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ABSTRACT   
 

BACKGROUND: Accommodation and Vergence disorder are 
diverse visual anomalies which can interfere with a child's school 
performance and impair one's ability to function efficiently. Its 
association with refractive error and its intervention were studied 
less in Indian myopia children; hence, there is a need for research 
in such setting. 
METHOD: One hundred and fifty Indian adolescents aged 10 to 
17 years were divided into three refractive error groups (high, 
moderate, and low myopia). Baseline vision examination and a 
comprehensive binocular vision assessment were performed on all 
eligible adolescents. Vision therapy was provided to participants 
whose parents gave consent on behalf of the children. Chi-square 
analysis was utilized to look at the association between the groups 
of refractive errors. To compare the mean constants of the 
experimental and control groups, a two-way RM ANOVA was 
performed. 
RESULTS: The most common dysfunction found in low myopia 
(75.3%), and moderate myopia (54%) was convergence 
insufficiency. High myopes (62.8%) were found to have combined 
convergence and accommodative insufficiency followed by 
accommodative dysfunction (14%) and basic exophoria (6%). In 
moderate myopia, a significant relationship was found between this 
dysfunction and refractive error. The experimental group in the 
overall sample showed statistically significant improvement after 
vision therapy (P<0.001), in comparison to the control group.  
CONCLUSION: Refractive error is linked to accommodative and 
convergence insufficiency. Thus, vergence and accommodative 
impairment must be tested for all myopic children, and vision 
therapy should be advised along with spectacle prescription for 
efficient binocular vision. 
KEYWORDS: Myopia, Vergence, Accommodation, Binocular 
vision. 
 
INTRODUCTION  
 

Binocular vision (BV) evaluation is a crucial component of the 
research of visual systems as effective reading abilities in both 
children and adults depend on adequate binocular vision (1). The 
eyes are responsible for organizing and processing more than 80% of  
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perceptual data. Thus, any abnormality in the 
visual function system has an impact on a child's 
cognitive growth and academic success (2, 3). 

Children's educational attainment has been 
connected to BV abnormalities. School children 
do more close work than any other demographic, 
and the existence of accommodative and 
binocular impairment can create visual signs that 
disrupt work and recreational activities. These 
factors make this population of particular concern 
(4).Reading proficiency is necessary for academic 
achievement. Accommodation and vergence 
processes in the eye need to be precise to read 
comfortably and easily (5). Most importantly, 
they may not complain, as they do not realize the 
need to read comfortably (6).  

One of the most common visual disorders in 
people is myopia. Myopia incidence is alarmingly 
rising on a worldwide scale (7,8). Understanding 
how accommodation and convergence function is 
important since the near visual activity is the 
foundation of myopia. Over the past decade, 
many authors have suggested that restoration of 
clear vision is a critical step in the treatment of 
non-strabismic persons with accommodative and 
vergence abnormalities who have a significant 
refractive error (9-11). 

Specific data for BV anomalies among myopic 
children in Indian literature is not documented. 
Thus, it becomes appropriate to have data among 

myopic children with binocular vision anomalies 
in the clinical decision-making process. It has 
been stated that NSBVAs (non-strabismic 
binocular vision abnormalities) are quite common 
among children nowadays due to the prevalence 
of mobile phones, computers, and other video 
consoles (12, 13). Estimates of BV abnormalities 
in school-aged children will aid in the 
formulation of an effective intervention, allowing 
for efficient BV and reading as well as enhancing 
the children's quality of life in terms of vision.  
 
METHODS 
 

The study participant: The administration of the 
school was informed of the specifics of the 
intended and experimental design, and both the 
parents' oral and written informed consents were 
acquired. A total of 400 children aged 10-17 
years who were attending the 7-12th grades in a 
private school in the Chengalpattu district (Tamil 
Nadu, India) participated in this study. Out of 
These, 186 students were found to have a myopic 
refractive error. After determining the sample 
frame and sampling unit, convenience sampling, 
using non-probability, was used to enroll 150 
students. The flowchart for the requirement of 
children is depicted in Figure 1. 
 
 

 
Figure 1: Flow diagram of the study. 
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Eye examination and vision screening: Box 1 
provides a summary of the steps included in 

vision screening. 

 
Box 1: Vision screening steps.  
 
