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Introduction
Non-Strabismic Binocular Vision Dysfunctions (NSBVD) are visual disorders that affect 

the subject’s binocular vision and visual performance, especially when performing tasks 
requiring near vision. They occur when the accommodative and/or vergence response of the 
visual system is defective. As a result, the visual system may suffer a loss of efficiency, hindering 
near vision activities [1]. The most frequently encountered disorders of the binocular vision 
system include convergence insufficiency/excess and divergence insufficiency/excess. 
Oculomotor dysfunction shows inaccurate and inefficient pursuits and saccades. Focusing 
problems frequently include accommodative insufficiency, excess/spasm, instability, infacility, 
and ill-sustained accommodation. These dysfunctions are commonly of associated symptoms, 
including blurred vision, difficulty in focusing at different distances, headache and ocular 
pain, and difficulty with focusing particularly when reading and writing [1-3]. However, the 
symptoms that the subjects perceives may differ depending on the type of causative disorder 
[4]. 

NSBVD are common in the pre-presbyopic population which results in less productivity 
in academic and other near vision-oriented tasks [2-8]. Undiagnosed binocular vision and 
oculomotor dysfunction may present with discomfort which can have a negative impact 
on academic performance [2-8]. The prevalence of accommodative and binocular vision 
disorder is 8.5 times greater than the prevalence of ocular disease in children between 6 to 
18 years [9]. It is estimated that 7-10% of the general population has some type of problem 
with accommodation and binocular functioning [10]. Several authors have shown that these 
disorders are commonly found in clinical practice, although there is some disparity in the 
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Abstract
Background: Engineering is one of the disciples of science which needs tedious near works, long run 
computer tasks and accurate focus and fixation. This study was carried out to assess the prevalence of 
Non-Strabismic Binocular Vision Dysfunctions (NSBVD)among engineering students in Nepal. 

Methodology: It was a cross-sectional study which was conducted among engineering students in 
different engineering colleges in Kathmandu valley (Kathmandu, Lalitpur and Bhaktapur districts), 
Nepal. Students in the age group of 18-30 years were included in the study. Each subject was examined to 
investigate for the presence of an NSBVD.

Results: Of the 210 participants of age group 18 to 30 years examined,150 (71.41%) students presented 
some form of NSBVD. The prevalence of accommodative dysfunction, vergence dysfunction and 
oculomotor dysfunction was 21.42%, 28.57% and 10.00% respectively. The most common NSBVD was 
accommodative insufficiency(12.85%) followed by convergence insufficiency (11.42%).

Conclusion: The present study indicates that non strabismic binocular vision dysfunctions are prevalent 
among engineering students in Nepal and accommodative insufficiency was the most prevalent.

Keywords: Accommodative dysfunction; Engineering students; Oculomotor dysfunction; Vergence 
dysfunction

Abbreviations: NSBVD: Non-Strabismic Binocular Vision Dysfunctions; NPA: Near Point of 
Accommodation; RAF: Royal Air Force; AF: Accommodative Facility
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prevalence reported in the various published studies [5,9-15]. Garcia 
et al. [12] in 2016 undertook a cross-sectional study on randomized 
sample of 175 university students aged 18 to 35 years. The overall 
prevalence of accommodation and binocular dysfunction was 
13.5% and refractive dysfunction was 45.14%. Dahal et al. [13] in 
a study on optometry students in Bangalore India in 2019 found 
the prevalence of non-strabismic accommodative dysfunction to 
be 55.00%, vergence dysfunction to be 73.00% and oculomotor 
dysfunction to be 15.00%. Engineering is one of the disciples of 
science which needs tedious near works, long run computer tasks 
and accurate focus and fixation. Excessive near work results in 
NSBVD which directly impact on academic performance of students 
[2-8]. This study was conducted to assess the prevalence of NSBVD 
among engineering students in Nepal.

Methodology
A cross sectional study was carried out among engineering 

students of age 18 to 30 year in different engineering colleges in 
Kathmandu valley (Kathmandu, Lalitpur and Bhaktapur districts), 
within a period of 6 months. The study began after taking 
permission from the college authorities & fixing the date for the 
evaluation of NSBVD of the students. The criteria for selection were 
the absence of significant uncorrected refractive error, healthy 
eyes, and no strabismus or amblyopia. Clinical setup was divided 
into two stations. The first station was for taking detail history on 
visual symptoms, measurement of visual acuity at distance and 
near, refraction (objective & subjective without dilation), sensory 
and motor evaluation. The tests included the measurement of 
stereopsis using stereo fly, worth-4-dot test, cover test at distance 
and near, prism bar cover test, measurement of AC/A ratio using 
gradient method and maples ocular motility test. Second station 
included the assessment of accommodation and vergence. The 
different tests for accommodation were measurement of Near Point 
of Accommodation (NPA) monocularly and binocularly using word 
target of using Royal Air Force (RAF) ruler each repeated 5 times, 
negative and positive relative accommodation (NRA and PRA), 
Accommodative Facility (AF) monocularly and binocularly and 
Monocular Estimation Method retinoscopy (MEM). The different 
tests for vergence were measurement of Near Point of Convergence 
(NPC) by vertical streak target of RAF ruler repeated 5 times, 
base in fusional vergence (NFV) and base out vergence (PFV) and 
vergence facility.

