Amblyopia is often successfully treated in infants and young children but has long been widely 

considered to be untreatable in adults. This fact has traditionally been attributed to decreased 

plasticity in the mature brain at the end of the critical period of development 13. For long, this 

decline in response to treatment in older children and adults has been taken to indicate that the 

“sensitive period for treatment” is identical to the “critical period of vision development” (7-8 

years)14,15.  

 

The efficacy of new behavioural, physical, and pharmacological interventions aiming to balance 

visual input and visual processing have been described in humans, and some are currently under 

evaluation in randomized controlled trials. Outcomes may change amblyopia treatment for 

children and adults, but the safety of new approaches will need careful monitoring, as permanent 

adverse events may occur when plasticity is re-induced after the end of the critical period 15. 

 

Recently treatment of adult amblyopia has garnered interest because the behavioural and neural 

evidence suggesting that a considerable degree of neuroplasticity is preserved well beyond the 

closure of the critical periods for vision16,17. The critical period for developing amblyopia in 



10 
Facultat d’Òptica i Optometria de Terrassa  

© Universitat Politècnica de Catalunya, any 2020. Tots els drets reservats 
 

children extends to 8 years and is relatively easy to correct until that age by improving the quality 

of visual input in the affected eye but becomes increasingly resistant to reversal with age18. In 

support of this evidence, new behavioural treatments have been developed especially with an 

active treatment component (as opposed to passive occlusion)19,20. These methods include 

dichoptic training, perceptual learning, and video gaming.  

 

ACTIVE TREATMENTS 

 

Perceptual learning 

 

Perceptual learning refers to how experience can change the way we perceive sights, sounds, 

smells, tastes, and touch. Examples abound: music training improves our ability to discern tones 

and with years of training radiologists learn to save lives by discerning subtle details of images 

that escape the notice of untrained viewers21. 

 

Eleanor Gibson (1963) defined Perceptual Learning as “any relatively permanent and consistent 

change in the perception of a stimulus array, following practice or experience with this array, 

will be considered perceptual learning”22. Visual perceptual learning is the improvement in visual 

task performance with practice or training. Visual processing is remodelled by the brain, utilizing 

sensory information acquired during task performance. The stability of the visual system is 

viewed as an adaptation to a stable environment and instances of perceptual learning as a reaction 

of the brain to abrupt changes in the environment. Training on a restricted stimulus set may lead 

to perceptual overfitting and over-specificity23. Visual perceptual learning has been used to 

improve visual performance in amblyopia24, myopia25, aging26, presbyopia27, low vision28, cortical 

blindness29 and after refractive surgery30. It can be concluded that perceptual learning is an 

important aspect in relation to the plasticity of adults, with important practical and theoretical 

implications. 

 

Specificity and Transfer. Performance improvements through perceptual learning can be quite 

specific to the trained stimuli and task. For example, improvements in perceptual judgments for 

stimuli of a particular orientation tend to transfer little to the performance of the same task for an 

orthogonal orientation or in a different location. This specificity in the behavioural profile of 

perceptual learning has led most researchers to make strong claims of plasticity in early primary 

visual cortex. They conclude that perceptual learning involves modification or enhancement 

through experience of the representation in orientation-tuned cortical areas with relatively small 

receptive fields such as V1 and V231. Several factors influence the relative specificity and the 
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transfer of training. Retinotopic specificity depends highly upon particularities of the training 

procedure32. Specificity follows after extensive training, while the earliest stages of perceptual 

learning exhibit substantial transfer to a new location and an opposite orientation. Brief training 

shows the best performance at the point of transfer33. Learning benefits from increasing number 

of trials but a further increase in number of trials reduces learning, this reduction is thought to 

arise due to sensory adaptation, that is,  due to repeated stimulation34,35. Transfer of performance 

improvement is observed in low-precision transfer tasks, while specificity of performance 

improvement is observed in high-precision transfer tasks, regardless of the precision of initial 

training36. 

 

Feedback, reward, and attention. when a complex perceptual task is gradually learned, occurs 

brain responses to feedback stimuli. Feedback plays an interesting role in perceptual learning31. 

Whereas trial-by-trial feedback is used in most perceptual learning experiments, significant 

perceptual learning has been observed using tasks without any external feedback37,38, with block 

feedback39 or with temporally coincident feedback to an unrelated task40.The magnitude and speed 

of perceptual learning may be conditioned by different forms of feedback41. Correct feedback 

conditions yield a larger improvement of performance than manipulated and no feedback 

conditions. Providing feedback that is uncorrelated to the observers' responses prevents learning, 

while the effect of block feedback does not differ significantly from complete feedback39. Reward 

plays a central role in incentive-based learning and development of goal-directed behaviors. Trial-

by-trial high reward boost the rate, magnitude, and generalizability of perceptual learning. That 

high reward differentially enhances internal noise-reduction mechanisms of perceptual learning 

and the effect is universal in a range of tasks42. Learning acquisition can be potentiated by 

manipulating visual attentional cues. The attentional feedback signals guide learning by 

suppressing plasticity of irrelevant features while permitting the learning of relevant ones 43. the 

exogenous attention through manipulation of attention during training with task-irrelevant cues 

can boost perceptual learning by enhancing stimulus encoding44. In summary, feedback, 

arousal/attention, and reward can all contribute to the enhancement of perceptual learning in a 

hybrid-learning rule that incorporates effects of reward, attention, and feedback and both Hebbian 

and reinforcement learning components. 

