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ABSTRACT 
Purpose:  To investigate the horizontal fusional vergence among school going myopic children by measuring the 
positive fusional vergence and negative fusional vergence break point at nearby. 

Study Design: Cross-sectional study 

Place and Duration of Study:  Fatima memorial hospital Lahore, from December 2023 to March 2024. 

Methods:  A total of 60 school-going myopic children aged 5 to 16 years were recruited. Participants were 
selected using a non-probability consecutive sampling technique, based on predefined inclusion criteria. A 
comprehensive clinical evaluation was performed, including assessment of visual acuity, strabismus testing, and 
measurement of the near point of convergence (NPC) using the RAF rule. Fusional vergence ranges were 
measured at near using a prism bar and a near picture target. Positive fusional vergence (PFV) and negative 
fusional vergence (NFV) were both assessed with the prism bar. The Chi-square test was applied to determine 
associations between categorical variables. 

Results:  Among the participants, 83.3% had normal convergence amplitude, 3.3% demonstrated convergence 
excess, and 13.3% had convergence insufficiency. There was no statistically significant association between 
myopia and positive fusional vergence (p = 0.831). Divergence amplitude assessment revealed that 93.4% had 
normal divergence amplitude, while 6.67% exhibited divergence insufficiency; no cases of divergence excess 
were observed. Similarly, no statistically significant association was found between myopia and negative fusional 
reserve (p = 0.52). 

Conclusion:  Myopia appears to have minimal impact on horizontal fusional vergence in school-going children. 
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INTRODUCTION 

Vergence dysfunction is a binocular disorder in which 

the amplitude of both positive fusional vergence(also 

known as convergence) and negative fusional 

vergence(also known as divergence) is reduced but 

individuals mostly have normal limits of both distant 

and near phoria and normal AC/A ratio.1 Measuring 

horizontal fusional reserves is a valuable diagnostic 

tool for identifying and tracking vergence disorders, 

including convergence insufficiency, which can lead to 

eye strain (asthenopia) and impair near vision tasks, 

such as reading and computer work.2 In clinical 

settings, fusional vergence range is frequently assessed 

to determine a patient’s binocular state and capacity to 

correct asthenopia associated with the condition. 

Individuals struggle with near vision tasks due to 

inadequate vergence or accommodative ability 

resulting in eye strain. Hence, an accurate diagnosis 

and effective management of fusional vergence 

dysfunction (FVD) are crucial aspects of optometric 

care, highlighting the need for practitioners to 

prioritize this condition to ensure optimal patient 

outcomes. Several investigations are conducted to 

determine the average normal range of binocular 

function across various populations.2,3 Pediatric 

population is of great interest regarding fusional 

vergence because of increased near work in school 
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going children. Near point of convergence, and 

fusional vergence are assessed to identify the binocular 

vision anomalies in these children.3,4 

 Myopia is among the most common ocular 

disorders worldwide, with a particularly rapid rise in 

prevalence across Asian countries.5 In Pakistan, its 

prevalence has been reported as 36.5% in adults and 

42.2% in children.6 Prolonged near-work activities 

such as reading, studying, writing, using digital 

devices, and watching television at close distances are 

considered important risk factors.7 The increased 

accommodative demand during such tasks may 

contribute to the onset and progression of myopia, 

particularly during school years. Excessive near work 

can also reduce fusional vergence, leading to 

asthenopia, headaches, eyestrain, and difficulty 

sustaining focus.8,9 Asthenopia may further arise from 

uncorrected refractive errors or binocular vision 

anomalies, including horizontal phoria and fusional 

vergence dysfunctions.10,11 

 Assessment of binocular vision (BV) is a vital 

component of evaluating visual function. More than 

80% of perceptual input is processed through the 

visual system, making the role of vergence function 

critical for cognitive development and academic 

performance in children. Efficient near-work 

performance, particularly in school-going children, 

depends heavily on intact binocular vision; any 

disruption can adversely affect tasks such as reading 

and writing.12 Several studies have investigated 

parameters such as near point of convergence (NPC) 

and fusional vergence in school-aged children across 

different populations.11,12 However, there is scarce data 

from Pakistan particularly among myopic children, 

despite the global surge in myopia prevalence.13 

 The primary objective of this study is to determine 

the association between myopia and fusional vergence, 

with specific focus on the distribution of positive and 

negative fusional vergence among school-going 

Pakistani children. Secondly, the study reports the 

frequency of non-strabismic vergence anomalies in 

this group. 

 
METHODS 

This single-center cross-sectional study was conducted 

in outpatient department of Ophthalmology Fatima 

Memorial hospital of medicine and dentistry, Lahore 

from December 2023 to March 2024 over a period of 4 

months after taking approval from the institutional

review board (FMH-08/09/2023-IRB-1307). 