The results obtained from Amplitude of Accommodation, NPC, 
gradient AC/A, MAF and BAF, MEM retinoscopy, and vergence 
facility were compared with tables of established expected values 
by Scheimann & Wick [16] (Table 1). The results from distance 
and near lateral phoria, NFV, PFV, NRA, and PRA were compared 
with expected values from the tables of expected values by the 
Optometric Extension Program (Table 2) [17]. The results from the 
Maples Oculomotor Test were compared with minimal acceptable 
scores for saccades and pursuits by age and sex (Tables 3 & 4) [18]. 

Written consent was taken from each subject before conducting 
this study. The study protocol adhered to the provision of the 
Declaration of Helsinki for research involving human subjects. 
All data were entered into a Microsoft Excel database (Microsoft, 
version 2010) and analyses were done.

Table 1: Expected findings: Binocular vision testing 
(Scheimann & Wick) [16].

Test Expected Finding

Amplitude of accommodation Push-up test 18-1/3 age

Near point of convergence Accommodative 
target

Gradient AC/A Ratio

Break/recovery: 
5cm/7cm 4:1

Monocular accommodative facility 13-30yr old 11cpm

Binocular accommodative facility 13-30yr old 10cpm

Monocular estimation method retinoscopy 0.50D

Vergence facility testing (12 base- out/ 3 base-
in) 15cpm

Table 2: Optometric extension program expected findings 
[17].

Case Finding Expected

Distance lateral phoria 0.50 Exo

Near lateral phoria 6 Exo

Base-out (distance) blur/break/recovery: 7/19/10

Base-in (distance) break/recovery: 9/5

Base-out (near) blur/break/recovery: 15/21/15

Base-in (near) blur/break/recovery: 14/22/18

Negative relative accommodation +1.75D to +2.00D

Positive relative accommodation -2.25D to -2.50D

Table 3: Maples pursuit test minimal acceptable score by age and sex [18].

Age Ability Accuracy Head Movement Body Movement

Sex M F M F M F M F

≥14 5 5 5 4 4 4 5 5

Table 4: Maples saccadic test minimal acceptable score by age and sex [18].

Age Ability Accuracy Head Movement Body Movement

Sex M F M F M F M F

≥14 5 5 4 3 3 4 5 5
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Results
In the current study, 210 students were evaluated of age group 

18-30 years (mean age 24). No participant was excluded: 147 
(70%) were male and 63 (30%) were female. Out of 210 students, 
150 students (71.41%) presented with non-strabismic binocular 
vision dysfunctions, 60students (28.57%) were classified as 
normal. Of the 150 students with NSBVD, 45 students (21.42%) 
presented with accommodative dysfunctions, 60 students (28.57%) 
presented with vergence dysfunctions, 24 students (11.42%) 
had combined accommodative and vergence dysfunctions and 21 
students (10.00%) presented with oculomotor dysfunction. In 
terms of accommodative dysfunctions, there was a higher incidence 
of accommodative insufficiency (12.85%) than accommodative 
infacility (2.85%) and accommodative excess (15.71%). For 
vergence dysfunctions, the convergence insufficiency was the most 
prevalent (11.42%) compared to the convergence excess (5.71%), 
basic exophoria (7.14%) and fusional vergence dysfunction 
(4.28%). Of 24 students with combined accommodative dysfunction 
with vergence dysfunction, 12 (5.71%) had combined convergence 
insufficiency with accommodative insufficiency, 6 (2.85%) had 
convergence insufficiency with accommodative insufficiency 
and 6 (2.85%) had convergence excess with accommodative 
insufficiency. 21 students (10%) had oculomotor dysfunction. 75 
students (35.71%) reported symptoms such as headache, blur 
after reading, and asthenopia while 135 students (64.28%) did 
not report any symptoms. Table 5 shows the prevalence of NSBVD 
among engineering students.