 

Vision Screening was done with a visual acuity chart with a 6/9 cut-off  
Pupillary Examination and Torchlight Examination for gross ocular abnormality 

Ocular motility test using Broad H test 
W4DT was done for both Distance and Near 
Stereo acuity for near using TNO Random Dot stereogram test 

Static retinoscopy and Subjective acceptance were done for children with refractive error   
Using non-cycloplegic refraction's spherical equivalent power as a basis, children with myopic refractive error who are 
wearing spectacles with the required refractive correction are divided into three refractive error groups (mild≤2D, 
moderate≤4D, and extreme myopia≤6D). These children are chosen for a thorough evaluation of their binocular vision 
based on exclusion and inclusion criteria, as well as to identify the most frequent abnormalities in binocular vision 
based on a dioptric power differential. After getting their consent, children are again grouped into the control and 
experimental group. Vision therapy of 10 sessions was given to children in the experimental group and a reassessment 
of binocular vision has been performed for evaluating the improvement. This testing was performed after two weeks of 
wearing the recommended glasses if it was determined that the children's dioptric differences had increased by more 
than 0.5D. Refractive error tolerance limitations were taken from the CITT protocol (Convergence insufficiency 
Treatment Trial) (Scheiman et al., 2005)12 
Children were sent to the base hospital for treatment of their amblyopia, strabismus, and other ocular abnormalities. 
 
Inclusion criteria: Children between the ages of 
10 and 17 with best-corrected visual acuity of at 
least 6/9 and N6, old enough to respond to the 
subjective concept involved (Clear/Blur, 
Single/Double), were included.  
 

Exclusion criteria: Children with Strabismus, 
Ocular abnormalities, those who may need prism 
or added plus lens for near, any case of 
intraocular/previous squint surgery, self-reported 
case of head trauma/ocular, and history of 
juvenile diabetes were excluded. 
 

Binocular vision assessment protocol: 
Binocular vision assessment was done in a room 
with a standardized illumination level (Minimum 
of 480 lux), room-length of the standard distance 
of 6 meters. One hundred and fifty children with 
myopic refractive error who passed the screening 
protocol were grouped into three groups based on 
dioptric power. Children underwent a 
comprehensive binocular vision assessment, 
which included Phoria measurement for distance 
and near Thorington chart, MEM (Monocular 
estimation method), NPA (Near point of 
accommodation), NRA (Negative relative 
accommodation) and PRA (Positive relative 

accommodation), AF (Accommodation facility) 
with +/-2.00D accommodative flipper, NPC 
(Near point of Convergence), PFV (“Positive 
fusional vergence”) and NFV (“Negative fusional 
vergence”), VF (Vergence Facility) with 12 base 
out/3 base-in prism and Interpupillary distance 
(IPD). 

As the MEM Retinoscopy is widely 
practiced and easy to correlate with clinical 
findings, it served as a means of determining the 
person's accommodative condition during close-
up visual activity. All of the children's right eyes 
were examined by scanning over a horizontal 
meridian while the participants read the paper that 
had been taped to the retinoscope. The lens power 
used was recorded which indicates the status of 
accommodation as a lead or lag.    

The crucial factor in identifying 
accommodating abnormalities is the NPA. The 
accommodative response may be estimated using 
a variety of methods, including manual methods 
like the Push-up approach and the Minus lens 
approach. The push-up approach, where the near 
target is put nearer to the eyes until a continuous 
blur is detected, has been believed to be standard 
due to simplicity. The near target should be 
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equivalent to or slightly superior to the best 
corrected near visual acuity. The endpoint of a 
blur was measured with the ruler centered on the 
forehead. The test was performed binocularly; 
three measures for each eye were collected, and 
the average of the two values was noted in 
centimeters before being changed to its 
equivalent in dioptric units. 

The range of accommodation at a given 
distance, from stimulation to relaxation, is 
measured by PRA and NRA. The minus lenses 
were then added binocularly in 0.25D steps until 
the children experienced their first sustained blur, 
which was noted as PRA. The same procedure 
was repeated with the plus lenses, and the values 
were recorded as NRA. The subject fixes at the 
N6 target or the last line of the near vision chart 
at a 40cm of distance. 

Accommodative facility (AF) testing was 
done to measure the dynamic of accommodation.  
In this study, +/-2.00 DS lenses at 40cm were 
advised for children (13) and were alternatively 
utilized to cause variations in accommodation. 
The visual system's responses to accommodation 
stimulation and relaxation are then recorded. The 
task is to read the words on a word rock card with 
the letter N10 as rapidly as one can while 
switching between plus-minus lenses. In the right 
eye of each child, a monocular accommodative 
facility was evaluated first, then a binocular 
accommodative facility. Two words are 
represented by one cycle of focusing using the 
plus and minus lenses. 

