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        Abstract



        
          Background:


          Convergence insufficiency (CI) is one of the most common binocular vision disorders. The condition negatively affects the quality of life through its impact on near activities, while there is a large gap in the information on its global prevalence and consensus on treatment.

        


        
          Objectives:


          The purpose of this systematic review and meta-analysis was to assess the prevalence and treatment options available for convergence insufficiency.

        


        
          Methods:


          The study was performed in 2023 using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA-2020) guidelines. The authors have searched Google Scholar, Research Gate, Scopus, PubMed, Index Medicus, Web of Science, and the JAMA network. This review included peer-reviewed studies published between January 2000 to January 2023 that assessed the prevalence and treatment modalities of convergence insufficiency.

        


        
          Results:


          The authors screened 13250 studies, 20 for prevalence and 15 for treatment from 12 countries that met the inclusion criteria for the study. The overall pooled prevalence of convergence insufficiency was 7.98%, and the heterogeneity between the studies was highly significant P < 0.0001. Majorities of the studies 12(80%) reported that office-based vision therapy is the most effective treatment of CI, form those studies 5(42.0%) highlighted that office-based vergence/accommodative therapy with home reinforcement is the best modality of treatment. Whereas, home-based pencil push-up therapy, vision therapy with modified refractive correction, and vision therapy with prismatic correction were reported as effective treatment options for CI. The reviewed studies showed that vision therapy is highly effective to recover from symptomatic CI in both adults and children.

        


        
          Conclusion:


          The prevalence of convergence insufficiency was high, there was highly significant heterogeneity between the reviewed studies. Office-based vergence/accommodative therapy with home reinforcement is the best modality of treatment, followed by home-based pencil push-up therapy, vision therapy with modified refractive correction, and vision therapy with prismatic correction. There is consensus among reviewed studies that vision therapy is highly effective to recover from symptomatic CI in both adults and children.
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      1. INTRODUCTION


      Convergence insufficiency (CI) is one of the most common binocular vision anomalies that cause difficulty in near activities [1, 2]. The condition leads to the discomfort of near vision, and functional difficulties such as reading, writing, and confused attention, resulting in impaired education, poor academic performance, and task achievements [3-5]. CI is typically described as a group of clinical signs that appear at near fixation, such as exophoria, a receded point of convergence, and reduced positive fusional vergence amplitude [6]. Anne et al. reported that the near point of convergence break performed best in detecting children with CI during the school vision screening [7]. A previously published study reported that correction of refractive errors results in the resolution of many vergence and accommodative disorders [8].


      Patients suffering from CI commonly complain of asthenopia symptoms such as eyestrain, blurring of vision, diplopia, headaches, and reading difficulties [9-11]. In the United States of America, symptomatic CI is a prevalent binocular vision defect affecting approximately 5% of the population [12, 13]. An early study showed that CI had been confirmed to be a prevalent binocular vision disorder among both children and adults and recommended that there is a critical need for studies to assess it is prevalence among students who learn in a digital setting [14]. Among the studies conducted in various regions with different environments and ethnic backgrounds, the findings showed the prevalence of CI varied between 1.7 to 33% [9]. Whereas, the prevalence of CI among school-aged children reported in the literature varies from 2% to 13% [15]. An earlier study [16] showed that there was no significant difference in the prevalence of CI with age up to 60 years, but it increased significantly after 60 years. Furthermore, similar findings from a study conducted in Iran revealed that the prevalence of CI is affected by age, gender, and refractive condition [17]. In the last decade, the literature showed the CI Symptom Survey (CISS), which is a questionnaire used as an indicator for the treatment of CI, a study conducted in 2015 suggests that the CISS questionnaire is not specific to detect convergence insufficiency [5]. A further study reported that the accurate prevalence of CI in the general population has not been investigated due to the different criteria for its diagnosis [18].


      There are several types and modalities for the treatment of CI that can be prescribed, such as base-out prism spectacles, pencil push-ups, vision therapy, and home-based computer vergence/accommodative therapy, there is a lack of information and rareness of unanimity about the most convenient treatment [19, 20]. Maryam and other authors compared the efficiency of three approaches of vision therapy for treating CI, they reported that in adults, office-based vision therapy was more effective than the other options for treatment [19]. The findings from a study performed in South Korea suggest that vision therapy is successful in repose the symptoms of CI [21,22]. Another study was designed to compare the effectiveness of home-based pencil push-ups and office-based vision therapy in emmetropes with CI associated with asthenopia symptoms; the study found no difference between the two methods of therapy [23]. Amit et al, reported that smartphone-based fusion exercises connected with modified glasses prescriptions are more effective in the treatment of symptomatic CI [24]. Previously published studies [25, 26] showed that improvements in reading performance were found after office-based vergence/accommodative therapy. Most of the treatment studies of CI did not report any side effects for any of the earlier techniques, moreover, they showed great adherence to office-based vergence/ accommodative therapy [27, 28]. As mentioned above, there is a large gap in the information on its global prevalence and consensus on the treatment of CI. Therefore, this systematic review and meta-analysis assessed the prevalence and treatment modalities available for CI.

    


    
      

      2. MATERIALS AND METHODS


      
        

        2.1. Strategy and Selection Criteria


        The present study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines [29]. The researchers have searched Google Scholar, Research Gate, Scopus, PubMed, Index Medicus, Web of Science, and the JAMA network. This systematic review and meta-analysis included peer-reviewed studies published between January 2000 and January 2023 that assessed CI prevalence and available treatment modalities. In this study, the search keywords were performed using the Boolean operator (OR/AND): The keywords used to search were frequency, incidence, prevalence, rate or proportion, and clinical presentation and treatment of CI.