 

Amblyopia. Perceptual learning uses stimulation of visual cortex at corresponding retinal 

locations for treatment of amblyopia. A fundamental and surprising property, mentioned above, 

of visual perceptual learning is the specificity of what is learned. In a typical visual perceptual 

learning experiment, participants are trained over several sessions to discriminate or to detect a 

simple feature, such as the orientation of a line, or of a noise field. The gain in performance 
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measured before and after the training marks the amount of learning. For example, when subjects 

have learned at 45° orientation, there is no gain for an oriented structure of 90°45. The Cambridge 

Visual Stimulator (CAM) is considered the first application of perceptual learning theory. CAM 

consists of rotating high-contrast square-wave gratings in front of the amblyopic eye while the 

child is performing some task requiring visual concentration46. The CAM method of treatment as 

an alternative to conventional occlusion attracted great interest as it reduced the patching of the 

good eye to terms of minutes rather than months and thus eliminated the educational and 

psychological handicap to the child47. After the initial interest, its use decreased because 

controlled studies did not show advantages over conventional occlusion48,49,50. Perceptual learning 

based on visual stimulation as a tool in the treatment of amblyopia regained interest with the 

arrival of interactive software tools. Repetitive practice of software-based, patient-specific visual 

tasks with the non-amblyopic eye covered improves visual performance by inducing plasticity in 

the visual system20. Research in visual perceptual learning uses simple stimuli characterized by 

very simple, basic features such as orientation, direction of motion, or contrast23. The studies 

using perceptual learning cover a range of tasks including Vernier acuity, contrast detection, letter 

identification (both first and second order), Gabor detection, position discrimination, spatial 

frequency discrimination, grating acuity, letter acuity and motion coherence51. 

 

The criticism of the perceptual learning approach includes the task-specific gains that do not 

transfer to novel situations, the need for homebased training systems, and the lack of sustained 

effects and long-term follow-up. 

 

Dichoptic training 

 

In dichoptic training, stimuli are presented separately to each eye. Methods involve playing 

computer games or watching movies on digital displays, with manipulation of the images shown 

to each eye. Presenting different images to each eye is called “dichoptic presentation”. We can 

highlight the use of three systems: “anti-suppression therapy”, “balanced binocular viewing 

(BBV)” and “Interactive binocular treatment (I-BiT™)” 

 

Anti-suppression therapy.  

Stimuli are presented separately to each eye, and in order to balance the cortical input, images 

with reduced contrast are presented to the better-seeing eye, and images with higher contrast are 

shown to the amblyopic eye to counteract suppression and allow for binocular combination52,53. 

The subject then must carry out a task that requires combination of the information from the two 

eyes. If subjects are successful in completing the task, the contrast in the dominant eye is slowly 
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increased until the contrast in both eyes is equal54. This design is based on the idea that alleviating 

suppression of the amblyopic eye through dichoptic stimulus presentation would induce greater 

levels of plasticity than forced use of the amblyopic eye alone. This assumption has led to the 

suggestion that a new treatment of amblyopia should be purely binocular and aimed at reducing 

suppression as a first step55.  

 

Balanced binocular viewing (BBV).  

The procedure involves the blurring of the image received by the better-seeing eye to achieve the 

same aim of balancing input to the primary visual cortex. The resolution of the image shown to 

the better-seeing eye is matched to the resolution perceived by the amblyopic eye. Instead of 

playing a computer game, subject watch movies at home while wearing LCD shutter glasses56. 

BBV treatment show high levels of compliance and seem lead to substantial gains in visual 

function after a relatively short period of treatment. BBV seem indicate that the VA gain in the 

amblyopic eye is not correlate with a reduction in interocular suppression57. Binocular re-

balancing therapy neural basis is still a matter of some debate. The most obvious explanation is 

that reducing the active inhibition of cortical inputs from the amblyopic eye allows for latent 

binocular function to be realized. Based on what we know about the excitatory and inhibitory 

circuits involved in binocular combination, the obvious site of this inhibition would be the point 

at which contralateral inhibitory signals contribute to contrast gain control prior to excitatory 

binocular combination. However other explanations include contrast attenuation of the 

information from the amblyopic eye and synaptic meta-plasticity58. 

 

Interactive binocular treatment (I-BiT™).  

I-BiT™ system presents different parts of a two-dimensional visual scene to either eye via shutter 

glasses, combined with a task that requires combination of the two images. Images are viewed 

with both eyes, but parts of the image can only be seen with the amblyopic eye. The material 

viewed consists of videos and interactive games59,60. I-BiT shutter glasses system consists of a 

desktop PC with two monitors, one for the clinician and one for the patient. The clinician monitor 

is used to control the treatment the patient receives, and the patient monitor displays the visual 

stimuli (video footage and interactive games). The patient monitor allows separate images to be 

presented to each eye with the use of shutter glasses. The shutter glass lenses lighten and darken 

in synchrony with the monitor but faster than the user can perceive and this allows a common 

background to be presented to both eyes and an ‘enriched’ image to be presented only to the 

amblyopic eye (dichoptic stimulation). I-BiT DVD stimulus is divided into two zones. There is an 

outer ‘border’ termed a locking stimulus which is presented to both eyes while the inner part of 

the screen presents the video footage predominately to the amblyopic eye61. 
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The evaluation of results published so far is complicated using different testing protocols, the 

enrolment of participants from different age groups, and those with and without prior treatment, 

but, despite that, dichoptic treatment studies show visual acuity improvement. As dichoptic 

treatments balance the input to the primary visual cortex, they may also have a greater effect on 

binocular function than conventional treatments, as reflected in an improvement in stereoacuity. 

In addition, binocular treatments may have advantages other than improvements in visual 

function. In particular, the use of computer games or videos in these approaches is likely to engage 

children's attention and may thus improve adherence to treatment.  Lastly, through treating the 

fundamental binocular imbalance of amblyopia, dichoptic approaches may reduce the recurrence 

of amblyopia after treatment is stopped62.  

 

Video gaming 

 

The rapid developments in video games and virtual technology have generated considerable 

interest to use these technologies as possible treatment for amblyopia. Watching movies is a 

treatment platform explored by several research teams with a vast a spectrum of potential content. 

Studies need to explore not only efficacy and safety, but also acceptability and usage. Amblyopia 

treatment could use video games based on the fact that they can strengthen a wide range of visual 

tasks in adults with normal vision, including visual attention63, contrast sensitivity64, visual 

crowding65, and light sensitivity66. In order to investigate their effect on amblyopia three 

approaches have been developed.  

