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Introduction
Studies by Scheiman et al. on a clinical paediatric population1 and Lara et al. on a clinic population 
aged 10–35 years2 reported that the most common vision disorder after ametropia was binocular 
vision disorders. In comparison with certain ocular diseases also, binocular vision disorders are 
regularly diagnosed.3 Vergence disorders (binocular vision disorders4 functionally classified 
descriptively by clinical signs as convergence insufficiency, convergence excess, divergence 
insufficiency, divergence excess, basic exophoria, basic esophoria and fusional vergence 
dysfunctions5) have considerable impact on learning, social life and academic achievement in 
general6 and thus can have significant negative effects on quality of life.3

The visual demands needed to complete school work usually involves substantial near reading 
and the use of the vergence system.7 As children progress from one level to the next in school, 
they encounter common typeface that are smaller, words and letters that are closer together, 
and reading passages with increasing length and difficulties. In addition, with the increased use 
of screen-based devices by school children, their near visual demands are also increased.8 
One author reports that there is a high prevalence of accommodative and non-strabismic 
binocular vision disorders in school-going children compared with infants to pre-schoolers.9 
Vergence disorders, such as convergence insufficiency, do become a significant clinical problem 
most especially when a patient reaches the teenage years.10 The characteristic asthenopic 
symptoms – experienced in the habitual state – are then exacerbated through increased school 
work and prolonged periods of reading.9 Patients most often encountered include high school 
students, because of the higher demands placed on their near vision system from extended 
periods of academic work.10

Few studies11,12,13 have been conducted in Ghana in the area of binocular vision; however, these 
studies also did not comprehensively investigate for vergence disorders. In a study of 
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72  individuals who had their binocular function assessed,11 
heterotropia and heterophoria were present in 15 (20.8%) 
at near fixation and 8 (11.1%) at distant fixation. Eighteen 
(25.0%) of the participants examined had convergence 
insufficiency. In a study by Ovenseri-Ogbomo et al. in the 
central region of Ghana, the use of the cover test revealed 
that 20.6% of deaf and hearing-impaired children had 
various forms of heterophorias or heterotropias.12 The 
proportion of participants with convergence insufficiency 
was estimated at 12.1% using only receded near point of 
convergence (NPC) as the diagnostic criterion. None of 
the studies above emphasised investigating specifically for 
the different types of vergence disorders, and all used only 
one clinical sign as the diagnostic criterion. Out of 86 eye 
clinics sampled in a study in two major cities in Ghana, 
it was revealed that 63 (73.3%) managed binocular vision 
anomalies.13 This study mentioned that possibly there 
could be a lack of provision of efficient binocular vision 
services because most clinics lacked binocular  vision–
related instruments for proper and comprehensive 
assessment and management.

No information is available on the prevalence of vergence 
disorders among junior high school (JHS) children, and 
associations between possible variables like asthenopia 
that affect these conditions. The absence of this information 
means that appropriate services cannot be provided for 
this age group, their school work is likely to suffer, as is 
their long-term scholastic and work opportunities, and 
ultimately their quality of life. This study aimed to establish 
the prevalence of symptomatic vergence disorders (SVDs) 
among JHS children (in their habitual state as regard to 
vision correction and use thereof) in Cape Coast Metropolis, 
Ghana, and determine whether there were any associations 
between the asthenopic symptoms and SVDs.

Research methods and design
A prospective cross-sectional school-based study was 
conducted in JHS children in the Cape Coast Metropolis. 
The study population involved 9153 JHS students.14 Only 
students within the age range of 12–17 years were included 
in the study. Students with any one of the following were 
excluded from the study: visual acuity worse than 0.2 
on LogMAR chart, strabismus, blindness, pathological 
conditions both external and internal, eye infections and 
ocular media opacities. Minimum sample size was not 
expected to be less than 317 to make the study representative 
of the population concerned. However, the study sample 
was increased to give it greater statistical power. 
A multistage sampling strategy was used. Seventy-three 
(73) JHSs in the metropolis were grouped into six clusters 
and simple random sampling was then used to select two 
schools from each of the six clusters. Fifty-three (53) 
students were randomly selected from each of the 12 
selected schools. In all, 636 students were sampled and 9 
were excluded (1 with strabismus, 2 with ocular media 
opacities and 6 with visual acuity worse than 0.2 LogMAR); 
hence 627 JHS students participated in study.