        The review was focused on English language articles conducted to assess the prevalence and treatment options for CI taken for all age groups. CI Symptom Survey questionnaire studies were excluded because of the validity and reliability used in the calculation of prevalence, the review articles also were excluded from the calculation and analysis of prevalence. The study also excluded studies without basic data collection, conference papers, meeting abstracts, and editorial discussions. Whereas in the treatment of CI studies, we excluded the studies without basic data collection, as shown in Fig. (1).

      


      
        

        2.2. Data Collection and Extraction


        The authors evaluated the articles through the titles and abstracts, to investigate the prevalence, the principal investigator extracted the given author’s name, year of publication, country of study, sample size, and age groups. Whereas in the treatment modalities of CI, the principal investigator extracted the data from randomized controlled trials examining any types of non-surgical treatment and comparative studies for all age groups. The types of treatment vary from study to study, such as home-based computer vergence/accommodative therapy, office-based vergence/ accommodative therapy, pencil/target push-ups, base-in prism combined with progressive addition lenses, and placebo therapy. The outcomes of treatment in these studies evaluated depend on near point of convergence, positive fusional vergence, and/or CI Symptom Survey.

      


      
        

        2.3. Data Analysis


        The data from the inclusive articles were registered independently in a prepared Microsoft Excel Sheet format containing information about the first author’s name, study country, year of publication, means of age, size of samples, and the prevalence and treatment of CI. Then Meta-analysis for the prevalence of CI was performed using MedCalc-Version 19.6.1 software (Mariakerke, Belgium). In the current study, heterogeneity among studies was evaluated by a Q-statistic that is distributed as χ2 under the assumption of homogeneity of effect sizes, and I2 index I2 values ranged between 0 and 75%, representing none to high heterogeneity. Finally, analyzed information was used to create tables presenting the prevalence of CI and the equivalent weight for each study. The overall pooled prevalence of CI was assessed using a random-effect model and its associated 95% confidence intervals (CI). P values less than 0.05 were statistically significant.

      

    


    
      

      3. RESULTS


      
        

        3.1. Study Characteristics


        In this systematic review and meta-analysis, we found 13250 studies, as shown in Fig. (1). When taking away duplicate studies, the authors reviewed the titles of approximately 7020 studies. Formerly, the authors excluded 6935 studies after reading abstracts since they did not meet the inclusion criteria and the aim of the study, and the authors excluded 50 studies after reading their full texts as the essential data cannot be extracted, the total of reviewed studies 35 articles (Fig. 1). The final meta-analysis of the prevalence of CI included 20 studies from 12 countries, as shown in Table 1. Publication years were 2014–2023, and the overall sample size of the studies was 27333 subjects with a mean age of 16.13 ±3.85 years.


        [image: ]
Fig. (1)

        Identification of articles used in this study.

        
          Table 1 Characteristics of studies reporting the prevalence of convergence insufficiency.


          
            
              
                	First Author and Year of Study

                	Country

                	Age Mean

                (Years)

                	Age S.d.

                	Sample

                Size

                	Study Design

                	Prevalence of CI (%)
              

            

            
              
                	Hashemi 2017 [17]

                	Iran

                	30.50

                	14.00

                	3132

                	Cross-sectional

                	5.51
              


              
                	Hassan 2017 [30]

                	Sudan

                	15.50

                	2.50

                	4211

                	Cross-sectional

                	7.8
              


              
                	Nunes 2019 [9]

                	Portugal

                	10.90

                	0.90

                	372

                	Cross-sectional

                	2
              


              
                	Carla 2022 [31]

                	Spain

                	9.60

                	1.30

                	628

                	Cross-sectional

                	5.3
              


              
                	Ma 2019 [32]

                	China

                	15.90

                	0.80

                	928

                	Cross-sectional

                	2.7
              


              
                	Davis 2016 [8]

                	USA

                	11.70

                	1.80

                	484

                	Cross-sectional

                	6.2
              


              
                	Jang 2015 [33]

                	South Korea

                	10.50

                	-

                	589

                	Cross-sectional

                	10.3
              


              
                	Hussaindeen 2017 [34]

                	India

                	12.70

                	2.70

                	920

                	Cross-sectional

                	17
              


              
                	Li 2020 [35]

                	China

                	9.33

                	0.02

                	4123

                	Cross-sectional

                	12.4
              


              
                	García-Muñoz 2016 [36]

                	Spain

                	22.90

                	3.69

                	175

                	Cross-sectional

                	3.43
              


              
                	Singh 2017 [37]

                	India

                	10.00

                	-

                	4838

                	Cross-sectional

                	2.79
              


              
                	Jorge 2022 [38]

                	Portugal

                	24.4

                	4.80

                	107

                	Cross-sectional

                	10.3
              


              
                	Franco 2022 [39]

                	Portugal

                	24.9

                	5.30

                	156

                	Cross-sectional

                	7.1
              


              
                	Manish 2021 [40]

                	Nepal

                	24.00

                	-

                	210

                	Cross-sectional

                	11.42
              


              
                	Darko-Takyi 2016 [41]

                	Ghana

                	22.62

                	1.53

                	105

                	Cross-sectional

                	1.90
              


              
                	Ovenseri-Ogbomo 2016 [42]

                	Nigeria

                	18.5

                	2.20

                	212

                	Cross-sectional

                	4.0
              


              
                	Wajuihian 2016 [43]

                	South Africa

                	16.27

                	1.79

                	1201

                	Cross-sectional

                	4.30
              


              
                	Kim 2023 [44]

                	South Korea

                	8.20

                	7.6

                	5385

                	Cross-sectional

                	9.40
              


              
                	Sharif 2014 [45]

                	Iran

                	21.70

                	2.80

                	160

                	Cross-sectional

                	10.00
              


              
                	Vaishali 2019 [46]

                	India

                	26.54

                	17.45

                	142

                	Cross-sectional

                	27.46
              


              
                	All

                	-

                	16.13

                	3.85

                	27333

                	-

                	7.98
              

            
          


        


        
          Table 2 Meta-analysis of pooled prevalence of convergence insufficiency worldwide.