 

The first is to use the game with the non-amblyopic eye covered. The present approach follows 

from the observation that playing video games improve the vision in normal people67. The 

improvements seem greatest with fast paced and unpredictable action games68. The second 

strategy is based on dichoptic viewing where the same background is presented to both eyes, but 

an enriched foreground is presented to the amblyopic eye. This can be considered an anti-

suppression strategy (previously explained in Dichoptic training). The third strategy is to develop 

a game with the express purpose of developing stereopsis69.  The therapy for amblyopia, after 

success in visual acuity, should include the development of full stereopsis. Perceptual learning 

based techniques adapted to a video game format can help to develop stereopsis in amblyopic 

adult subjects70,71. 
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QUESTIONS FOR ASSESSMENT 

 

The focus of this article was (a) to review the nature and proposed mechanisms of the new 

behavioural treatment methods and (b) to assess the clinical significance and the effectiveness of 

new active treatments in subjects with amblyopia. 

 

METHODS  

 

The meta-analysis was conducted in accordance with the Meta-Analyses of Observational Studies 

(MOOSE)72 and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines73.  

 

Eligibility Criteria for Considering Studies for This Review 

 

We selected the studies that met the following inclusion criteria:  

• The study primarily evaluated visual/stereo acuity outcomes after active treatment for 

amblyopia. 

• The study reported at least 1 of the following outcomes: visual acuity or improvement in 

visual acuity. 

• The study included a minimum of 20 subjects. 

• Amblyopia was associated with strabismus, anisometropia or high iso-ametropic 

refractive error, or a combination of these conditions. 

The study did not target participants who had completed prior amblyopic treatment or patching. 

However, if the published studies happened to include some participants who had undertaken 

prior treatment, we included the study. 

 

Exclusion criteria were: 

• Amblyopia was due to deprivation such as congenital ptosis or cataracts. 

• Reviews, case reports and letters to the editor. 

• No optical treatment period mentioned in the study. 

• Outcome measure was not visual acuity (for example, outcome was measured in contrast 

sensitivity or motion sensitivity). 

• Participants had concurrent medical issues. 

• Amblyopes and non-amblyopes were combined into one sample. 

• Studies that targeted those who had failed previous amblyopia treatment. 
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• Studies where optical treatment was via refractive surgery. 

• Studies regarding methodology only. 

• Studies targeting the maintenance of visual acuity after cessation of treatment. 

• Studies where the data available only included either those amblyopes who were 

successful with optical treatment or only those who were unsuccessful with optical 

treatment. 

 

 We did not include contrast sensitivity in our analysis because it was not reported in many 

studies, and those that did report it used methods that differed too much for meaningful 

comparison. Regarding study design, we included randomized controlled trials, cohort, case-

control, or nonrandomized studies of intervention.  

 

Search Methods for Identifying Studies 

 

Studies were identified using a comprehensive systematic search, that was conducted in several 

international databases, including PubMed, ScienceDirect, Scopus and Google Scholar during 

December 2019 and January 2020. Literature searches were limited to English language studies 

and with no date restrictions. The search was first developed in Medline (PubMed interface) and 

was then done in other databases. Google Scholar was used to access grey literature (articles not 

formally published by commercial academic publishers)74. Studies that may not be published in 

those databases were identified by searching International Clinical Trials Registry Platform.  

 

The key search words and strategy were “amblyopia” OR “lazy eye” OR “strabismic” OR 

“anisometropic” and with the search strings: “dichoptic amblyopia” OR “perceptual learning 

amblyopia” OR “video game amblyopia”. 

 

Study identification and study characteristics 

 

Our search strategy disclosed a total of 2517 citations. After additional duplicates were removed 

there were 1724 papers remaining. Papers related to visual deprivation amblyopia, refractive 

surgery and animal studies were removed. Also, articles were excluded if they were editorials or 

review articles, or if they consisted of research that was unrelated to this assessment. The 

remaining 43 articles were reviewed in full text by the primary author. Of these 43 articles, 22 

were included and 21 were excluded because of insufficient patient numbers. The flow chart of 

study selection is shown in Fig. 1 based on PRISMA guideline73.  
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram showing the selection process of 

studies screened and evaluated for eligibility for this review. 

 

Data extraction 

 

Data extracted from the identified studies included the following information: name of the first 

author, year of publication, study design, treatment method, premise method, total patients, 

grouping patients, age range, age mean, aetiology, length of treatment, pre-treatment mean  (± 

SD) visual acuity (VA) logMAR, post-treatment  mean (± SD) VA logMAR, mean (± SD) VA 

logMAR improvement (treatment group), mean ± SD VA logMAR improvement control /  

placebo / patching group), mean stereopsis improvement treatment group and mean stereopsis 

improvement control / placebo / patching group. 
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Quality assessment and risk of bias analysis  

 

The 22 articles that met the inclusion criteria were subsequently assigned a level of quality 

assessment using a Downs and Black checklist tool75, which includes reporting bias, external 

validity, information bias, selection bias, and power. There are 27 questions for the five sections 

of assessment and a 32-score maximum. However, the wording for the last question was 

ambiguous and difficult to score. Thus, we modified the last question from a scale of 0 to 5 a scale 

of 0 to 1. We modified the last question as to whether power and sample size were calculated and 

scored it 1 for “yes” answer and 0 for “no” answer76. Then our modified Downs and Black score 

ranges are given four quality levels: excellent (26-27), good (20-25), fair (15-19) and poor (≤14)77.  

 

Data Synthesis and Analysis 

 

Meta-analysis. 

 

Meta-analysis calculates the weighted average of several study results and different models have 

been developed to assign individual study weights based on sample size, variance and other 

criteria related to study bias. We present the results of the Quality Effects model, using MetaXL 

version 5.3 (http://www.epigear.com/index_files/metaxl.html) for Microsoft Excel (Microsoft, 

Redmond, WA). Quality Effects model78 was used throughout this meta-analysis in consideration 

of the clinical heterogeneity resulting from different study designs, protocols, and populations.  