Data collection
The main outcome measures for SVD was the presence of two 
or more15 severe or very severe symptoms of asthenopia and 
detection of more than 80% of the clinical signs of specific 
vergence disorders during binocular testing. A reliable (see 
below) asthenopic symptom questionnaire and examination 
form which comprised optometric clinically accepted routine 
test procedures were used to collect data. The questionnaire 
(Figure 1) consisted of 20 symptoms associated with the use of 
the eye for distance or near vision and symptom severity were 
measured on a grading scale (0 – never, 1 – mild, 2 – moderate, 
3 – severe, 4 – very severe). Participatory pretests were 
conducted in which 10 Ghanaian JHS student responders’ 
understanding of the questions were determined and their 
comments factored into modifications of the questions. 
Undeclared pretesting continued where the questionnaire was 
administered again to 42 different JHS respondents outside the 
sample frame and reliability was checked using Cronbach’s 
alpha test. The asthenopic symptom questionnaire for the 
study appeared to have good internal consistency with α = 
0.866. All items appeared to be worthy of retention: the greatest 
increase in alpha would arise from deleting item 10 (double 
vision at far), but removal of this item would increase alpha 
only by 0.02. This questionnaire was administered to all 627 
participants, and those 220 participants who reported two or 
more15 severe or very severe asthenopic symptoms were 
considered symptomatic and were selected for the full 
binocular vision examination.

Clinical examinations were performed by the first author and 
three doctors of Optometry from the Optometry Department 
of the University of Cape Coast, Ghana. These examiners 
were taken through training on the protocol and test 
procedures for the study to promote consistency in 
instructions, measurements, results and recordings. All 
binocular vision testing were done over participant’s 
spectacle prescriptions if they used one or with no prescription 
if they did not use one. The manual lensmeter (Briot LM-25) 
was used to check and confirm spectacle prescriptions and 
these prescriptions were set in the manual phoropter (Topcon 
VT-10) before binocular vision testing was done for such 
participants. The binocular vision examination procedures 
included positive relative accommodation (PRA) and 
negative relative accommodation (NRA), NPC using a 
vertical row of 20/30 Snellen letters as target, habitual lateral 
phorias at distant and near using the von Graefe technique, 
gradient AC/A ratio and positive and negative fusional 
vergence measurement at distant and near using Risley 
prisms from a manual phoropter (Topcon VT-10). The results 
of phoria tests, fusional vergence measurements, relative 
accommodation and AC/A ratio were compared with 
normative values from the ‘expected values for 
accommodative and vergence testing’,4 and NPC results 
were compared with a cut-off normative break of 5 cm and 
recovery of 7 cm.16 More than 80% of the clinical diagnostic 
signs – for each of the specific vergence disorders – which 
deviated from the normal ranges were grouped together to 
diagnose vergence disorders using criteria by Scheiman and 
Wick.5
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Data analysis
The data collected were analysed using IBM SPSS Statistics 
(version 21). Descriptive statistics such as frequencies, means, 
standard deviations and ranges were used to analyse all the 
quantitative data. Distributions of variables were presented 
in text, tables and bar charts. Estimates of prevalence were 
presented in proportions with their corresponding 95% 
confidence intervals. Independent sample t-tests were used 
to test for significant differences in age between genders. 
Pearson’s chi-square tests were used to investigate possible 
associations between certain parameters and outcome 
variables. Multivariate binary logistic regression were also 
used to test for significant associations. A p-value of less than 
or equal to 0.05 was considered statistically significant.

Ethical considerations
The study was approved by the Biomedical Research Ethics 
Committee of the University of KwaZulu-Natal and by the 
Ghana Health Service Ethical Review Committee and the 
study conformed to the Declaration of Helsinki regarding 

research with human subjects. Institutional permission was 
sought and approved by the Cape Coast Metro Education 
Authority in Ghana, and also head teachers of the various 
JHSs in Cape Coast. JHS students agreed to participate and 
parents or guardians of participants provided signed 
informed consent. Information sheets and consent forms 
were written in English and in participant’s native 
languages (Twi and Fante) and were approved by the 
Department of Ghanaian languages of the University of 
Cape Coast.

Results
The total study population included 627 participants of 
which 47.2% were males and 52.8% were females, with mean 
age of 14.05 ± 1.49 years. There was no significant difference 
in age between male and female participants (t = 0.982, 
p = 0.16). Of the 627 participants, 220 (mean aged 14.35 ± 1.54 
years), which included 82 (37.3%) males and 138 (62.7%) 
females, reported not less than two severe or very severe 
symptoms of asthenopia and were selected for binocular 
vision examination. Of the 220 participants, 28 (12.7%) used 

Do you experience any of the following symptoms whilst you use your eyes only or your spectacles to see
objects at a far distance or see close objects (near work) such as reading, writing, computer use and cell phone
use?