          
            
              
                	Authors (Years)

                	Country

                	Prevalence (95% CI)

                	Weight (%)
              

            

            
              
                	Hashemi 2017 [17]

                	Iran

                	5.51(5.00-6.00)

                	11.15
              


              
                	Hassan 2017 [30]

                	Sudan

                	7.8(7.00-9.00)

                	10.86
              


              
                	Nunes 2019 [9]

                	Portugal

                	2(1.00-4.00)

                	3.28
              


              
                	Carla 2022 [31]

                	Spain

                	5.3(4.00-7.00)

                	2.34
              


              
                	Ma 2019 [32]

                	China

                	2.7(2.00-4.00)

                	6.58
              


              
                	Davis 2016 [8]

                	USA

                	6.2(4.00-8.00)

                	1.55
              


              
                	Jang 2015 [33]

                	South Korea

                	10.3(8.00-13.00)

                	1.18
              


              
                	Hussaindeen 2017 [34]

                	India

                	17(15.00-19.00)

                	1.21
              


              
                	Li 2020 [35]

                	China

                	12.4(11.00-13.00)

                	7.1
              


              
                	García-Muñoz 2016 [36]

                	Spain

                	3.43(1.00-6.00)

                	0.98
              


              
                	Singh 2017 [37]

                	India

                	2.79(2.00-3.00)

                	33.14
              


              
                	Jorge 2022 [38]

                	Portugal

                	10.3(5.00-61.00)

                	0.22
              


              
                	Franco 2022 [39]

                	Portugal

                	7.1(5.00-6.00)

                	0.44
              


              
                	Manish 2021 [40]

                	Nepal

                	11.42(7.00-15.00)

                	0.39
              


              
                	Darko-Takyi 2016 [41]

                	Ghana

                	1.90(1.00-2.00)

                	1.04
              


              
                	Ovenseri-Ogbomo 2016 [42]

                	Nigeria

                	4.0(2.00-7.00)

                	0.97
              


              
                	Wajuihian 2016 [43]

                	South Africa

                	4.30(3.00-5.00)

                	5.39
              


              
                	Kim 2023 [44]

                	South Korea

                	9.40(9.00-10.00)

                	11.75
              


              
                	Sharif 2014 [45]

                	Iran

                	10.00(5.00-15.00)

                	0.33
              


              
                	Vaishali 2019 [46]

                	India

                	27.46(21.00-36.00)

                	0.13
              


              
                	All

                	7.98(5.00-10.00)

                	100.00
              


              
                	Heterogeneity between groups

                	P < 0.001

                	-
              


              
                	I2 (inconsistency)

                	98.41

                	-
              

            
          


        

      


      
        

        3.2. Prevalence of Convergence Insufficiency Worldwide


        A meta-analysis of CI prevalence among subjects with a mean age of 16.13 ±3.85 years is shown in Table 1. The overall pooled prevalence of CI was (7.98%, 95%CI: 5.00-10.00; p<0.001), and almost 40% of reviewed studies (n =8) reported a significantly higher prevalence of CI and 35% (n = 7) reporting the lower prevalence of CI compared with the pooled estimated prevalence. The study conducted by Vaishali et al., 2019 [46] presented the highest CI prevalence of 27.46%(95%CI:21.00-36.00) in Indian people mean aged 26.54± 17.45 years, while Nunes et al, 2019 [9] reported the lowest prevalence among Portuguese children 2% (95%CI:1.00-4.00) their mean aged 10.90±0.9 years. The pooled prevalence estimates of CI in the current study was similar to the study conducted by Hassan et al., 2017 [2], 7.8% (95%CI 7.00-9.00) among secondary school students in Khartoum, Sudan, mean aged 15.50±2.50. There was ex- tremely significant heterogeneity between the studies included in this meta-analysis (P < 0.0001) as shown in Table 2.

      


      
        

        3.3. Treatment of Convergence Insufficiency


        The authors included 15 trial studies conducted for the treatment of CI, 9 of them conducted in children (less than 18) and 4 in adults (18 to 40 years), with 1641 participants from 15 countries, 1185 of them being children. The publication years between 2005–2022 as shown in Table 3. These clinical trials evaluated and compared these procedures; home-based pencil push-ups (HBPP), office-based orthoptic therapy (OBOT), Smartphone-based exercises in conjunction with modified glasses prescription, vision therapy, home-based computer orthoptic program, placebo vision therapy, office-based placebo therapy with home reinforcement (OBPT) and prismatic correction. The diagnostic measurements and outcomes were comparable among these clinical trials.


        
          Table 3 Convergence insufficiency treatment modalities.