 

Within MetaXL, the Quality Effects model was used with effect size estimates weighted by 

variance, at 95% confidence intervals, as well as a quality score index (Qi).  The Qi was calculated 

based on selected criteria with weighted scores using a Downs and Black checklist tool75. This 

model uses quality scores to weigh studies based on sample size and study quality. 

 

Various sub-group analyses were calculated from where prevalence data were extracted. Potential 

sources of heterogeneity across studies were evaluated by Cochran’s Q test (which verifies the 

presence of heterogeneity) and I2 statistic (which shows the amount of heterogeneity between 

studies). The heterogeneity statistic I2, interpreted as the percentage of variability due to 

heterogeneity between studies rather than sampling error, depends on precision, that is, the size 

of the studies included. The I2 = 0-25% represents no heterogeneity; I2 = 25-50% represents 

moderate heterogeneity; I2 = 50-75% represents large heterogeneity; I2 = 75-100% represents 

extreme79 and Q test (P < .10) was considered statistically significant heterogeneity. When the I2 
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value was above 75%, indicating “considerable” heterogeneity, in the meta-analysis, a meta-

regression was performed. 

In this meta-analysis, we have used a graphical method, the Doi plot, to visualize heterogeneity 

and a measure, the Luis Furuya-Kanamori index (LFK index), to detect and quantify asymmetry 

of study effects in Doi plots. It seems that the visual representation of asymmetry is better for the 

Doi plot when compared with the Funnel plot and that the diagnostic accuracy of the LFK index 

in discriminating between asymmetry due to simulated publication bias versus chance or no 

asymmetry is also better with the LFK index80. The interpretation of this plot is that if the trials 

are homogeneous and not affected by selection or other forms of bias, the plot will therefore 

resemble a symmetrical mountain with similar number of studies on each side and equal spread 

on each side. If either of the latter two is violated, then asymmetry exists. The closer the value of 

the LFK index to zero, the more symmetrical the Doi plot. LFK index values outside the interval 

between -1 and +1 are deemed consistent with asymmetry. According to the LFK index, plot 

asymmetry was rated as absent (LFK +/-1), minor asymmetry (LFK index exceeds ±1 but within 

±2) or major asymmetry (LFK index exceeds +/-2). 

 

The meta-analytic results are presented with a forest plot, the references are listed on the Y-axis 

and the corresponding effect size is provided on the X-axis. The blue boxes corresponding to each 

reference’s effect size are sized based on the weight of each study. The horizontal error bars 

represent the upper and lower confidence intervals for the effect size. The meta-analysis summary 

effect size is provided by a blue diamond and a vertical dashed line. 

 

Meta-regression. 

 

Meta-regression constitutes an effort to explain statistical heterogeneity in terms of study-level 

variables, thus summarizing the information not as a single value but as function. Meta-regression 

can be regarded as a specific case of multilevel or mixed models. Finally, meta-regression can 

also be regarded as a more sophisticated method to explore effect measure modification, where 

the moderators are study-level variables. This goal can also be achieved through stratified or sub-

group analysis, with the caveat that these latter methods estimate heterogeneity independently for 

each stratum or sub-group, therefore precluding direct statistical contrasts between groups. Meta-

regression, said to be a merging of meta-analytic and regression principles, is a more sophisticated 

tool for exploring heterogeneity. It aims to discern whether a linear relationship exists between 

an outcome measure and on or more covariates. The associations found in a meta-regression 

should be considered hypothesis generating and not regarded as proof of causality81. 
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In the present study, we also considered potential moderator variables such as the age, mean 

duration of active treatment and initial corrected visual acuity. For these moderators, a mixed-

effects meta-regression was performed using the worksheets provided by RStudio and the 

“Metafor” package82 using the “rma” function with “mods=”. Scatterplots of classical linear 

model between effect size and its candidate moderator were performed using R Studio with the 

“ggplot2” package.  

 

RESULTS AND DISCUSSION 

 

Studies included in the meta‐analysis 

 

It is difficult to say whether the amblyopes included in these studies were typical of amblyopes 

in the general population. Participants were usually referred to the study by private practitioners 

or hospitals. It is possible, depending on the available healthcare systems, that these amblyopes 

were those whose parents could afford eye care. It is also possible that the interest of the parents 

regarding health care or research could have resulted in a selection bias. The studies were not 

predominantly from one region but included regions with large and different populations. 

 

All included studies (table 2) were, with respect to the active treatment phase, group cohort studies 

with before and after visual acuity measurement. As a result, there were no confounders factors 

or differences in groups such as ethnic origin or baseline acuity because final visual acuity was 

compared to baseline acuity. Age could be considered a confounder factor because we could 

consider that the children matured somewhat within the studied times. 

 

None of the studies mentioned whether the study participants were masked as to the purpose of 

the study. Given that all parents and / or subjects gave their informed consent, it is likely that the 

parents knew the purpose of the study, and it is possible that the amblyopic subjects also knew 

the purpose of the study. 

 

Visual acuity tests in all studies were performed using standard methods that are considered valid 

and reliable. However, some studies defined their visual acuity testing protocol more carefully 

than others. 

 

Quality and potential for bias of the included studies 
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To assess the quality and potential bias of the studies included we used Downs and Black checklist 

tool. This tool bases the quality of a paper on answers to questions regarding selection bias, study 

design, confounders, ‘blinding,’ data collection methods, and reporting of withdrawals and drop‐

outs, to arrive at a ‘global rating’ for the paper. The global rating for each paper is given in the 

table 1. 