Table 5: Prevalence of non-strabismic binocular vision 
dysfunctions. Source: AD=Accommodative Dysfunctions, 
BD=Binocular Dysfunctions.

Classification  N  %

Accommodative dysfunctions 45 21.42

Accommodative insufficiency 27 12.85

Accommodative excess 12 5.71

Accommodative infacility 6 2.85

Binocular dysfunctions 60 28.57

Convergence insufficiency 24 11.42

Basic exophoria 15 7.14

Convergence excess 12 5.71

Fusional vergence dysfunction 9 4.28

AD combination with BD 24 11.42

Convergence insufficiency with 
accommodative insufficiency 12 5.71

Convergence insufficiency with 
accommodative excess 6 2.85

Convergence excess with accommodative 
insufficiency 6 2.85

Oculomotor dysfunction 21 10

Normal 60 28.57

Total 210 100

Discussion
Non strabismic binocular vision dysfunctions is the growing 

problem, it is very important to know about the population at 
highest risk and its prevention & management as early as possible. 
Timely diagnosis of the conditions can improve the prognosis of 
binocular dysfunction. This condition is usually associated with 
prolonged near work [2,3,5,19]. In the current study, the overall 
prevalence of NSBVD was 71.41%. The major problem was 
accommodative insufficiency followed by convergence insufficiency 
and oculomotor dysfunction. In our study, the prevalence of NSBVD 
was distinguished from other studies. Numerous study results 
agreed that accommodative dysfunctions were more prevalent 
than vergence dysfunctions [2,19,20] whereas in the present study, 
the prevalence of vergence dysfunctions was higher. Hokoda et 
al. [20] in studied 119 patients; 42.9% of the patients had jobs 
with near workloads, and 39.5% of the patients were students 
with near workloads. In this particular study the prevalence of 
accommodative dysfunction was significantly higher than that of 
vergence dysfunction particularly accommodative insufficiency 
was the most prevalent. In addition, in Montes-Mico’s [10] 
study with a significant number of participants, accommodative 
dysfunctions were more prevalent than vergence dysfunctions. 
However, in our study, vergence dysfunctions were more prevalent 
than accommodative dysfunction. Dahal et al. [13] in a study on 
optometry students in India found the prevalence of vergence 
dysfunction significantly higher than accommodative dysfunctions 
which supports our study.

Conclusion
The present study revealed a high prevalence of NSBVD 

among engineering students and 35.71% of the students were 
symptomatic. These findings suggest that in engineering students, 
it is important to conduct a thorough eye and binocular vision 
examination to detect NSBVD. Furthermore, these dysfunctions can 
be successfully managed through the art of lens prescribing and 
optometric vision therapy [21-26]. Therefore, timely diagnosis and 
management will positively impact their future and increase the 
productivity of life.

References
1. Jeffrey S, Cooper MS, Burns RC, Cotter SA, Daum KM, et al. (2010) 

Optometric clinical practice guideline care of the patient with 
accommodative and vergence dysfunction. St. Louis: American 
Optometric Association, USA.

2. Marran LF, De Land PN, Nguyen AL (2006) Accommodative insufficiency 
is the primary source of symptoms in children diagnosed with 
convergence insufficiency. Optom Vis Sci 83(5): 281-289.

3. Shin HS, Park SC, Park CM (2009) Relationship between accommodative 
and vergence dysfunctions and academic achievement for primary 
school children. Ophthalmic & Physiological Optics: The Journal of the 
British College of Ophthalmic Opticians 29(6): 615-624.

4. Cacho MP, Garcia MA, Ruiz CM (2014) Is there any evidence for the 
validity of diagnostic criteria used for accommodative and nonstrabismic 
binocular dysfunctions? J Optom 7(1): 2-21.

5. Atowa UC, Wajuihian SO, Rekha H (2018) Vergence profile and prevalance 
of non-strabismic vergence anomalies among school children in Abia 
State, Nigeria. Ophthalmic Epidemiology 26(2): 121-131.

https://pubmed.ncbi.nlm.nih.gov/16699440/
https://pubmed.ncbi.nlm.nih.gov/16699440/
https://pubmed.ncbi.nlm.nih.gov/16699440/
https://pubmed.ncbi.nlm.nih.gov/19709375/
https://pubmed.ncbi.nlm.nih.gov/19709375/
https://pubmed.ncbi.nlm.nih.gov/19709375/
https://pubmed.ncbi.nlm.nih.gov/19709375/
https://pubmed.ncbi.nlm.nih.gov/24646897/
https://pubmed.ncbi.nlm.nih.gov/24646897/
https://pubmed.ncbi.nlm.nih.gov/24646897/
https://pubmed.ncbi.nlm.nih.gov/30303430/
https://pubmed.ncbi.nlm.nih.gov/30303430/
https://pubmed.ncbi.nlm.nih.gov/30303430/


4

Med Surg Ophthal Res       Copyright © Manish Dahal

MSOR.000559. 3(2).2021

6. Grisham D, Powers M, Riles P (2007) Visual skills of poor readers in high 
school. Optometry 78(10): 542-549.

7. Borsting E, Rouse MW, Deland PN, Hovett S, Kimura D, et al. (2003) 
Association of symptoms and convergence and accommodative 
insufficiency in school-age children. Optometry 74(1): 25-34.