          
            
              
                	Authors (Years)

                	Country

                	Sample

                	Age

                	Treatment Outcome
              

            

            
              
                	Singh 2021 [22]

                	India

                	176

                	22.7 ± 6.84 (A)

                21.1 ± 7.2 (B)

                	Comparable results between home-based pencil push-up therapy PPT and office-based orthoptic therapy
              


              
                	Mohan 2019 [24]

                	India

                	150

                	15 and 30

                	Smartphone-based exercises in conjunction with modified glasses prescription are more effective
              


              
                	Jang 2017 [21]

                	South Korea

                	235

                	10.13 ± 2.45

                	vision therapy is highly effective in the relief of the symptoms
              


              
                	Gallaway 2002 [47]

                	USA

                	25

                	-

                	PPT improved both objective findings and symptoms
              


              
                	Huston 2015 [48]

                	USA

                	186

                	5 to <18

                	Home-based computer vision therapy reduced objective findings and symptoms.
              


              
                	Scheiman 2005 [49]

                	USA

                	47

                	9 to 18

                	Vision therapy/orthoptic was more effective than pencil push-ups or placebo vision therapy/orthoptics in reducing symptoms and improving objective results
              


              
                	CITT 2008 [50]

                	USA

                	221

                	9 to 17

                	Office-based vergence/accommodative therapy with home reinforcement results in a significantly greater improvement in symptoms and other objective findings
              


              
                	Scheiman. 2009 [51]

                	USA

                	72

                	9 to <18

                	The effectiveness of office-based vergence/accommodative therapy was more than home-based or placebo treatment.
              


              
                	Scheiman 2005 [52]

                	USA

                	46

                	19 to 30

                	Office-based vision therapy/orthoptics was more effective
              


              
                	Dusek 2011 [53]

                	UK

                	134

                	7-14

                	Highly effectivity for both prismatic correction and home vision therapy.
              


              
                	Aletaha 2018 [19]

                	Iran

                	84

                	26.8 ± 8.3

                	Effectiveness of office-based orthoptic
              


              
                	Scheiman 2010 [54]

                	-

                	221

                	9 to 17

                	Office-based vergence/accommodative therapy with home reinforcement is more effective than others.
              


              
                	Serna 2011 [55]

                	USA

                	42

                	-

                	Home-based computer orthoptic therapy reduced the symptoms and improved the objective results
              


              
                	CITT 2019 [56]

                	USA

                	310

                	9- to 14-

                	Comparable finding for office-based placebo and office-based vergence/accommodative therapy.
              


              
                	Scheiman 2018 [26]

                	USA

                	44

                	9-17

                	Office-based vergence/accommodative therapy improved reading skill
              

            
          


        


        Majorities of the studies 12 (80%) reported that office-based vision therapy is the most effective treatment of CI; from those studies 5(42.0%) highlighted that office-based vergence/ accommodative therapy with home reinforcement is the best modality for the treatment of CI. Whereas, home-based pencil push-up therapy, vision therapy with modified refractive correction, and vision therapy with prismatic correction were reported as effective treatment options for CI. In children, the finding of three studies showed that vision therapy is highly effective to recover from symptomatic CI, followed by accommodative therapy with home reinforcement (OBVAT) and office-based vergence/accommodative. Whereas, in adults, the clinical trials showed the office-based orthoptic treatment was more effective than the other treatments option, as shown in Table 3.

      

    


    
      

      4. DISCUSSION


      The findings of the current review provided recent estimates of the convergence insufficiency prevalence and the effective treatment modalities worldwide using data from thirty-five studies from fifteen countries conducted from 2005 to 2022. Our study revealed that the overall pooled prevalence of convergence insufficiency was 7.98%. There was highly significant heterogeneity between the studies P < 0.0001.


      As reported in previously published studies, there is a dearth of information on prevalence rates of CI globally, and recommended that more studies are necessary to provide a theory-based CI definition, prevalence, diagnosis, and treatment. More studies of CI will help to establish effective diagnosis and treatment guidelines. In the present, the highest prevalence of CI was reported among Indian adults aged 18-35 years [46] and Indian school-aged children [34], while the significantly lowest CI prevalence was found among Portuguese children [9] and Chinese high school students [32]. Conversely, the study conducted among secondary school students in Sudan [30] shows comparable CI prevalence to the overall estimation. In our review, countries, such as India, showed differences in the prevalence of CI among the different ages at 27.46% [46], 17% [34], and 2.79% [37]. Moreover, studies conducted among Portuguese people reported the lowest prevalence of CI 2% [9], and the highest at 10.3% [38]. Our reviewed studies showed that the prevalence of CI was within the range prevalence 2 to 27.46% in the studies population and a previously published study [57, 58] reported a prevalence range of 1.7 to 33% was found. The variation in CI prevalence within the state and region may be because of different environmental and heredity factors or the norms for defining the condition or measurement methods.


      There has been a great deal of uncertainty and debate regarding the management of CI. However, recently, various studies have been conducted to find out the efficiency of some previously known treatment procedures. Regarding the best modality of treatment for CI majority of the reviewed studies showed that office-based vision therapy is the most effective way, particularly vergence/ accommodative therapy with home reinforcement. Whereas, home-based pencil push-up therapy, vision therapy with modified refractive correction, and vision therapy with prismatic correction were reported as effective treatment options for CI. The reviewed studies showed that vision therapy is highly effective in recovering from symptomatic CI in both adults and children. The reviewed studies in children and adults showed that vision therapy is more effective to eliminate the symptoms of convergence insufficiency. This could be due to most patients with CI having weak positive fusional vergence, and most of the vision therapy techniques depend on improving positive fusional vergence amplitude and vergence accommodation relationship. Our findings agreed with Scheiman et al., who reported that office-based vision therapy was a more effective treatment of CI in children [59]. Scheiman et al., suggested that for young adults, outpatient vision therapy is the most effective treatment for CI, in improving positive fusional vergence at near fixation [59]. Moreover, previously published studies [60-62] reported that office-based vergence-accommodative treatment with home enforcement was more effective than other procedures.