 A written or verbal parental consent and subject 

approval was taken from all the subjects prior to 

conducting any study procedures. A total of 60 myopic 

school going children, ages ranging from 5 to 16 years, 

were recruited through nonprobability consecutive 

sampling. Children with squint and amblyopia and 

those who presented with any other type of refractive 

error were excluded. 

 Prior to eye examination, each participant was 

informed about the purpose and procedure of the 

technique. Data included age, gender, duration of 

myopia and family history of myopia by using a self-

designed proforma. Clinical examination included 

visual acuity with and without glasses using Snellen’s 

vision chart, lensometry of already prescribed glasses, 

Hirschberg, cover-uncover test, cycloplegic refraction 

(for the age group of 5 to 10 years), non-cycloplegic 

refraction (for the age above 10 years). Subjective 

refraction was performed later to attain a standard 

level of best corrected visual acuity. 

 Binocular dysfunction was assessed by measuring 

NPC and vergence amplitude. The near point of 

convergence was measured by RAF ruler. The subjects 

were asked to fixate on a small target on RAF ruler. 

The NPC was recorded where the participant reported 

double image, or objectively when fusion was lost and 

one of the eyes deviated if the subject did not report 

any double image. The procedure was conducted 

thrice, and midpoint of 3 break points was noted for 

analysis. 

 A prism bar was used to measure fusional 

vergence ranges by presenting a near picture target. A 

picture target was presented to the subject and over 

one eye horizontal prism bar was placed. The prism 

power increased gradually until the child reported 

diplopia. 

 The subject was instructed to indicate the single 

image (recovery point) achieved upon regaining 

fixation, which occurred as the prism power decreased. 

The break point was determined objectively when 

fixation was lost, if the subject had not reported 

diplopia, and was recorded as the limit of fusional 

vergence. Near fusional vergence testing was 

performed three times, and the mean of the three 

measurements was used for analysis. The sequence of 

testing was base-in (BI) followed by base-out (BO), as 

the convergence response elicited during positive 

fusional vergence may induce tonic vergence 
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adaptation, potentially biasing subsequent results. The 

data was collected and analyzed using IBM-SPSS v-25 

software. Frequency and percentage were presented 

for qualitative variables like age and gender. Mean and 

SD were calculated for quantitative variables like, 

NPC, positive fusional vergence break point and 

negative fusional vergence break point. Chi-square test 

was employed for analysis. The level of significance 

was fixed at 0.05 for each analysis. 

 
RESULTS 

This study included 60 subjects. The frequency of 

female subjects was 58.3% while male subjects was 

41.7%. The mean age was 11.92±2.82(range 5 to 16 

years). Among all the participants, 43.3% presented 

with mild myopia (-0.25D to < -2D), 48.3% presented 

with moderate myopia (-2D to 6D) and 8.3% presented 

with high myopia(>6D). The following table shows 

the mean value of NPC and break point of fusional 

vergence in prism diopter. 

 
Table 1:  Mean values of NPC and fusional vergences (n=60). 
 

Parameter Mean ± SD 

NPC in cm 1.02±0.13 

Negative fusional break in prism diopter 12.30±1.03 

Positive fusional break in prism diopter 25.12±3.39 

 
 Positive fusional vergences were measured in all 

the enrolled participants. The results of convergence 

amplitude measurement showed that 83.3% of 

individuals had a normal convergence amplitude (20pd 

to 30pd) while 13.3% presented with convergence 

insufficiency (<20pd) and only 3.3% presented with 

convergence excess(>30pd). NPC was within the 

normal limits in this study. The distribution of positive 

fusional vergence amplitude is shown in Table 2. The 

negative fusional vergences was also measured in all 

the enrolled participants. The results showed that 

93.4% had divergence amplitude within the normal 

range (12PD to 14PD) while 6.67% had divergence 

insufficiency(<12PD). The frequency distribution of 

negative fusional vergence amplitudes found in 

myopic subjects is shown in Table 2. 

 
DISCUSSION 

Excellent visual acuity and efficient binocular function 

play a vital part in academic excellence and 

educational achievement. Research has shown that 

children with excellent vision and binocular function 

tend to perform better in learning activities, suggesting 

a strong link between visual abilities and academic 

achievement.14,15 Vergence dysfunction in myopic 

school going children has a detrimental impact on 

academic performance, hindering students' ability to 

reach their full potential. 