8. Maples WC (2003) Visual factors that significantly impact academic 
performance. Optometry 74(1): 35-49.

9. Scheiman M, Gallaway M, Coulter R, Reinstein F, Ciner E, et al. (1996) 
Prevalence of vision and ocular disease conditions in a clinical pediatric 
population. Journal of the American Optometric Association 67(4): 193-
202.

10. Montés Micó R (2001) Prevalence of general dysfunctions in binocular 
vision. Annals of Ophthalmology 33(3): 205-208.

11.  Rajeshwori N, Raju K, Sanjeev B, Shrestha G (2018) Prevalence of myopia 
and binocular vision dysfunctions in microscopists. International Eye 
Science 18(7): 1180-1183. 

12. Garcia Munoz A, Carbonell Bonete S, Canto Cerdan M, Cacho Martinez 
P (2016) Accommodative and binocular dysfunctions: Prevalence in 
a randomised sample of university students. Clinical & Experimental 
Optometry 99(4): 313-321.

13. Manish D, Khatri B (2019) Prevalence of non-strabismic binocular vision 
dysfunction among optometry students in Bangalore, India. Optometry 
& Visual Performance 7(1): 23-27.

14. Kaiti R, Pradhan A, Dahal HN, Shrestha P (2018) Pattern and prevalence 
of refractive error and secondary visual impairment in patients 
attending a tertiary hospital in Dhulikhel, Nepal. Kathmandu University 
Medical Journal 16(62): 114-119.

15. Darko Takyi C, Owusu Ansah A, Appiah Eduenu C, Abu EK, Boadi Kusi 
SB, et al. (2016) Refractive and binocular vision status of optometry 
students, Ghana. Journal of Medical and Biomedical Sciences 5(2): 24-
29.

16. Scheimann M, Wick B (2008) Clinical management of binocular vision: 
Heterophoric, accommodative, and eye movement disorders. (4th edn), 
Lippincott Williams & Wilkins, US, pp. 1-752.

17. Hendrickson H (1984) The behavioral optometry approach to lens 
prescribing. Optometric Extension Program Foundation, US, pp. 1-68.

18. Maple WC, Jody Atchley OD, Tim Ficklin (1992) North Eastern state 
university college of optometry’s oculomotor norms. Journal of 
Behavioral Optometry 3(6): 143-150.

19. Garcia A, Cacho P, Lara F (2002) Evaluating relative accommodations in 
general binocular dysfunctions. Optom Vis Sci 79(12): 779-787.

20. Hokoda SC (1985) General binocular dysfunctions in an urban optometry 
clinic. J Am Optom Assoc 56(7): 560-562.

21. Scheiman M, Cotter S, Kulp MT, Mitchell GL, Cooper J, et al. (2011) 
Treatment of accommodative dysfunction in children: Results from a 
randomized clinical trial. Optom Vis Sci 88(11): 1343-1352.

22. Borsting E, Mitchell GL, Kulp MT, Scheiman M, Amster D, et al. (2012) 
Improvement in academic behaviors following successful treatment of 
convergence insufficiency. Optom Vis Sci 89(1): 12-18.

23. Scheiman M, Kulp MT, Cotter S, Mitchell GL, Gallaway M, et al. (2010) 
Vision therapy/orthoptics for symp-tomatic convergence insufficiency 
in children: Treatment kinetics. Optom Vis Sci 87(8): 593-603.

24. Shin HS, Park SC, Maples WC (2011) Effectiveness of vision therapy for 
convergence dysfunctions and long-term stability after vision therapy. 
Ophthalmic Physiol Opt 31(2): 180-189.

25. Manish D, Kaiti R, Bishal H (2019) Evaluation and Management of 
refractive amblyopia with associated non strabismic binocular vision 
dysfunctions through vision therapy: A case report from Nepal. EC 
Ophthalmology Case Report 10: 1-8.

26. Raju K, Manish D, Bishal H (2020) Management of accommodative 
insufficiency with optometric vision therapy: A case report. J Ophthalmol 
5(1):1-3.