Using a royal air force ruler with a linear 
accommodative objective of 6/9 lowered by 
Snellen's letter, the NPC was evaluated. The tests 
were repeated thrice and the average was 
recorded as NPC. Testing for heterophoria is a 
crucial component of standard optometric 
examinations, and a Bernell MIM (Muscle 
Imbalance Measure) card was used to assess the 
extent of the deviation during the Modified 
Thorington (MT) test. Several authors have 
endorsed the MT test because of its control of 
accommodation, simplicity, high repeatability, 
and reliability (14, 15). At a distance of 3m and 
40cm, respectively, the Maddox rod is positioned 
in the trial frame in the right eye horizontally for 
horizontal deviations and vertically for 

deviations. The children claim that the location of 
the red streak on the vertical and horizontal 
numbers indicates the proper prism deviation 
from the MIM card.  

A prism cover test was conducted to 
determine the degree of heterophoria if the red 
streak was identified outside of the MIM card or 
in the event of inconsistent replies. The AC/A 
ratio was calculated by formula (AC/A=IPD+FD 
X (NP-FP), where IPD is in centimetre, fixation 
distance (FD) in meter, far and near phoria (NP, 
FP) in prism diopters. IPD was evaluated with an 
IPD ruler (16). 

The benefit of utilizing a prism bar to 
measure fusional vergence amplitudes is that it 
allows for an objective reassessment of the 
vergence endpoint based on the one eye deviation 
during testing (14). To prevent the impact of 
convergence testing on vergence recovery, the 
NFV for both near and far will be assessed first, 
followed by the PFV.  

As the test stimulus, a vertical row of letters 
with a 6/9 Snellen equivalent was used. The 
number of prisms in front of one eye was 
gradually increased until the child reported 
diplopia (fusional vergence break), at which point 
the number of prisms was decreased until the 
binocular single vision was recovered (fusional 
recovery). To replicate the real-world testing 
conditions in the clinical setting, the vergence 
testing was carried out in an open space without 
head support or chin rest. 

Testing for vergence facility increases the 
sensitivity of diagnosing binocular vision 
abnormalities in addition to fusional vergence 
amplitudes. Vergence flippers of 12 Base out/3 
Base in prisms have been discovered to 
distinguish the symptomatic from the normal BV 
group during vergence facility testing, which 
evaluates the fusional vergence system dynamics 
(17). The children were instructed to maintain a 
clean, single vertical row of 6/9 letters while the 
flip prisms were turned from Base out to in.  Base 
out and base in are flipped once, and the number 
of full cycles/min was counted. To guarantee 
bifixation, the simultaneous vergence movement 
of the eyes was recorded while the test was being 
conducted. The non-strabismic binocular vision 
abnormalities (NSBVA) diagnostic criteria were 
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approved from multiple sign system classification 
by (Scheiman & Wick, 2014) (14), (Hussaindeen 
et al. (2017) (6). 
Ethics: The Institutional Ethics Committee of 
Saveetha Medical College and Hospital 
Institutional Ethics Committee accepted the 
research methodology and consent form, 
(005/08/2021/IEC/SMCH), which follows the 
concepts outlined in the Declaration of Helsinki, 
as published in the Indian Journal of Medical 
Research. 
Statistical software: Statistical significance was 
defined as 0.05 or less probability. We conducted 
statistical analysis and graph plotting using 
SigmaPlot 14.5 (Systat Software Inc., San Jose, 
USA). 
 
RESULTS 
 
Out of 400 screened participants, 150 were 
entitled and took part in this study. The baseline 
characteristic is demonstrated in Table 2. Low 

myopia ≤2D, moderate myopia ≤4D and high 
myopia ≤6 D compromised 65,50,35 participants 
respectively. The one-way ANOVA represented 
that there was a considerable age difference 
(P<0.001), and non-cycloplegic refraction for the 
right eye (P<0.001). 

The distribution of NSBVA based on 
dioptric power difference was significant 
(c2=22.085; P<0.001) and was summarized in 
Table 2. Considering the overall sample, the most 
prevalent abnormalities in low myopia ≤ 2D, 
moderate myopia ≤ 4D were convergence 
insufficiency, and high myopes ≤ 6D were found 
to have combined convergence and 
accommodative insufficiency. Analysis indicated 
between post-control and experimental group 
shows a statistical difference for phoria 
measurement for distance (P<0.001), phoria 
measurement for near (P<0.001), AF (P<0.001), 
Vergence facility (P<0.001) by chi-square 
analysis as shown in Tables 3 and 4. 

 
Table 2: Baseline characteristic. 
 