    


    
      

      5. LIMITATIONS


      Our study had some limitations related to it being a review study. These included variations in the study approaches, such as some studies included large sample sizes and different age groups, which may give over or underestimation of CI prevalence. Numerous articles were not included in this study as they used different techniques, reducing the number of studies. In future studies, it is better to use meta-analysis to assess the effect of different treatment modalities for convergence insufficiency. Nevertheless, of these limitations, the current systematic review and meta-analysis estimated the pooled prevalence of CI and the effective treatment modalities.

    


    
      

      CONCLUSION


      In conclusion, the present review highlights that the prevalence of convergence insufficiency was high, and there was highly significant heterogeneity between the reviewed studies. Regarding CI treatment, office-based vergence/ accommodative therapy with home reinforcement is the best modality of treatment, followed by home-based pencil push-up therapy, vision therapy with modified refractive correction, and vision therapy with prismatic correction. There is consensus among reviewed studies that vision therapy is highly effective to recover from symptomatic CI in both adults and children.

    

  


  
    
      LIST OF ABBREVIATIONS


      
        
          	

          	
        


        
          	CI

          	= Convergence Insufficiency
        


        
          	CISS

          	= CI Symptom Survey
        


        
          	HBPP

          	= home-based Pencil Push-ups
        


        
          	OBOT

          	= office-based Orthoptic Therapy
        


        
          	OBVAT

          	= office-based Vergence/accommodative
        

      

    


    
      CONSENT FOR PUBLICATION


      Not applicable.

    


    
      STANDARDS OF REPORTING


      The present study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines.

    


    
      AVAILABILITY OF DATA AND MATERIALS


      The data and supportive information are available within the article.

    


    
      FUNDING


      None.

    


    
      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    Declared none.


    
      SUPPLEMENTARY MATERIAL


      PRISMA checklist is available as supplementary material on the publisher’s website along with the published article.


      

    


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	Trieu L.H., Lavrich J.B.. Current concepts in convergence insufficiency., Curr. Opin. Ophthalmol.. 2018; 29(5): 401-406.

        [CrossRef] [PubMed]
      


      
        	[2]

        	Mon-López D., Bernardez-Vilaboa R., Fernandez-Balbuena A.A., Sillero-Quintana M.. The influence of COVID-19 Isolation on physical activity habits and its relationship with convergence insufficiency., Int. J. Environ. Res. Public Health. 2020; 17(20): 7406.

        [CrossRef] [PubMed]
      


      
        	[3]

        	Pearce K.L., Sufrinko A., Lau B.C., Henry L., Collins M.W., Kontos A.P.. Near point of convergence after a sport-related concussion., Am. J. Sports Med.. 2015; 43(12): 3055-3061.

        [CrossRef] [PubMed]
      


      
        	[4]

        	Menigite N.C., Taglietti M.. Visual symptoms and convergence insufficiency in university teachers., Rev. Bras. Oftalmol.. 2017; 76(5): 242-246.

        [CrossRef]
      


      
        	[5]

        	Cooper J., Jamal N.. Convergence insufficiency-a major review., Optometry. 2012; 83(4): 137-158.

        [PubMed]
      


      
        	[6]

        	Bade A., Boas M., Gallaway M., Mitchell G.L., Scheiman M., Kulp M.T., Cotter S.A., Rouse M.. Relationship between clinical signs and symptoms of convergence insufficiency., Optom. Vis. Sci.. 2013; 90(9): 988-995.

        [CrossRef] [PubMed]
      


      
        	[7]

        	Menjivar A.M., Kulp M.T., Mitchell G.L., Toole A.J., Reuter K.. Screening for convergence insufficiency in school-age children., Clin. Exp. Optom.. 2018; 101(4): 578-584.

        [CrossRef] [PubMed]
      


      
        	[8]

        	Davis A.L., Harvey E.M., Twelker J.D., Miller J.M., Leonard-Green T., Campus I.. Convergence insufficiency, accommodative insufficiency, visual symptoms, and astigmatism in Tohono O’odham students., J. Ophthalmol.. 2016; 2016: 1-7.

        [CrossRef] [PubMed]
      


      
        	[9]

        	Nunes A.F., Monteiro P.M.L., Ferreira F.B.P., Nunes A.S.. Convergence insufficiency and accommodative insufficiency in children., BMC Ophthalmol.. 2019; 19(1): 58.

        [CrossRef] [PubMed]
      


      
        	[10]

        	Hussaindeen J.R., Murali A.. Accommodative insufficiency: Prevalence, impact, and treatment options., Clin. Optom.. 2020; 12: 135-149.

        [CrossRef] [PubMed]
      


      
        	[11]

        	Corwin D.J., Arbogast K.B., Swann C., Haber R., Grady M.F., Master C.L.. Reliability of the visio-vestibular examination for concussion among providers in a pediatric emergency department., Am. J. Emerg. Med.. 2020; 38(9): 1847-1853.

        [CrossRef] [PubMed]
      


      
        	[12]

        	Phillips P.H.. Pediatric ophthalmology and childhood reading difficulties., J. AAPOS. 2017; 21(6): 444-446.e1.

        [CrossRef] [PubMed]
      


      
        	[13]

        	Sangoi A., Scheiman M., Yaramothu C., Santos E.M., Gohel S., Alvarez T.L.. Convergence insufficiency neuro-mechanism adult population study: Phoria adaptation results., Invest. Ophthalmol. Vis. Sci.. 2021; 62(10): 19.