For possible submissions Click below: 

Submit Article

https://pubmed.ncbi.nlm.nih.gov/17904495/
https://pubmed.ncbi.nlm.nih.gov/17904495/
https://pubmed.ncbi.nlm.nih.gov/12539890/
https://pubmed.ncbi.nlm.nih.gov/12539890/
https://pubmed.ncbi.nlm.nih.gov/12539890/
https://pubmed.ncbi.nlm.nih.gov/12539891/
https://pubmed.ncbi.nlm.nih.gov/12539891/
https://pubmed.ncbi.nlm.nih.gov/8888829/
https://pubmed.ncbi.nlm.nih.gov/8888829/
https://pubmed.ncbi.nlm.nih.gov/8888829/
https://pubmed.ncbi.nlm.nih.gov/8888829/
https://link.springer.com/article/10.1007/s12009-001-0027-8
https://link.springer.com/article/10.1007/s12009-001-0027-8
http://ies.ijo.cn/cn_publish/2018/7/201807003.pdf
http://ies.ijo.cn/cn_publish/2018/7/201807003.pdf
http://ies.ijo.cn/cn_publish/2018/7/201807003.pdf
https://pubmed.ncbi.nlm.nih.gov/27027297/
https://pubmed.ncbi.nlm.nih.gov/27027297/
https://pubmed.ncbi.nlm.nih.gov/27027297/
https://pubmed.ncbi.nlm.nih.gov/27027297/
http://ovpjournal.net/issue7-1_webfiles/OVP7-1_article_Dahal_web.pdf
http://ovpjournal.net/issue7-1_webfiles/OVP7-1_article_Dahal_web.pdf
http://ovpjournal.net/issue7-1_webfiles/OVP7-1_article_Dahal_web.pdf
https://pubmed.ncbi.nlm.nih.gov/30636750/
https://pubmed.ncbi.nlm.nih.gov/30636750/
https://pubmed.ncbi.nlm.nih.gov/30636750/
https://pubmed.ncbi.nlm.nih.gov/30636750/
https://www.ajol.info/index.php/jmbs/article/view/146491
https://www.ajol.info/index.php/jmbs/article/view/146491
https://www.ajol.info/index.php/jmbs/article/view/146491
https://www.ajol.info/index.php/jmbs/article/view/146491
https://www.oepf.org/sites/default/files/journals/jbo-volume-3-issue-6/3-6%20Maples.pdf
https://www.oepf.org/sites/default/files/journals/jbo-volume-3-issue-6/3-6%20Maples.pdf
https://www.oepf.org/sites/default/files/journals/jbo-volume-3-issue-6/3-6%20Maples.pdf
https://pubmed.ncbi.nlm.nih.gov/12512686/
https://pubmed.ncbi.nlm.nih.gov/12512686/
https://pubmed.ncbi.nlm.nih.gov/4020010/
https://pubmed.ncbi.nlm.nih.gov/4020010/
https://pubmed.ncbi.nlm.nih.gov/21873922/
https://pubmed.ncbi.nlm.nih.gov/21873922/
https://pubmed.ncbi.nlm.nih.gov/21873922/
https://pubmed.ncbi.nlm.nih.gov/22080400/
https://pubmed.ncbi.nlm.nih.gov/22080400/
https://pubmed.ncbi.nlm.nih.gov/22080400/
https://pubmed.ncbi.nlm.nih.gov/20543758/
https://pubmed.ncbi.nlm.nih.gov/20543758/
https://pubmed.ncbi.nlm.nih.gov/20543758/
https://pubmed.ncbi.nlm.nih.gov/21309805/
https://pubmed.ncbi.nlm.nih.gov/21309805/
https://pubmed.ncbi.nlm.nih.gov/21309805/
https://www.ecronicon.com/ecop/pdf/ECOP-10-00568.pdf
https://www.ecronicon.com/ecop/pdf/ECOP-10-00568.pdf
https://www.ecronicon.com/ecop/pdf/ECOP-10-00568.pdf
https://www.ecronicon.com/ecop/pdf/ECOP-10-00568.pdf
https://medwinpublishers.com/OAJO/OAJO16000189.pdf
https://medwinpublishers.com/OAJO/OAJO16000189.pdf
https://medwinpublishers.com/OAJO/OAJO16000189.pdf
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php

	Prevalence of Non Strabismic Binocular Vision Dysfunction among Engineering Students in Nepal
	Abstract
	Keywords
	Abbreviations
	Introduction
	Methodology
	Results
	Discussion
	Conclusion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