If ‘YES’, indicate by ticking (√) appropriately how severe is/are the symptom(s).

Symptom Never Yes

Mild Moderate Severe Very severe

0 1 2 3 4

Headaches associated with near work

Headaches associated with far vision

Eye fatigue associated with near work

Eye fatigue associated with far vision

Blurred vision at near

Blurred vision at far

Watery eyes (tearing) with near work

Watery eyes (tearing) with far vision

Double vision associated with near work

Double vision associated with far vision

Flashes of light

Eyestrain with near work

Eyestrain with far vision

Redness around eye

Eye pain with near work

Eye pain with far vision

Difficulty tracking objects during reading or near work

Difficulty tracking objects during far vision

Burning sensation with near work

Burning sensation with far vision

FIGURE 1: Questionnaire on asthenopic symptoms.

http://www.avehjournal.org
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spectacles – 2 for near work, 15 for far vision, 8 for both near 
and far work and 3 were not specified.

The prevalence of SVDs in the JHS students in Cape Coast 
Metropolis (n = 627) was 14.8% (95% CI 12.26% – 17.83%). 
Among only JHS participants with two or more severe or 
very severe asthenopic symptoms (n = 220), the frequency of 
SVD was 42.3% (95% CI 35.93% – 48.88%). For the specific 
SVDs, the prevalence of convergence insufficiency was 8.6% 
(95% CI 6.66% – 11.07%) among JHS participants and 24.5% 
(95% CI 19.33% – 30.64%) among only JHS participants with 
severe or very severe asthenopic symptoms (Table 1); no 
participant was diagnosed with divergence insufficiency. A 
proportion of 36.6% (95% CI 26.98% – 47.39%) of males and 
45.7% (95% CI 37.57% – 53.97%) of females were diagnosed 
with SVDs, respectively. Of the participants who habitually 
used spectacles (n = 28), 35.7% (95% CI 20.71–54.17) were 
diagnosed with SVDs. The symptom of headaches associated 
with near work was most prevalent (69.9%) among 
participants with SVDs, and eyestrain with far work (23.7%) 
was the least prevalent (Figure 2). Convergence insufficiency 
was highly distributed among the different asthenopic 
symptoms compared with the other specific SVDs (Figure 3).

There was no significant association between SVD and other 
variables like gender (Χ2 = 1.73, p = 0.19) and spectacle wear 
(Χ2 = 0.57, p = 0.45) respectively. In a univariate analysis, there 

was a significant association between SVDs and specific 
asthenopic symptoms, namely headaches associated with near 
work (Χ2 = 4.45, p = 0.04), eyestrain with near work (Χ2 = 4.77, 
p = 0.03) and redness around the eye (Χ2 = 5.54, p = 0.02). 
Participants with eyestrain with near work had greater odds of 
having SVDs (OR = 0.46, 95% CI 0.23–0.90; p = 0.02) compared 
with other symptoms; participants with symptom of redness 
around the eye had greater odds of having SVDs (OR = 0.50, 
95% CI 0.29–0.89; p = 0.02) compared with other symptoms. 
Univariate analysis revealed some significant associations 
between some specific SVDs and some specific asthenopic 
symptoms (Tables 3 and 4). Participants with convergence 
insufficiency had greater odds of experiencing eye pain with 
near work (OR = 0.45, 95% CI 0.22–0.92; p = 0.03) and redness 
around the eye (OR = 0.49, 95% CI 0.26–0.94; p = 0.03) compared 
with other specific SVDs. Participants with fusional vergence 
dysfunctions had greater odds of experiencing eyestrain 
associated with near work (OR = 0.13, 95% CI 0.02–0.82; 
p = 0.03) compared with other specific SVDs.

Discussion
This study is comparable to a study by Richman and Laudon17 
who also conducted binocular testing in participant’s 
habitual vision states in order to simulate the usual conditions 
under which participants functioned. With this strategy, the 
study sought to ascertain if there was an association between 
these asthenopic symptoms and the vergence disorders. 