 Low-myopia 
(n=65) 

Moderate-
Myopia 
(n=50) 

High-
Myopia 
(n=35) 

Total 
(n=150) 

Comparison of 3 
groups 

Male, N (%) 43 (66%) 29 (58%) 18 (51%) 90 (60%) c2 = 2.180 
P = 0.336 Female, n (%) 22 (34%) 21 (42%) 17 (49 %) 60 (40%) 

Age, Mean ± SD 14.6 ± 1.74 
b 

14.1 ± 2.31 
c 

15.8 ± 1.65 
bc 

14.8 ± 
0.87 

F = 8.181 
P < 0.001 

Non-cycloplegic refraction, 
Spherical Equivalent, 
Right eye, D, mean ± SD 

-1.41 ± 0.53 
ab 

-2.88  0.51 
ac 

-4.71 ± 0.45 
bc 

-3.00 ± 
1.65 

F = 490.661 
P < 0.001 

For age and eye refractive error, the same alphabetical characters are mutually significant. 
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Table 3: Classification of general binocular dysfunction based on dioptric power group in the overall sample 
by chi-square analysis. 
 
 
Classification 

Low-myopia  
<2D 

(n=65) 

Moderate-Myopia  
                < 4D 

(n=50) 

High-Myopia 
< 6D  

(n=35) 

Percentage of 
occurrence 

Accommodative dysfunction 
Accommodative Insufficiency 4 4 2 6.6 
Accommodative infacility 1 3 0 2.6 
Vergence dysfunction 
Convergence Insufficiency 48 24 11 55.3 
Basic Exophoria 1 3 0 2.6 
Combination of accommodative and vergence dysfunction 
Accommodative and convergence 
insufficiency 

11 16 22 32.6 

n = 150; c2 = 22.085; P < 0.001 100 
 
We conducted multiple comparisons of the mean 
using a two-way RM ANOVA (P≤0.05) with a 
Bonferroni t-test between the experimental and 
control group in the overall sample, and the 
results are shown in Table 5. This was done to 
find the effectiveness of vision therapy in pre- 
and post-samples correlating to the significance. 
The results are reported as mean ±SEM and 
analyzed with two-way repeated measures (RM) 
ANOVA for one-factor repetition and 
Bonferroni's t-test for post-hoc multiple 
comparisons. Factor A was groups (between-
group comparison – Control and Experimental), 
and Factor B, was tests (within group comparison 
i.e., repetition factor – Pre-test and Post-test).  

Although the two-way ANOVA analysis 
does not reveal a considerable difference between 

the pre-and post-test (P = 0.013), the AC/A ratio 
does vary with the age group. Other parameters 
such as the monocular estimation method (+VE 
value P<0.001, -VE value P<0.001), NPC (break 
values P<0.001, recovery values P<0.001), 
Amplitude of accommodation (P < 0.001), NRA 
(P < 0.001), PRA (P = 0.014) and AF (P<0.001), 
Negative fusional vergence (distance break 
P<0.001, distance recovery P<0.001, near break 
P<0.001, near recovery P<0.001 ) and PFV 
(distance break P<0.001, distance recovery 
P<0.001, near break P<0.001, near recovery 
P<0.001), Vergence facility (P<0.001) presented 
a considerable difference between pre- and post-
experimental group.

 
Table 4: Measurement of Binocular parameters between the control and Experimental group in the overall 
sample by chi-square analysis. 
 

Variable Pre-test 
Control/Experimental  

Post-test 
Control/Experimental  

Statistical Analysis 
(All four groups) 

Phoria Measurement for Distance c2 = 0 
P = 1.0 

c2 = 19.104 
P < 0.001 

c2 = 42.052 
P < 0.001 

Phoria Measurement for Near c2 = 0  
P = 1.0 

c2 = 18.233 
P<0.001 

c2 = 50.957 
P<0.001 

AF c2 = 2.590  
P = 0.459 

c2 = 51.550 
P < 0.001 

c2 = 120.282 
P < 0.001 

Vergence Facility c2 = 0.0906  
P = 0.763 

c2 = 11.563 
P < 0.001 

c2 = 23.902 
P < 0.001 
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Table 5: Parameters evaluated (Mean and standard deviation) by two-way RM ANOVA (P<0.05) between 
Control and experimental group in the overall sample. 
 
Parameters Pre-test 

Mean± 
SD 

Post-test 
Mean± 
SD 

Pre-test 
Mean± 
SD 

Post-test 
Mean± 
SD 

             
F 

p-value        F p-value 

AC/A ratio 6.0 ± 0.1 6.0 ± 0.1 6.1 ± 0.1 6.0 ± 0.1 F = 
0.0515 

P = 
0.821 

F = 
6.339 

P = 
0.013 

NPC accommodative target break 
(in cm) 

10.0 ± 
0.2 

10.0 ± 
0.2 

11.0 ± 
0.2 

8.0 ± 0.1 F = 
10.307 

P = 
0.002 

F 
=255.287 

P<0.001 

 NPC accommodative target 
recovery (in cm) 