 

 

 

Study 

 

Total 

scores 

 

Quality  

Level 

 

Ratio = 

score/27 

 

Holmes et al.201683 16 Fair 0.59 

Herbison et al. 201661 20 Good 0.74 

Mezad-Koursh et al. 201884 15 Fair 0.55 

Mansouri et al. 201485 13 Poor 0.48 

Vedamurthy, Nahum, Huang et al. 201586 14 Poor 0.52 

Rajavi et al. 201687 14 Poor 0.52 

Polat et al. 200488 15 Fair 0.55 

Gao et al. 201889 21 Good 0.78 

Li et al. 201490 15 Fair 0.55 

Hussain et al. 201491 15 Fair 0.55 

Gambacorta et al.201892  17 Fair 0.63 

Totsuka et al. 201893 14 Poor 0.52 

Bossi et al. 201757 16 Fair 0.59 

Birch et al. 201594 15 Fair 0.55 

Manh et al. 201895 17 Fair 0.63 

Kelly et al. 201696 17 Fair 0.63 

Deshpande et al. 201897 17 Fair 0.63 

Vedamurthy, Nahum, Bavelier et al. 201598 14 Poor 0.52 

Lee, kim. 201899 18 Fair 0.67 

Iwata et al. 2018100 17 Fair 0.63 

Iwata et al. 2018101 13 Poor 0.48 

Kuruca et al. 2015102 12 Poor 0.44 

 

 

Table 1. Downs and Black checklists scores and ratios result of the studies selected. 
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Table 2. Baseline characters of studies 

 

 

 

Study 

 

 

 

Study design 

 

 

 

Method / Premise 

 

 

Type  

of amblyopia 

 

 

Duration 

of 

treatment 

(hours) 

 

 

Patients  

 

 

Mean age. 

Years 

(range) 

Average 

baseline 

visual acuity 

prior to 

therapeutic 

intervention. 

logMAR 

Average 

improvement 

in visual acuity 

after 

therapeutic 

intervention. 

logMAR 

Study 

quality. 

Downs and 

Black score 

range. (ratio 

= score/27) 

 
 

Holmes et 

al.201683 

 
Randomized 

multicemter, non-

inferiority clinical 
trial 

 
Dichoptic training  

Anti-suppression therapy 

 
 

A, S, A/S 

 
 

96 

 
 

190 

 
 

8.50  

(5 to 12) 

 
 

0.51 

 
 

0.1 

 
 

Fair (0.59) 

 

 

Herbison et al. 
201661 

 

 

 

Randomised 
control trial 

 

Video gaming 

Interactive binocular treatment (I-BiT™). 

 

 

A, S, A/S 

 

 

 
18 

 

 

 
26 

 

 

 
5.8 

 (4 to 8) 

 

 

 
0.53 

 

 

 
0.1 

 

 

 
Good (0.74) 

 
Mezad-

Koursh et al. 

201884 

 
Nonrandomized 

open-label 

prospective pilot-
trial 

 
Dichoptic training  

Anti-suppression therapy 

 
 

A, S, A/S 

 
 

72 

 
 

19 

 
 

6  

(4 to 8) 

 
 

0.66 

 
 

0.27 

 
 

Fair (0.55) 

 

Mansouri et 

al. 201485 

Clinical trial 

(non-sham 

controlled and 
non-randomized) 

 

Dichoptic training  

Anti-suppression therapy 

 

A, S 

 

36 

 

22 

 

36.2  

(5 to 73) 

 

0.82 

 

0.34 

 

Poor (0.48) 

Vedamurthy, 

Nahum, 
Huang et al. 

201586 

 

Nonrandomised 
control trial 

Video gaming 

action gaming + perceptual learning 

 

A, S 

 

40 

 

23 

 

39.7 
 (19 to 66) 

0.49 0.14  

Poor (0.52) 

 
Rajavi et al. 

201687 

Randomized 
control trial study 

 

Dichoptic training. 
Interactive binocular treatment (I-BiT™). 

 
 

A 

 
 

10 

 
 

25 

 
 

5.67  

(3 to 10) 

 
 

0.34 

 
 

0.17 

 
 

Poor (0.52) 

 
Polat et al. 

200488 

Prospective, 
randomized, 

masked, 

controlled study 

Perceptual learning 
gray-level gratings  

with spatial frequencies of 1.5–12 (cpd)  

 
A, S 

 
 

68 

 
 

63 

 
 

38.3  

(9 to 55) 

 
 

0.41 

 
 

0.15 

 
 

Fair (0.55) 

 

Gao et al. 

201889 

Multicenter 

double-mask, 

randomized 
clinical trial 

 

 

Video gaming 

Anti-suppression therapy 

 

 

A, S, A/S 

 

 

36 

 

 

56 

 

21.5  

(7 to 55) 

 

 

0.53 

 

 

0.06 

 

 

Good (0.78) 
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Li et al. 

201490 

 
Cohort study 

 
Dichoptic training  

Anti-suppression therapy 

 

 
A, S, A/S  

 
16 

 
45 

 
8  

(4 to 12) 

 
0.47 

 
0.08 

 
Fair (0.55) 

 

Hussain et al. 

201491 

 

Cohort study 

 

Video gaming 

contrast sensitivity training 
 

 

A, S, A/S  

 

11 

 

10 

 

9.3  

(7 to 14) 

 

0.67 

 

0.12 

 

Fair (0.55) 

 

Hussain et al. 

201491 

 

Cohort study 

Video gaming 

contrast sensitivity training 

 

A, S, A/S 

 

11 

 

10 

 

41  

(24 to 53) 

 

0.32 

 

0.11 

 

Fair (0.55) 

 

Gambacorta et 

al.201892  

Nonrandomized 

studies of 

intervention 
 

 

Dichoptic training 

 Balanced binocular viewing (BBV) 

 

A, S 

 

20 

 

10 

 

9.95  

(7 to 17) 

 

0.48 

 

0.14 

 

Fair (0.63) 

 

 
Totsuka et al. 

201893 

 

Nonrandomized 
studies of 

intervention 

 

 

Dichoptic training  
Anti-suppression therapy 

 

 
A 

 

 
120 

 

 
35 

 

 
5.5  

(3 to 9) 

 

 
0.78 

 

 
0.69 

 

 
Poor (0.52) 

 
 

Totsuka et al. 

201893 

 
Nonrandomized 

studies of 

intervention 

 
Dichoptic training  

Anti-suppression therapy 

 
 

S 

 
 

180 

 
 

37 

 
 

5.5  

(3 to 9) 

 
 

0.77 

 
 

0.59 

 
 

Poor (0.52) 

 

 

Bossi et al. 
201757 

 

 

Cohort study 

Dichoptic training. 