        [CrossRef] [PubMed]
      


      
        	[14]

        	Pillay R., Munsamy A.J.. A review exploring convergence insufficiency in younger populations and e-devices in the digital era., Afr. Vision Eye Health. 2021; 80[CrossRef] (1).
      


      
        	[15]

        	Morales M.S., Ostrow G.I., Al-Hashimi M.R., Del Monte M.A., Prakalapakorn S.G., Umfress A., Nguyen A.. Convergence Insufficiency., 2022Available From: https://eyewiki.aao.org/Convergence_Insufficiency
      


      
        	[16]

        	Hashemi H., Nabovati P., Yekta A.A., Agha Mirsalim M., Rafati S., Ostadimoghaddam H., Khabazkhoob M.. Binocular vision disorders in a geriatric population., Clin. Exp. Optom.. 2022; 105(5): 539-545.

        [CrossRef] [PubMed]
      


      
        	[17]

        	Hashemi H., Nabovati P., Khabazkhoob M., Ostadimoghaddam H., Doostdar A., Shiralivand E., Yekta A.. The prevalence of convergence insufficiency in Iran: A population-based study., Clin. Exp. Optom.. 2017; 100(6): 704-709.

        [CrossRef] [PubMed]
      


      
        	[18]

        	Lavrich, Judith B.. Convergence insufficiency, and its current treatment., Curr Opin Ophthalmol.. 2010; 21(5): 356-60.

        [CrossRef]
      


      
        	[19]

        	Aletaha M., Daneshvar F., Mosallaei M., Bagheri A., Khalili M.. Comparison of three vision therapy approaches for convergence insufficiency., J. Ophthalmic Vis. Res.. 2018; 13(3): 307-314.

        [CrossRef] [PubMed]
      


      
        	[20]

        	Horan L.A., Ticho B.H., Khammar A.J., Allen M.S., Shah B.A.. Is the convergence insufficiency symptom survey specific for convergence insufficiency? A prospective, randomized study., Am. Orthopt. J.. 2015; 65(1): 99-103.

        [CrossRef] [PubMed]
      


      
        	[21]

        	Jang J.U., Jang J.Y., Tai-Hyung K., Moon H.W.. Effectiveness of vision therapy in school children with symptomatic convergence insufficiency., J. Ophthalmic Vis. Res.. 2017; 12(2): 187-192.

        [CrossRef] [PubMed]
      


      
        	[22]

        	Singh A., Saxena V., Yadav S., Agrawal A., Ramawat A., Samanta R., Panyala R., Kumar B.. Comparison of home-based pencil push-up therapy and office-based orthoptic therapy in symptomatic patients of convergence insufficiency: A randomized controlled trial., Int. Ophthalmol.. 2021; 41(4): 1327-1336.

        [CrossRef] [PubMed]
      


      
        	[23]

        	Singh A., Yadav S., Agrawal A., Mittal S., Panyala R., Kumar B.. Pencil push-up therapy vs. office-based orthoptic therapy in emmetropes with asthenopic symptoms due to convergence insufficiency: A randomized controlled trial., Himalayan J Ophthalmol. 2022; 16(1): 4-8.

        [CrossRef]
      


      
        	[24]

        	Mohan A., Kaur N., Sen P., Jain E., Gajraj M.. Efficacy of smartphone-based exercises in conjunction with modified glasses prescription in the treatment of convergence insufficiency and fusion weakness., J. Binocul. Vis. Ocul. Motil.. 2019; 69(1): 30-33.

        [CrossRef] [PubMed]
      


      
        	[25]

        	Scheiman M., Talasan H., Alvarez T.L.. Objective assessment of disparity vergence after treatment of symptomatic convergence insufficiency in children., Optom. Vis. Sci.. 2019; 96(1): 3-16.

        [CrossRef] [PubMed]
      


      
        	[26]

        	Scheiman M., Chase C., Borsting E., Mitchell G.L., Kulp M.T., Cotter S.A.. Effect of treatment of symptomatic convergence insufficiency on reading in children: A pilot study., Clin. Exp. Optom.. 2018; 101(4): 585-593.

        [CrossRef] [PubMed]
      


      
        	[27]

        	Li S., Tang A., Yang B., Wang J., Liu L.. Virtual reality-based vision therapy versus OBVAT in the treatment of convergence insufficiency, accommodative dysfunction: A pilot randomized controlled trial., BMC Ophthalmol.. 2022; 22(1): 182.

        [CrossRef] [PubMed]
      


      
        	[28]

        	Borsting E., Mitchell G.L., Arnold L.E., Scheiman M., Chase C., Kulp M., Cotter S.. CITT-RS Group. Behavioural and emotional problems associated with convergence insufficiency in children: An open trial., J. Atten. Disord.. 2016; 20(10): 836-844.

        [CrossRef] [PubMed]
      


      
        	[29]

        	Page M.J., McKenzie J.E., Bossuyt P.M., Boutron I., Hoffmann T.C., Mulrow C.D., Shamseer L., Tetzlaff J.M., Akl E.A., Brennan S.E., Chou R., Glanville J., Grimshaw J.M., Hróbjartsson A., Lalu M.M., Li T., Loder E.W., Mayo-Wilson E., McDonald S., McGuinness L.A., Stewart L.A., Thomas J., Tricco A.C., Welch V.A., Whiting P., Moher D.. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews., BMJ. 2021; 372(71): n71.