11.1 ± 
0.2 

11.1 ± 
0.2 

12.0 ± 
0.2 

9.0 ± 0.2 F = 
8.454 

P = 
0.004 

F 
=163.847 

P<0.001 

AA-right eye (in Diopters) 15.0 ± 
0.5 

15.2 ± 
0.5 

14.3± 1.0 16.1 ± 
0.5 

F 
=0.00589 

P = 
0.939 

F = 
5.030 

P=0.026 

AA-left eye (in Diopters)  15.0 ± 
0.5 

15.2 ± 
0.5 

13.5 ± 
0.6 

16.4 ± 
0.6 

F = 
0.0663 

P = 
0.797 

F = 
200.235 

P<0.001 

AA-Both eyes (in Diopters)  15.9 ± 
0.5 

16.0 ± 
0.5 

14.2 ± 
0.6 

17.0 ± 
0.6 

F = 
0.186 

P = 
0.667 

F = 
134.558 

P<0.001 

NRA (in Diopters) 3.0 ± 0.1 3.1 ± 0.1 3.3 ± 0.1 4.0 ± 0.1 F = 
20.959 

P<0.001 F 
=114.097 

P<0.001 

PRA (in Diopters)  -4.0 ± 
0.2 

-4.0 ± 
0.2 

-4.3 ± 
0.2 

-5.0 ± 
0.2 

F = 
3.967 

P = 
0.048 

F = 
6.199 

P=0.014 

MEM +Value (in Diopters)  0.944 ± 
0.066 

0.944 ± 
0.066 

1.171 ± 
0.094 

0.951 ± 
0.078 

F = 
1.199 

P = 
0.276 

F = 
81.951 

P<0.001 

MEM -Value (in Diopters)  -1.179 ± 
0.101 

-1.179 ± 
0.101 

-1.051 ± 
0.044 

-0.824 ± 
0.032 

F = 
6.923 

P = 
0.011 

F = 
44.913 

P<0.001 

NFV distance break (in Prism 
Diopters)  

9.040 ± 
0.2 

9.040 ± 
0.2 

9.067 ± 
0.2 

9.520 ± 
0.2 

F = 
0.595 

P = 
0.442 

F = 
21.690 

P<0.001 

NFV distance recovery (in Prism 
Diopters) 

6.787 ± 
0.2 

6.787 ± 
0.2 

6.573 ± 
0.2 

7.147 ± 
0.2 

F = 
0.0559 

P = 
0.813 

F = 
14.671 

P<0.001 

NFV near break (in Prism 
Diopters 

19.627 ± 
0.5 

19.627 ± 
0.5 

19.347 ± 
0.5 

21.480 ± 
0.5 

F = 
1.347 

P = 
0.248 

F = 
57.581 

P<0.001 

 NFV near recovery (in Prism 
Diopters 

14.893 ± 
0.4 

14.947 ± 
0.4 

14.227 ± 
0.4 

17.467± 
0.4 

F = 
3.597 

P = 
0.060 

F = 
79.052 

P<0.001 

PFV distance break (in Prism 
Diopters) 

15.027 ± 
0.4 

15.027 ± 
0.4 

15.813 ± 
0.4 

12.373 ± 
0.3 

F = 
21.173 

P<0.001 F = 
103.671 

P<0.001 

PFV distance recovery (in Prism 
Diopters)  

6.787 ± 
0.2 

6.787 ± 
0.2 

6.573 ± 
0.2 

7.147 ± 
0.2 

F = 
13.134 

P<0.001 F = 
81.889 

P<0.001 

PFV near break (in Prism 
Diopters) 

19.627 ± 
0.5 

19.627 ± 
0.5 

19.347 ± 
0.5 

21.480± 
0.5 

F = 
20.071 

P<0.001 F = 
66.513 

P<0.001 

PFV near recovery (in Prism 
Diopters) 

14.893 ± 
0.4 

14.947 ± 
0.4 

14.227 ± 
0.4 

17.467 ± 
0.4 

F = 
19.981 

P<0.001 F = 
113.292 

P<0.001 

Vergence facility (in 
cycles/minute)  

10.0 ± 
0.2 

10.1 ± 
0.2 

10.0 ± 
0.2 

13.5 ± 
0.2 

F = 
28.280 

P<0.001 F = 
342.344 

P<0.001 

Accommodative facility OD (in 
cycles/minute) 

9.4 ± 0.2 9.6 ± 0.2 9.4 ± 0.2 13.0 ± 
0.2 

F = 
33.744 

P<0.001 F = 
291.514 

P<0.001 

Accommodative facility OS (in 
cycles/minute)  