Balanced binocular viewing therapy (BBV).  

 

 

 

A, S, A/S  

 

 

80 

 

 

22 

 

 

6.6  
(3 to 11) 

 

 

0.78 

 

 

0.27 

 

 

Fair (0.59) 

 

Birch et al. 

201594 
 

 

 

Nonrandomized 

clinical trial 

 

Dichoptic training  

Anti-suppression therapy 

 

 

A, S, A/S  

 

 

16 

 

 

45 

 

 

5.6  
(3 to 7) 

 

 

0.43 

 

 

0.09 

 

 

Fair (0.55) 

 
Manh et al. 

201895 

 
Randomized 

clinical trial 

 
Dichoptic training  

Anti-suppression therapy 

 

 
A, S, A/S  

 
80 

 
40 

 
14.3  

(13 to 17) 

 
0.5 

 
0.1 

 
Fair (0.63) 

 

Kelly et al. 

201696 
 

 

Randomized 

clinical trial 

 

Dichoptic training  

Anti-suppression therapy 

 

A, S, A/S 

 

10 

 

14 

 

6.7  

(4 to 10) 

 

0.48 

 

0.17 

 

Fair (0.63) 

 

Deshpande et 

al. 201897 

Nonrandomized 

studies of 

intrevention 

Perceptual learning + patch 

The games modified stimulate the exact axis of 

astigmatism  

Astigmatism, 

meridional 

amblyopia 
 

 

60 

 

32 

 

10  

(8 to 12) 

 

0.43 

 

0.35 

 

Fair (0.63) 
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Deshpande et 

al. 201897 

 
Nonrandomized 

studies of 

intrevention 

 
Perceptual learning + patch 

The games stimulate the exact axis of astigmatism  

 
Astigmatism, 

meridional 

amblyopia 
 

 
 

60 

 
 

18 

 
 

16.5  

(13 to 20) 

 
 

0.43 

 
 

0.35 

 
 

Fair (0.63) 

 

Vedamurthy, 
Nahum, 

Bavelier et al. 

201598 

 

 
Cohort study 

 

Dichoptic training  
Anti-suppression therapy 

 

 
A, S, A/S  

 

 
40 

 

 
23 

 

 
39.6  

(19 to 62) 

 

 
0.58 

 

 
0.14 

 

 
Poor (0.52) 

 

Lee, kim. 

201899 

 

Clinical trial, 

non-sham 
controlled 

 

 

Dichoptic training  

Anti-suppression therapy 

 

 

A, S, A/S 
 

 

 

40 

 

 

22 

 

 

8.7  
(6 to 11) 

 

 

0.22 

 

 

0.04 

 

 

Fair (0.67) 

 

 
Iwata et al. 

2018100 

 

 
Randomized 

controlled trial 

 

 

Dichoptic training  
Anti-suppression therapy 

 

 
A 

 

 
24 

 

 
23 

 

 
4.8  

(3 to 7) 

 

 
0.25 

 

 
0.3 

 

 
Fair (0.63) 

 

Iwata et al. 

2018101 

 

Nonrandomized 

studies of 
intervention 

 

Dichoptic training  

Anti-suppression therapy. 

 

A 

 

24 

 

22 

 

4.7  

(3 to 7) 

 

0.25 

 

0.29 

 

Poor (0.48) 

 

Kuruca et al. 

2015102 

 

Nonrandomized 

studies of 
intervention 

 

 

Perceptual learning  

Cambridge vision stimulator (CAM) 

 

 

A, S 

 

 

90 

 

 

29 

 

 

7.17  
(4 to 10) 

 

 

0.39 

 

 

0.14 

 

 

Poor (0.48) 

 

A: anisometropic, S: strabismic, A/S: mixed 
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Meta-analysis, heterogeneity, and publication bias 

 

We first fitted a Quality Effects model, using “MetaXL”, to the mean change in visual acuity for 

the 22 studies using active treatments. This analysis assessed the effect size and we found that the 

estimated effect size was 0.15 logMAR (95% confidence interval, 0.10 to 0.20) (see Fig. 2) 

 

The included studies were assessed for heterogeneity and publication bias. Accordingly, the 

analysis showed an extreme heterogeneity of Cochran’s Q test (Q = 510.99, p = .0000) and I2 

statistic showed extreme heterogeneity (I2 = 95%) (see Fig.2). Inspection of the Doi plot revealed 

an asymmetrical shape and the LFK index was 3.35 verifying the presence of publication bias 

(see Fig. 3). 

 

Figure 2. A forest plot of point estimates of improvement visual acuity pooled prevalence of active treatments of amblyopia. 

Squares are the sample sizes (varied square shapes are represented by sample population; bigger and smaller shapes are 
automatically generated based on the sample weights sizes). Diamond indicates overall treatment effect, diamond center indicates 

combined treatment effect and tips of diamond indicates 95% CI. 

global improvement VA QE

ES
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Study 

Lee y Kim 2018 

Gao et al. 2018  

Li et al. 2014 

Birch et al. 2015 

Holmes et al. 2016  

Manh et al.2018 

Herbison et al. 2016  

Hussain et al. 2014 ( no child) 

Hussain et al. 2014 (child) 

Gambacorta et al. 2018 (D) 

Vedamurthy, Nahum, Bavelier,  

Kuruca et al. 2015 

Vedamurthy, Nahum, Huang,  

Polat et al. 2004 

Overall 

Q=510,99, p=0,00, I2=95%

Rajavi et al. 2016 

Kelly et al. 2016 

Mezad-Koursh et al. 2018  

Bossi et al. 2017 

Iwata et al. 2018 (b)  

Iwata et al. 2018 (a)  

Mansouri et al. 2014  

Deshpande et al. 2018 (1) 

Deshpande et al. 2018 (2) 

Totsuka et al. 2018 (S) 

Totsuka et al. 2018 (A) 