 It has been reported that myopia is associated is 

vergence anomalies and it influences vergence 

dysfunction.16 A study conducted by Jung Un Jang in 

South Korea on myopic children to find out the 

distribution of near vergence suggested that there was 

no statistically significant correlation between myopic 

magnitude and fusional vergence.17 The results of our 

study are consistent with the previous study and it 

depicts that myopia has quite a low impact on 

convergence amplitude and divergence amplitude in 

school going myopic children as most of the subjects 

have their convergence and divergence amplitude 

ranges within the normal limits. However, there are 

studies which show that convergence insufficiency had 

a higher proportion among all the vergence 

abnormalities in myopic population.18-20 It has been 

observed in our study that convergence insufficiency 

was more common than other types of vergence 

dysfunction. The highest frequency of convergence 

insufficiency was observed in moderate myopia 

17.2%, followed by mild myopia 11.5%. The highest 

frequency   of   divergence   insufficiency    was    also

 
Table 2:  Distribution of positive and negative fusional vergences amplitude according to severity of refractive error. 
 

Positive 

Fusional 

Vergences 

 
Mild 

Myopia 

Moderate 

Myopia 

Severe 

Myopia 
Total p value 

Normal convergence amplitude 22 23 5 50 

0.83 
Convergence Insufficiency 3 5 0 8 

Convergence Excess 1 1 0 2 

Total 26 29 5 60 

Negative 

Fusional 

Vergences 

Normal Divergence amplitude 25 26 5 56 

0.52 
Divergence Insufficiency 1 3 0 4 

Divergence excess 0 0 0 0 

 26 29 5 60 
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observed in moderate myopia 10.34%, followed by 

mild myopia 3.84%. 

 This study had several limitations. First, the 

relatively small sample size and single-center design 

may limit the generalizability of the findings to 

broader populations. The participants were recruited 

using a non-probability consecutive sampling 

technique, which may introduce selection bias. Third, 

the cross-sectional nature of the study precludes 

establishing a causal relationship between myopia and 

fusional vergence. Additionally, only school-going 

children were included, and factors such as 

accommodative function, and time spent on near work 

were not analyzed in depth, which may influence 

fusional vergence. Finally, measurements were based 

on clinical techniques that can be influenced by 

examiner skill and patient cooperation, especially in 

younger children. 

 
CONCLUSION 

There was quite low association between myopia and 

horizontal fusional vergences. Further studies are 

needed to find out effects of myopia on horizontal 

fusional reserves among Pakistani school going 

children. 

Acknowledgement:  The author would like to thank 

the ophthalmology department, and faculty of research 

and bio statistics for their assistance and cooperation 

in conducting this research. 

Funding:  This study was not funded by any 

organization. 

Patient’s Consent:  Researchers followed the guide 

lines set forth in the Declaration of Helsinki. 

Conflict of Interest:  Authors declared no conflict of 

interest. 

Ethical Approval:  The study was approved by the 

Institutional review board/Ethical review board 

(FMH-08/09/2023-IRB-1307). 

 
REFRENCES 

1. Hashemi H, Nabovati P, Khabazkhoob M, Yekta A, 

Ostadimoghaddam H, Doostdar A, et al. The 

Prevalence of Fusional Vergence Dysfunction in a 

Population in Iran. J Curr Ophthalmol. 2021;33(2):112-

117. Doi: 10.4103/JOCO.JOCO_61_20. 

2. Gao TY, Wong J, Zhou LW, Black J, Turnbull PR, 

Bex PJ, et al. Objective estimation of fusional reserves 

using infrared eye tracking: the digital fusion-range test. 

Clin Exp Optom. 2023;106(7):769-776. 

Doi: 10.1080/08164622.2022.2134763. 

3. Ma MM, Yeo ACH, Scheiman M, Chen X. Vergence 

and Accommodative Dysfunctions in Emmetropic and 

Myopic Chinese Young Adults. J Ophthalmol. 

2019;2019:5904903. Doi: 10.1155/2019/5904903. 

4. Anderson H, Stuebing KK, Fern KD, Manny RE. 
Ten-year changes in fusional vergence, phoria, and near 

point of convergence in myopic children. Optom Vis 

Sci. 2011;88(9):1060-1065. 

Doi: 10.1097/OPX.0b013e31822171c0. 

5. Dong L, Kang YK, Li Y, Wei WB, Jonas JB. 
Prevalence and time trends of myopia in children and 

adolescents in China: A Systemic Review and Meta-

Analysis. Retina. 2020;40(3):399-411. 

Doi: 10.1097/IAE.0000000000002590. 

6. Maqbool S, Rizwan AR, Manzoor I, Qais A, Furqan 

A, Rehman A. Prevalence of Refractive Errors among 

Medical Students and Identification of Associated 

Factors. Life Sci J.2021;2(4):5. 

Doi: 10.37185/LnS.1.1.184 

7. Pärssinen O, Kauppinen M. Associations of near 

work time, watching TV, outdoors time, and parents' 

myopia with myopia among school children based on 

38-year-old historical data. Acta Ophthalmol. 