9.7 ± 0.2 9.9 ± 0.2 9.6 ± 0.2 13.1 ± 
0.2 

F = 
27.908 

P<0.001 F = 
235.850 

P<0.001 

Accommodative facility OU (in 
cycles per min) 

10.2 ± 
0.2 

10.4 ± 
0.2 

10.2 ± 
0.2 

14.0 ± 
0.3 

F = 
27.840 

P<0.001 F = 
230.413 

P<0.001 

 “AA: Amplitude of accommodation; NPC:  Near point of convergence; AC/A: Accommodation convergence to accommodation, PRA: Positive relative 
accommodation; NRA: Negative relative accommodation; NFV: Negative fusional vergence; MEM: Monocular estimate method; VF: Vergence 
facility; PFV: Positive fusional vergence; AF: Accommodation facility”. 
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DISCUSSION 
 

The findings suggest that vergence and 
accommodation anomalies play a significant role 
in refractive error. Correction of a low degree of 
ametropia helps in stabilizing focus in binocular 
disorders and is important for improving visual 
acuity (18). One should not undervalue the 
impact binocular vision status has on academic 
performance. If left untreated, abnormalities of 
binocular vision such as heterophoria and 
vergence and accommodation disorders may 
cause problems with reading and writing that will 
only become worse as students go through their 
academic careers.  

Healthy binocular vision has benefits that go 
beyond effort and performance in the classroom. 
Accommodative and vergence difficulties may 
hinder the academic as well as other 
extracurricular activities like sports and games.  
Visual perception abnormalities may also cause 
difficulties later (19, 20). There are studies 
indicating that, in myopia, the AC/A ratio is 
increased. The present study also has shown that 
there is increase in AC/A ratio, as myopia with 
higher AC/A ratio may have an imbalance in the 
comparative potency of vergence and 
accommodative adaptation (21-25). 

The present finding indicates that vergence 
dysfunction, combined vergence and 
accommodation, and accommodative dysfunction 
were commonest. Among these, Convergence 
insufficiencies were commonest among the low 
degree myopia, moderate myopia, high myopia 
and combined dysfunction. Convergence and 
Accommodation insufficiency was common 
among the high degree of myopia, moderate 
myopia, low myopia. It is followed by 
Accommodative dysfunction and basic exophoria 
in moderate myopia. The statistics shows that 
children with modest degrees of myopia had a 
higher likelihood of developing convergence 
insufficiency. Regarding convergence 
insufficiency, previous studies on Chinese 
teenagers also demonstrated the association with 
refractive error grouping (4). Following low 
myopia, high myopia, and intermediate myopia in 
this analysis, emmetropia had the greatest 
incidence of convergence insufficiency. It was 
reported to be 2.5 times higher in the hyperopic 

and emmetropic groups and 8 times higher in the 
myopic group in the different research on Chinese 
school children (26). The relationship between 
abnormal binocular vision and refractive error is 
supported by the data from these two 
investigations. Only two persons with 
intermediate myopia were included in the 
research by Wajuihian, which had a sample size 
of 1056 respondents. The results of the research 
may have been impacted by the limited sample 
size of myopic subjects, and it would be 
challenging to establish a link between refractive 
error and abnormalities in binocular vision (27). 

Although convergence insufficiency was the 
most often seen result in this research, an analysis 
of accommodative insufficiency was also 
conducted since excessive myopia has been 
associated with a significant co-morbidity rate 
between the two conditions. In the instance of 
high myopia, the results revealed a considerable 
difference in accommodative amplitude, and it 
was also shown that the symptom of 
accommodative insufficiency increased with the 
number of indications of convergence 
insufficiency. The prevalence of accommodative 
insufficiency in the research (7.3%) is within the 
range described in the literature (0.2-17.3%), 
although it is difficult to compare studies because 
of the variety of diagnostic criteria (2, 6,25, 28-
32).  

According to many studies, convergence 
excess is the most common or second most 
common binocular vision impairment (28, 33-35). 
It is the least common ailment, according to one 
survey (35). The various reports' adoption of 
different diagnostic criteria is believed to be the 
primary cause of this disagreement. The 
prospective design and the use of multiple sign 
categorization for diagnosis are the strengths of 
the current research.  

Cycloplegic refraction cannot be done in a 
school because the instillation of eye drops at 
school set-up is not permitted by existing 
healthcare protocols in many countries (37-38). 
Participants wore complete habitual corrections 
throughout the experiment. Further research or 
reports on binocular vision activity in various 
refractive error groups in Indian adolescents 
should be conducted due to variances in the 
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proportion of binocular vision impairments in 
each refractive error grouping. Understanding the 
aetiology of the relationships discovered in the 
present study may be aided by further studies in 
this field. The diagnosis is standardized by using 
a multiple-sign categorization system; otherwise, 
the specifics would vary widely across 
investigations (6, 14). There should be an effort 
made to combine evidence-based diagnostic 
standards with uniform cut-off values, testing 
techniques, including instruments, even testing 
training, and fixation targets.  