    ES (95% CI)          % Weight

   0,04  ( -0,06,  0,14)      1,3

   0,06  (  0,03,  0,09)      2,6

   0,08  (  0,06,  0,10)      2,9

   0,09  (  0,01,  0,17)      1,1

   0,10  (  0,06,  0,14)      1,7

   0,10  (  0,00,  0,20)      1,3

   0,10  (  0,09,  0,11)     19,5

   0,11  (  0,07,  0,15)      1,5

   0,12  (  0,06,  0,18)      1,2

   0,14  (  0,10,  0,18)      1,8

   0,14  ( -0,03,  0,31)      1,0

   0,14  (  0,03,  0,25)      0,9

   0,14  (  0,14,  0,14)     45,9

   0,15  (  0,13,  0,17)      3,1

   0,15  (  0,10,  0,20)    100,0

   0,17  (  0,13,  0,21)      1,6

   0,17  (  0,12,  0,22)      1,5

   0,27  (  0,15,  0,39)      1,1

   0,27  (  0,18,  0,36)      1,2

   0,29  (  0,25,  0,33)      1,2

   0,30  (  0,25,  0,35)      1,5

   0,34  (  0,27,  0,41)      1,0

   0,35  (  0,30,  0,40)      1,6

   0,35  (  0,29,  0,41)      1,4

   0,59  (  0,45,  0,73)      1,0

   0,69  (  0,55,  0,83)      1,0
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Figure 3. Doi plot analysis and LFK index of publication bias 

 

 

Heterogeneity between study results is an important issue in determining the validity of a meta-

analysis. When there is substantial heterogeneity, the situation calls for an examination of the 

causes of the heterogeneity.  To examine heterogeneity in meta-analysis, exist the meta-regression 

that can handle continuous moderator variables. We performed meta-regression analyses to 

explore the sources of heterogeneity and graded the credibility of the cumulative evidence. 

 

Differences in clinical efficacy among various amblyopia active treatments might exist but could 

not be readily confirmed from the available data. Meta-regression allows the effects of multiple 

factors to be investigated simultaneously, although this in our review has not been possible due 

to an inadequate number of studies in perceptual learning and video gaming treatments. In 

general, meta-regression should not be considered when there are fewer than ten studies in a meta-

analysis.  

At least part of the heterogeneity may be due to the influence of moderators. For example, the 

effectiveness of active treatments may depend on the duration treatment, age of patients and initial 

visual acuity. We examined these hypotheses by fitting a mixed-effects model. Factors that may 

have influenced the degree of visual acuity improvement, such as age, duration at treatment or 

initial visual acuity, are discussed below. 
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Age at active treatment 

 

 

Table 3. Meta-regression Analyses 

 

Tau2 (estimated amount of residual heterogeneity):     0.0008 (SE = 0.0019) 

R2 (amount of heterogeneity accounted for):                0.00% 

Test for Residual Heterogeneity:                                  QE (df = 23) = 18.1262, p = 0.7506 

 

Moderator Estimate        Standard error              p                      95%-CI   

 

Intercept                   0.1433               0.0281         <.0001  0.0882; 0.1983 

 

Age                  -0.0001               0.0010         0.9612 -0.0021; 0.0020 

  

 

 

 

Age has been implicated as a fundamental factor in the effectiveness of amblyopia treatment 12. 

Therefore, it is reasonable to predict that age will be a significant factor for the effectiveness of 

treatment throughout life. Surprisingly, our meta‐regression data (Mixed-effects model) indicates 

that age does not have a significant effect on the effectiveness of active treatment methods (see 

Fig. 4).  

 

The R2 (Table 3) indicated that 0.00 per cent of the heterogeneity in the included studies might be 

accounted for by the age of participants. Dennis M. Levi and Roger W. Li 20 also found no effect 

of age on visual acuity improvement in their review of perceptual learning. This suggests that the 

adult visual cortex retains its plasticity into adulthood, which is supported by evidence of 

plasticity in visual attention and learning in normal vision 26. 

 

The analysis of each treatment separately shows that age was a neutral factor in the improvement 

of visual acuity in the three active treatments (see Fig.5). Although the few studies in perceptual  

learning and video gaming do not guarantee the reliability of the results in these treatments. 
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Figure 4. A simple scatter plot between two quantitative variables: improvement VA and age. In the scatter plot, the dark red dashed 
line show regression line with error band (blue fill) showing how good the fit is. Different symbols in the scatter plot correspond to 

different treatment types. D: dichoptic treatment, P: perceptual learning, V: video games, VA: visual acuity, t: type of treatment. 

 

 

 

 

Figure 5. A simple scatter plot between two quantitative variables: improvement VA and age. In the scatterplot, the dashed lines 
show regression line of best fit to different treatment types. Different symbols and dashed lines in the scatter plot correspond to 

different treatment types. D: dichoptic treatment, P: perceptual learning, V: video games, VA: visual acuity, t: type of treatment. 
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Duration of active treatments 

 

 

Table 4. Meta-regression Analyses 

 

Tau2 (estimated amount of residual heterogeneity):    0 (SE = 0.0006) 

R2 (amount of heterogeneity accounted for):               100.00% 

Test for Residual Heterogeneity:                                 QE (df = 23) = 14.2801, p = 0.9186 

 

Moderator Estimate    Standard error    p                 95%-CI 

 

Intercept                  0.0834         0.0259  0.0013              0.0326; 0.1342   

 

Hours                   0.0015         0.0007  0.0321              0.0001; 0.0029 

  

 

 

Active treatment duration was a significant factor in normal adult vision as shown in experiment 

of Hussain et al103 about perceptual learning. However, absence of the effect of training duration 

on visual acuity improvement was reported by Levi and Li20 for perceptual learning. In our 

analyses, globally assessing the active treatment methods, the meta‐regression data (Mixed-

effects model) indicated that the duration of training was a significant factor in improvement of 

visual acuity (see Fig. 6). 

 

The R2 (Table 4) indicated that 100 per cent of the heterogeneity in the included studies might be 

accounted for by the duration of active treatments.  