        [CrossRef] [PubMed]
      


      
        	[30]

        	Hassan L.I., Ibrahim S.M., Abdu M., MohamedSharif A.. Prevalence of convergence insufficiency among secondary school students in Khartoum, Sudan., Oman J. Ophthalmol.. 2018; 11(2): 129-133.

        [CrossRef] [PubMed]
      


      
        	[31]

        	Carla S.C., Sara B.F., Jm C.R., Catalina P.Á.. Prevalence of convergence insufficiency among Spanish school children aged 6 to 14 years., J. Optom.. 2022; 15(4): 278-283.

        [CrossRef] [PubMed]
      


      
        	[32]

        	Ma M.M., Long W., She Z., Li W., Chen X., Xie L., Scheiman M., Liu Y., Chen X.. Convergence insufficiency in Chinese high school students., Clin. Exp. Optom.. 2019; 102(2): 166-171.

        [CrossRef] [PubMed]
      


      
        	[33]

        	Jang J.U., Park I.J.. Prevalence of general binocular dysfunctions among rural schoolchildren in South Korea., Taiwan J. Ophthalmol.. 2015; 5(4): 177-181.

        [CrossRef] [PubMed]
      


      
        	[34]

        	Hussaindeen J.R., Rakshit A., Singh N.K., George R., Swaminathan M., Kapur S., Scheiman M., Ramani K.K.. Prevalence of non-strabismic anomalies of binocular vision in Tamil Nadu: Report 2 of BAND study., Clin. Exp. Optom.. 2017; 100(6): 642-648.

        [CrossRef] [PubMed]
      


      
        	[35]

        	Li L.. Current situation and analysis of convergence insufficiency of primary school students in Nanchong.. International Eye Science; China: 2020: 366-369.

      


      
        	[36]

        	García-muñoz Á., Carbonell-bonete S., Cantó-cerdán M., Cacho-martínez P.. Accommodative and binocular dysfunctions: Prevalence in a randomised sample of university students., Clin. Exp. Optom.. 2016; 99(4): 313-321.

        [CrossRef] [PubMed]
      


      
        	[37]

        	Singh V., Malik K.P.S., Malik V.K., Jain K.. Prevalence of ocular morbidity in school going children in West Uttar Pradesh., Indian J. Ophthalmol.. 2017; 65(6): 500-508.

        [CrossRef] [PubMed]
      


      
        	[38]

        	Jorge J., Diaz-Rey A.. Binocular Function Parameters in Elite Football Players., J. Binocul. Vis. Ocul. Motil.. 2022; 72(2): 97-104.

        [PubMed]
      


      
        	[39]

        	Franco S., Moreira A., Fernandes A., Baptista A.. Accommodative and binocular vision dysfunctions in a Portuguese clinical population., J. Optom.. 2022; 15(4): 271-277.

        [CrossRef] [PubMed]
      


      
        	[40]

        	Dahal M., Kaiti R., Shah P., Ghimire R.. Prevalence of non-strabismic binocular vision dysfunction among engineering students in Nepal. 3(2)., Med Surg Ophthal Res.. 3(2)2021; 000559[CrossRef]
      


      
        	[41]

        	Darko-Takyi C, Owusu-Ansah A, Appiah-Eduenu C, Abu EK, Boadi-Kusi SB, Osei-Akoto Y. Refractive and binocular vision status of optometry students, Ghana., J Med Biomed Sci.. 2016; 5(2): 24-9.

      


      
        	[42]

        	Ovenseri-Ogbomo G.O., Eguegu O.P.. Vergence findings and horizontal vergence dysfunction among first year university students in Benin City, Nigeria., J. Optom.. 2016; 9(4): 258-263.

        [CrossRef] [PubMed]
      


      
        	[43]

        	Wajuihian S.O., Hansraj R.. Vergence anomalies in a sample of high school students in South Africa., J. Optom.. 2016; 9(4): 246-257.

        [CrossRef] [PubMed]
      


      
        	[44]

        	Kim D.H., Jung J.H., Choi M.Y., Hwang J.M., Kim S.J., Lee Y., Han S.H., Choi D.G., Baek S-H., Choi H., Choi D.G., Kim D.H., Lee D.C., Lee S-Y., Lim H.W., Lim H.T., Lim K.H., Ryu W.Y., Yang H.K., Choi H., Lim H.T., Jung J.H., Baek S-H., Choi M.Y., Hwang J-M., Kim S.J., Lee Y., Han S-H., Park S.H., Lee H-J., Kim S-Y., Lee S-Y., Gye H.J., Kim S.Y., Shin S.Y., Park J., Ryu W.Y., Park H.S., Kim D.H., Paik H.J., Choi D.G., Lee J.Y., Yang H.K., Oh S.Y., Lee S.J., Chung S.A., Choi J., Oh S.Y., Kim M., Suh Y-W., Kang N.Y., Yum H.R., Kim S.A., Kim H., Han J., Cho Y.A., Kim H., Lew H., Lee D.C., Rah S.H., Yoo Y-J., Lim K.H., Ahn H., Kim U.S., Lee J.H., Choung H., Kim S-J., Jeon H., Shin H.J., Han S.Y., Heo H., Park S., Park S., Kyung S.E., Kim C., Park K-A., Jung E.H., Hong E.H., Lim H.W., Choi D., Choi Y.J., Moon N.J., Lyu I.J., Cho S.Y.. A cross-sectional study of ophthalmologic examination findings in 5385 Koreans presenting with intermittent exotropia., Sci. Rep.. 2023; 13(1): 1329.

        [CrossRef] [PubMed]
      


      
        	[45]

        	Sharif Z., Mirzajani A., Jafarzadehpur E.. Prevalence of convergence insufficiency in a population of university students., J Paramed Sci Rehabilitat. 2014; 3(1): 47-52.