As accommodative and vergence disorders 
are among the most prevalent visual disorders 
associated with myopia, this research underlines 
the necessity for early diagnosis of binocular 
vision or accommodative disorder among myopia 
and highlights the incidence of non-strabismic 
binocular vision abnormalities. Our data reinforce 
the practitioner who has been active in this area 
of vision care to assess binocular vision disorder 
as at least one type of binocular vision disorder 
found to be associated with myopia refractive 
error, so that proper refractive correction, vision 
therapy can be advised and follow-up should be 
done for further care. 
 
ACKNOWLEDGEMENTS 
 

The authors thank Saveetha Medical College and 
Hospital, Chennai, Tamil Nadu, for their help in 
providing the instruments required for the 
research. 
 
REFERENCES 
 
1. Atiya, A., Hussaindeen, J. R., Kasturirangan, S., 

Ramasubramanian, S., Swathi, K., & 
Swaminathan, M. Frequency of undetected 
binocular vision anomalies among 
ophthalmology trainees. Journal of 
Optometry,2020:13(3),185–190. 
doi.org/10.1016/j.optom.2020.01.003. 

2. Borsting E, Rouse MW, Deland PN . 
Association of symptoms and convergence and 
accommodative insufficiency in school-age 
children. Optometry. 2003; 74:25-34. 

3. Kwarteng M.A, Katsvanga C.C, Kyei S. 
Childhood Vision Impairment and Refractive 
Error in Zimbabwe: A Hospital-based 

Retrospective Study. Ethiop J Health Sci. 2022; 
29 (4):723- 728. 

4. Ma, M. M.-L., Yeo, A. C. H., Scheiman, M., & 
Chen, X. Vergence and Accommodative 
Dysfunctions in Emmetropic and Myopic 
Chinese Young Adults. Journal of 
Ophthalmology,2019;1-8. 
doi.org/10.1155/2019/5904903 

5. Morad, Y., Lederman, R., Avni, I., Atzmon, D., 
Azoulay, E., & Segal, O. Correlation between 
reading skills and different measurements of 
convergence amplitude. Current Eye Research, 
2002; 25(2):117–121. 
doi.org/10.1076/ceyr.25.2.117.10155 

6. Hussaindeen JR, Rakshit A, Neeraj K, 
Swaminathan M, George R, Kapur S et al., 
Prevalence of non-strabismic anomalies of 
binocular vision in Tamil Nadu: Report 2 of 
BAND study. Clinical and Experimental 
Optometry,2017;100(6):642-648. 
doi.org/10.1111/cxo.12496 

7. Holden, B. A., Fricke, T. R., Wilson, D. A 
Global Prevalence of Myopia and High Myopia 
and Temporal Trends from 2000 through 2050. 
Ophthalmology, 2016:123(5), 1036–1042. 
doi.org/10.1016/j.ophtha.2016.01.006 

8. Michaeline I, Sheriff A, Bimbo A. Paediatric 
Refractive Errors in an Eye Clinic in Osogbo, 
Nigeria. Ethiop J Health Sci. 2016; 26 (2):147-
154. 

9. Griffin JR. Binocular Anomalies: Procedures 
for vision Therapy.2nd ed. Chicago: 
Professional press.1982. 

10. Rosner J. Pediatric optometry. Boston: 
Butterworths,1982. 

11. Scheiman M, Wick B. Clinical Management 
of Binocular Vision. Philadelphia. 
Lippincott,1993:441-65 

12. Nakaishi, H., & Yamada, Y.Abnormal tear 
dynamics and symptoms of eyestrain in 
operators of visual display terminals. 
Occupational and Environmental Medicine, 
1999:56(1), 6–9. doi.org/10.1136/oem.56.1.6 

13. Hu, J., Wang, G., Zhou, Z. Evaluation of a 
Novel Quality of Life Scale for Schoolchildren 
with Nonstrabismic Binocular Vision 
Anomalies. BioMed Research 
International,2020:1–7. 
doi.org/10.1155/2020/4723402 

14. Scheiman, M., & Wick, B. (2014). Clinical 
management of binocular vision: heterophoric, 



           Ethiop J Health Sci.                               Vol. 33, No. 3                           May 2023 
 

 
  
 

532 

 

accommodative, and eye movement disorders 
(4., rev. ed). Lippincott Williams & Wilkins. 