 

The analysis of each treatment separately shows that only duration active treatment was a 

significant positive factor in the improvement of visual acuity in dichoptic training. Duration 

active treatment was a significant negative factor in perceptual learning and a neutral factor in 

video gaming.  (see Fig.7). Although the few studies in perceptual learning and video gaming do 

not guarantee the reliability of the results in these treatments. 
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Figure 6. A simple scatter plot between two quantitative variables: improvement VA and duration of treatment. In the scatter plot, 
the dark red dashed line show regression line with error band (blue fill) showing how good the fit is. Different symbols in the scatter 

plot correspond to different treatment types. D: dichoptic treatment, P: perceptual learning, V: video games, VA: visual acuity, t: 

type of treatment. 
 

 

 

 

Figure 7. A simple scatter plot between two quantitative variables: improvement VA and duration of treatment. In the scatter plot, 

the dashed lines show regression line of best fit to different treatment types. Different symbols and dashed lines in the scatter plot 

correspond to different treatment types. D: dichoptic treatment, P: perceptual learning, V: video games, VA: visual acuity, t: type of 
treatment. 
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Baseline corrected visual acuity 

 

 

Table 5. Meta-regression Analyses 

 

Tau2 (estimated amount of residual heterogeneity):     0.0001 (SE = 0.0005) 

R2 (amount of heterogeneity accounted for):                58.32% 

Test for Residual Heterogeneity:                                  QE (df = 23) = 18.0228, p = 0.7563 

 

 Moderator       Estimate  Standard error       p                     95%-CI 

 

  Intercept           0.2032       0.0837       0.0152    0.0391; 0.3673   

 

  Initial VA       -0.1379                 0.1695     0.4160                  -0.4701; 0.1943     

 

 

 

Depth of amblyopia was demonstrated to be a significant factor in the success of active treatment. 

We also found that initial visual acuity was a consistent statistically significant predictor.  In our 

meta‐regression data (Mixed-effects model) the R2 (Table 5) indicated that 58.32 per cent of the 

heterogeneity in the included studies might be accounted for by the initial visual acuity.  

 

We could assume that subjects with poorer visual acuity had more capacity for improvement and 

that a "floor" effect could occur in those with better visual acuity. Our results confirm the previous 

assumption, greater improvements in visual acuity corresponded to worse initial visual acuity and 

subjects with better baseline corrected visual acuity showed lower improvements (see Fig.8). This 

leads us to assume that the worst acuity in severe amblyopia is more suitable to active treatment. 

 

The analysis of each treatment separately shows that only initial visual acuity was a significant 

factor in the improvement of visual acuity in dichoptic training and in perceptual learning 

treatments (see Fig.9). Although the few studies in perceptual learning and video gaming do not 

guarantee the reliability of the results in these treatments. 
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Figure 8. A simple scatter plot between two quantitative variables: improvement VA and initial visual acuity. In the scatter plot, the 

dark red dashed line show regression line with error band (blue fill) showing how good the fit is. Different symbols in the scatter 

plot correspond to different treatment types. D: dichoptic treatment, P: perceptual learning, V: video games, VA: visual acuity, t: 
type of treatment. 

 

 

 

 

 

Figure 9. A simple scatter plot between two quantitative variables: improvement VA and initial visual acuity. In the scatter plot, the 

dashed lines show regression line of best fit to different treatment types. Different symbols and dashed lines in the scatter plot 

correspond to different treatment types. D: dichoptic treatment, P: perceptual learning, V: video games, VA: visual acuity, t: type of 
treatment. 
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LIMITATIONS 

 

Our review has several serious limitations. (I) The number of studies included was small (II) 

Direct comparison between these studies is difficult because methods, protocols, length, and type 

of treatment and follow up differ widely between them. (III) The studies tend to be small (n = 

<50, and in most cases n <30), which diminishes the clinical application of their statistical 

analysis. (IV) There was a wider range in participants ages and some studies reported only the 

age range or mean. Some recruited only adults, other cohorts were child’s and some included 

adult and child subjects. (V) The short, or absent, follow up is another potential weakness in many 

of these studies. (VI) The fact that not all studies were randomized with a no-treatment control 

may be of concern, but the ethical problems associated with denying treatment for a condition 

that is known to benefit from early treatment means that such a control would be unlikely. (VII) 

Most analyses are based on the duration of treatment specified in the trial design or estimated 

rather than the actual time of active treatment.   

 

 

PERSPECTIVE 

 

To evaluate the efficacy of different active treatments in improving visual acuity in amblyopia 

compared to conventional (passive) treatments, studies should be conducted based on several 

considerations. Initially, randomized controlled trials would be the best study design for this 

scientific question and blinding would be necessary for measurement. But, when interpreting the 

results of any study and designing new studies for amblyopia treatments, it is necessary to be 

aware of potential biases, including age, baseline refractive error, subtype and severity of 

amblyopia, treatment above and the duration of the study, as each can affect the effectiveness of 

the treatment. Additionally, in amblyopia studies, there are practical barriers to randomization, 

blindness, and obtaining complete and accurate data. Therefore, non-randomized studies with 

clearly defined inclusion criteria and a clear protocol are also required in the future. Based on 

these sufficient and robust clinical trials, we could conduct more qualitative and quantitative 

reviews and provide high-level evidence for the treatment of amblyopia. 
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CONCLUSIONS  

 

The answer to the main question we investigated is yes, active treatments improves visual acuity 

in amblyopic subjects. On review, evidence for the successful management of refractive, 

strabismic or combined-mechanism amblyopia, with active treatment such as dichoptic training, 

perceptual learning, and video gaming, has been found. Our review seems to indicate that at 

present, dichoptic training would be the most promising future option in the research of amblyopia 

treatment because it aims not only to improve visual acuity in the amblyopic eye, but also to 

promote binocular function and stereoacuity. The fact that effects size varied considerably but 

were always positive, whether participants were children, older children or adults, or whether the 

aetiology was refractive, strabismic or mixed, argues that the active treatment of amblyopia could 

be a good choice of treatment in older children and adults and a good complement for occlusion 

or penalisation therapy in children. 
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