        [CrossRef]
      


      
        	[46]

        	Jha K.N., Vaishali R.S., Srikanth K.. Prevalence of convergence insufficiency between 18 and 35 years and its relation to body mass index., TNOA Journal of Ophthalmic Science and Research. 2019; 57(1): 27-30.

        [CrossRef]
      


      
        	[47]

        	Gallaway M., Scheiman M., Malhotra K.A.V.I.T.A.. The effectiveness of pencil pushups treatment for convergence insufficiency: A pilot study., Optom. Vis. Sci.. 2002; 79(4): 265-267.

        [CrossRef] [PubMed]
      


      
        	[48]

        	Huston P.A., Hoover D.L.. Treatment of symptomatic convergence insufficiency with home-based computerized vergence system therapy in children., J. AAPOS. 2015; 19(5): 417-421.

        [CrossRef] [PubMed]
      


      
        	[49]

        	Scheiman M., Mitchell G.L., Cotter S., Cooper J., Kulp M., Rouse M., Borsting E., London R., Wensveen J.. A randomized clinical trial of treatments for convergence insufficiency in children., Arch. Ophthalmol.. 2005; 123(1): 14-24.

        [CrossRef] [PubMed]
      


      
        	[50]

        	Convergence Insufficiency Treatment Trial Study Group. Randomized clinical trial of treatments for symptomatic convergence insufficiency in children., Arch. Ophthalmol.. 2008; 126(10): 1336-1349.

        [CrossRef] [PubMed]
      


      
        	[51]

        	Scheiman M., Rouse M., Kulp M.T., Cotter S., Hertle R., Mitchell G.L.. Treatment of convergence insufficiency in childhood: A current perspective., Optom. Vis. Sci.. 2009; 86(5): 420-428.

        [CrossRef] [PubMed]
      


      
        	[52]

        	Scheiman M., Mitchell G.L., Cotter S., Kulp M.T., Cooper J., Rouse M., Borsting E., London R., Wensveen J.. A randomized clinical trial of vision therapy/orthoptics versus pencil pushups for the treatment of convergence insufficiency in young adults., Optom. Vis. Sci.. 2005; 82(7): E583-E595.

        [CrossRef] [PubMed]
      


      
        	[53]

        	Dusek W.A., Pierscionek B.K., McClelland J.F.. An evaluation of clinical treatment of convergence insufficiency for children with reading difficulties., BMC Ophthalmol.. 2011; 11(1): 21.

        [CrossRef] [PubMed]
      


      
        	[54]

        	Scheiman M., Kulp M.T., Cotter S., Mitchell G.L., Gallaway M., Boas M., Coulter R., Hopkins K., Tamkins S.. Vision therapy/orthoptics for symptomatic convergence insufficiency in children: Treatment kinetics., Optom. Vis. Sci.. 2010; 87(8): 593-603.

        [CrossRef] [PubMed]
      


      
        	[55]

        	Serna A., Rogers D.L., McGregor M.L., Golden R.P., Bremer D.L., Rogers G.L.. Treatment of symptomatic convergence insufficiency with a home-based computer orthoptic exercise program., J. AAPOS. 2011; 15(2): 140-143.

        [CrossRef] [PubMed]
      


      
        	[56]

        	CITT-ART Investigator Group. Effect of vergence/accommodative therapy on reading in children with convergence insufficiency: A randomized clinical trial., Optom. Vis. Sci.. 2019; 96(11): 836-849.

        [CrossRef] [PubMed]
      


      
        	[57]

        	Gantz L., Stiebel-Kalish H.. Convergence insufficiency: Review of clinical diagnostic signs., J Optom.. 2022; 15(4): 256-270.

      


      
        	[58]

        	Manuel A.P.. Prevalence of asthenopia in children: A systematic review with meta-analysis , J Pediatr. 2015; 91(4): 320-5.

        [CrossRef]
      


      
        	[59]

        	Scheiman M., Gwiazda J., Li T.. Non-surgical interventions for convergence insufficiency., Cochrane Libr.. 2011; (3): CD006768.

        [CrossRef] [PubMed]
      


      
        	[60]

        	Grisham D.J.. Visual therapy results for convergence insufficiency: A literature review., Optom. Vis. Sci.. 1988; 65(6): 448-454.

        [CrossRef] [PubMed]
      


      
        	[61]

        	Adler P.. Efficacy of treatment for convergence insufficiency using vision therapy., Ophthalmic Physiol. Opt.. 2002; 22(6): 565-571.

        [CrossRef] [PubMed]
      


      
        	[62]

        	Scheiman M., Kulp M.T., Cotter S.A., Lawrenson J.G., Wang L., Li T.. Interventions for convergence insufficiency: A network meta-analysis., Cochrane Libr.. 2020; 2020(12): CD006768.

        [CrossRef] [PubMed]
      

    

  


  

OEBPS/Images/e187436412306231_F1.jpg
Identification

Articles identified

After duplicate articles

Screening

through database removed
(13250) | (6230)
Studies screened studies excluded
(7020) > (6935)
P . Reports excluded:
eligibilty (85) T % e 11Conference
papers
i 10 Meeting abstracts
11 surgical

Studies included in the
review
(35)
20 articles for prevalence
15 articles for treatment

management articles
* 9 Areview article
9 Clinical signs and

‘symptoms.






OEBPS/Images/cover.jpg
ISS

The Open
Ophthalmology
ournal

BENTHAM OPEN






OEBPS/Images/orcid.png