2022;100(2):e430-e438. Doi: 10.1111/aos.14980. 

8. Xiang ZY, Zou HD. Recent Epidemiology Study Data 

of Myopia. J Ophthalmol. 2020;2020:4395278. 

Doi: 10.1155/2020/4395278. 

9. Wen L, Cao Y, Cheng Q, Li X, Pan L, Li L, et al. 
Objectively measured near work, outdoor exposure and 

myopia in children. Br J Ophthalmol. 

2020;104(11):1542-1547. 

Doi: 10.1136/bjophthalmol-2019-315258. 

10. Cai J, Fan WW, Zhong YH, Wen CL, Wei XD, Wei 

WC, et al. Frequency and associated factors of 

accommodation and non-strabismic binocular vision 

dysfunction among medical university students. Int J 

Ophthalmol. 2024;17(2):374-379. 

Doi: 10.18240/ijo.2024.02.22. 

11. Mandal R, Kamath R. Prevalence of non-strabismic 

binocular vision dysfunction in a hospital-based 

population. Indian J Forensic Med Toxicol. 

2020;14(3):808–812. Doi: 10.37506/ijfmt.v14i3.10466 

12. Syeda SI, Kumar R, Jayaseelan XC, 

Vijayaraghavan R. A Comparative Study to Assess 

the Accommodation and Vergence Relationship of 

Myopia in Indian Adolescent. Ethiop J Health Sci. 

2023;33(3):523-532. Doi: 10.4314/ejhs.v33i3.16. 

13. Morgan IG, Wu PC, Ostrin LA, Tideman JWL, 

Yam JC, Lan W, et al. IMI Risk Factors for Myopia. 

Invest Ophthalmol Vis Sci. 2021;62(5):3. 

Doi: 10.1167/iovs.62.5.3. 

https://doi.org/10.37185/LnS.1.1.184
https://doi.org/10.37506/ijfmt.v14i3.10466


Ramla Yaseen, et al 

405 Pak J Ophthalmol. 2025, Vol. 41 (4): 401-405 

14. Al-Rasheed SH, El-Madina AEM. Effect of Binocular 

Vision Problems on Childhood Academic Performance 

and Teachers’ Perspective. Pakistan J Ophthalmol. 

2020;36(2). 

  Doi: 10.36351/pjo.v36i2.896 

15. Al-Varez-Peregrina C, Sánchez-Tena MÁ, Andreu-

Vázquez C, Villa-Collar C. Visual Health and 

Academic Performance in School-Aged Children. Int J 

Environ Res Public Health. 2020;17(7):2346. 

Doi: 10.3390/ijerph17072346. 

16. Zhao S, Hao J, Liu J, Cao K, Fu J. Fusional 

Vergence Dysfunctions in Acute Acquired Concomitant 

Esotropia of Adulthood with Myopia. Ophthalmic Res. 

2023;66(1):320-327. Doi: 10.1159/000527884. 

17. Jang JU, Park IJ, Jang JY. The distribution of near 

point of convergence, near horizontal heterophoria, and 

near vergence among myopic children in South Korea. 

Taiwan J Ophthalmol. 2016;6(4):187-192. 

Doi: 10.1016/j.tjo.2016.07.001. 

18. Meng Q, Wang L, Zhao M, Wu X, Guo L. 
Comparing myopic error in patients with basic and 

convergence insufficiency intermittent exotropia in 

China. BMC Ophthalmol. 2023;23(1):290. 

Doi: 10.1186/s12886-023-03043-8. 

19. Ma J, Yang X, Liu Z, Fu H, Fan S, Wang K, et al. 
The Impact of Vergence Dysfunction on Myopia 

Control in Children Wearing Defocus Spectacle Lenses. 

Clin Ophthalmol. 2024;18:799-807. 

Doi: 10.2147/OPTH.S453731. 

20. Carla SC, Sara BF, Jm CR, Catalina PÁ. Prevalence 

of convergence insufficiency among Spanish school 

children aged 6 to 14 years. J Optom. 2022;15(4):278-

283. Doi: 10.1016/j.optom.2021.11.004. 

 
Authors Designation and Contribution 

Ramla Yaseen; Optometrist: Concepts, Design, 

Data Acquisition, Data Analysis, Manuscript 

Preparation, Manuscript Editing. 

Tajallah Arshad; Optometrist: Concepts, 

Literature Search, Statistical Analysis. 

Hamza Najam; Optometrist: Data Analysis, 

Statistical Analysis, Manuscript Editing, 

Manuscript Review. 

 

 

 

https://doi.org/10.36351/pjo.v36i2.896