15. Rainey BB, Schroeder TL, Goss DA, 
Grosvenor TP. Inter-examiner repeatability of 
heterophoria tests. Optom Vis Sci. 1998; 
75(10): 719–726. 

16. Rutstein RP, Daum KM. Anomalies of 
Binocular Vision: Diagnosis and Management. 
Mosby, St Louis, 1998. 

17. Gall R, Wick B, Bedell H. Vergence facility: 
establishing clinical utility. Optom Vis Sci. 
1998; 75(10): 731–742. 

18. Dwyer P, Wick B. The influence of refractive 
corrections upon the disorder of vergence and 
accommodations. Optom vis 
sci.1995;72(4):224-232. 

19. Conlon EG, Sanders MA, Wright CM: 
Relationships between global motion and global 
form processing, practice, cognitive and visual 
processing in adults with dyslexia or visual 
discomfort. Neuropsychologia 2009, 47 :907-
15.  

20. Kruk R, Sumbler K, Willows D: Visual 
processing characteristics of children with 
Meares-Irlen syndrome. Ophthalmic Physiol 
Opt 2008, 28:35-46. 

21. Jiang BC. Parameters of accommodation and 
vergence systems and the development of late-
onset myopia. Invest Ophthalmol Vis Sci. 1995; 
36:1737–1742. 

22. Schor C, Horner D. Adaptive disorders of 
accommodation and vergence in binocular 
dysfunction. Ophthalmic Physiol Opt. 1989; 9 
:264–268. 

23. Manas L. The inconstancy of the ACA ratio. 
Am J Optom Arch Am Acad Optom. 1955;32: 
304–315.  

24. Gwiazda J, Grice K, Thorn F. Response AC/A 
ratios are elevated in myopic children. 
Ophthalmic Physiol Opt. 1999; 19: 173–179.  

25. Rosenfield M, Gilmartin B. Effect of a near-
vision task on the response AC/A of a myopic 
population. Ophthalmic Physiol Opt. 1987; 
7:225–233. 

26. M. M.-L. Ma, W. Long, Z. “Convergence 
insufficiency in Chinese high school students,” 
Clinical and Experimental Optometry,2019;109 
(2):166–171. 

27. S. O. Wajuihian, “Is there any association 
between convergence insufficiency and 

refractive errors?,” African Vision and Eye 
Health. 2017; 76(1):1–7. 

28. Scheiman M, Gallaway M, Coulter R. 
Prevalence of vision and ocular disease 
conditions in a clinical pediatric population. J 
Am Optom Assoc 1996; 67: 193–202. 

29. Rouse MW, Borsting E, Hyman L. Frequency 
of convergence insufficiency among fifth and 
sixth graders. Optom Vis Sci. 1999; 76:643–
649. 

30. Porcar E, Martinez-Palomera A. Prevalence of 
general binocular dysfunctions in a population 
of university students. Optom Vis. Sci 1997; 
74:111–113. 

31. Dwyer P. The prevalence of vergence 
accommodation disorders in a school-age 
population. Clin Exp Optom. 1992; 75: 10–18. 

32. Lara F, Cacho P, García A. General binocular 
disorders: prevalence in a clinic population. 
Ophthalmic Physiol Opt. 2001; 21:70–74. 

33. H. S. Shin, S. C. Park, and C. M. Park, 
“Relationship between accommodative and 
vergence dysfunctions and academic 
achievement for primary school children,” 
Ophthalmic and Physiological Optics. 2009; 29 
(6) :615–624. 

34. S. O. Wajuihian and R. Hansraj, “Vergence 
anomalies in a sample of high school students 
in South Africa,” Journal of Optometry. 2016; 9 
(4):246–257. 

35. A. Garcıa-Munoz, S. Carbonell-Bonete, M. 
Canto-Cerdan, and P. Cacho-Martınez, 
“Accommodative and binocular dysfunctions: 
prevalence in a randomised sample of 
university students,” Clinical and Experimental 
Optometry. 2016; 99 (4):313–321. 

36. R. Montes-Mic o, “Prevalence of general 
dysfunctions in ´ binocular vision,” Annals of 
Ophthalmology. 2001; 33 (3) :205–208. 

37. Hussaindeen JR, Rakshit A, Neeraj K, 
Swaminathan M, George R, Kapur S, et al. 
Binocular vision anomalies and normative data 
(BAND) in Tamil Nadu: report 1. Clin Exp 
Optom. 2017; 100:278–284. 

38. Abayo G, Gessesse GW, Asaminew T. 
Prevalence and Pattern of Ocular Morbidity 
among School Children in Southern Ethiopia. 
Ethiop J Health Sci. 2021; 31 (4) :831-836. 

 