TABLE 1: Prevalence of specific symptomatic vergence disorders among Ghanaian junior high school students.
Symptomatic vergence disorder Frequency Asthenopic participants (n = 220) JHS participants (n = 627)

% Within 95% CI % Within 95% CI

Basic esophoria 9 4.1 2.17–7.59 1.4 0.76–2.71
Basic exophoria 9 4.1 2.17–7.59 1.4 0.76–2.71
Convergence insufficiency 54 24.5 19.33–30.64 8.6 6.66–11.07
Convergence excess 11 5.0 2.81–8.73 1.8 0.98–3.11

Fusional vergence dysfunction 5 2.3 0.97–5.21 0.8 0.34–1.85
Divergence insufficiency 0 0.0 0.00–1.72 0.0 0.00–0.61
Divergence excess 5 2.3 0.97–5.21 0.8 0.34–1.85

FIGURE 2: Distribution of asthenopic symptoms among junior high school participants with symptomatic vergence disorders.
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FIGURE 3: Distribution of vergence disorders among specific asthenopic symptoms.
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VER_DISORDERS
Basic esophoria Basic exophoria

Convergence excess Convergence Insufficiency

Divergence excess Divergence insufficiency

Fusional vergence dysfunction

TABLE 2: Association between specific symptomatic vergence disorders and asthenopia in univariate analysis.
Symptoms Basic esophoria Basic exophoria Convergence insufficiency

Χ2 P Χ2 p Χ2 p

Headaches associated with near work 0.09 0.76 2.91 0.09 0.27 0.60
Headaches associated with far vision 0.78 0.38 0.04 0.85 0.72 0.40
Eye fatigue associated with near work 0.89 0.35 0.06 0.80 2.39 0.12
Eye fatigue associated with far work 3.95 0.05 0.56 0.46 1.18 0.28
Blurred vision at near 2.22 0.14 1.99 0.16 2.09 0.15
Blurred vision at far 0.08 0.78 1.16 0.28 2.96 0.09
Watery eye (tearing) with near work 0.00 0.98 1.94 0.16 0.79 0.38
Watery eye (tearing) with far vision 0.29 0.59 0.69 0.41 3.89 0.05
Double vision associated with near work 0.31 0.58 3.20 0.07 0.66 0.42
Double vision associated with far vision 0.72 0.40 0.72 0.40 3.68 0.06
Flashes of light 0.77 0.78 0.08 0.78 1.98 0.16
Eyestrain with near work 3.50 0.06 2.35 0.13 0.74 0.39
Eye strain with far vision 0.10 0.75 0.10 0.75 0.77 0.38
Redness around eye 0.21 0.65 0.06 0.80 4.96 0.03
Eye pain with near work 1.07 0.30 3.11 0.08 4.88 0.03
Eye pain with far vision 1.28 0.26 1.28 0.26 0.90 0.34
Difficulty tracking objects during near work 0.34 0.56 0.01 0.92 0.12 0.73
Difficulty tracking objects during far vision 0.08 0.78 1.24 0.27 0.59 0.44
Burning sensation with near work 0.00 0.97 1.97 0.16 1.08 0.30
Burning sensation with far vision 0.42 0.52 0.00 0.97 0.05 0.83

Richman and Laudon,17 however, used a tertiary student 
population compared with the JHS population in the present 
study. All other studies reviewed2,18,19,20,21 apart from 
differences in study design, methodology and population22 

evaluated for vergence disorders over best-corrected 
refraction results, thus the difficulty in comparing the present 
study with the other studies. Two studies18,21, which used 
similar age populations and study design, performed 

http://www.avehjournal.org


Page 6 of 8 Original Research

http://www.avehjournal.org Open Access

binocular vision assessment over best-corrected refractive 
error results. ‘Appropriate spectacle lens correction of any 
existing refractive error is the first consideration in treating 
persons with vergence anomalies’.4 Refraction however was 
not the focus of this study because there is a preponderance 
of data on refractive errors on children in Ghana. Even 
though some of the participants in their habitual state wore 
spectacles, they complained of severe or very severe 
asthenopic symptoms. The study sought to determine if the 
cause of asthenopia among participants who already wore 
spectacles was because of an unmanaged vergence disorder.

The detection and proper diagnosis of binocular vision 
dysfunctions necessitated a comprehensive battery of vergence 
and accommodative tests and a systemic method for the analysis 
of test results. These specific vergence tests and methods of 
analysis are consistent with other studies2,18,19,20 except that these 
studies conducted the tests over routine refractive correction. In 
contrast to such studies, which utilised a lesser number of 
diagnostic signs,18,19,20 this study used more than 80% of all the 
clinical signs of specific vergence disorders. It is seldom that all 
the components of a diagnosis are present within any single 
patient.3 More diagnostic signs were adopted in our study since 
the prevalence value can be over-exaggerated with a lesser 
number of diagnostic signs and without best refractive 
correction. According to some studies,2,19 the prevalence values 
tend to reduce as the number of diagnostic signs increase. One 
study2 used a similar number of diagnostic criteria, however, in 
contrast to the present study, the age range was completely 
different and the study design was clinic based. Consistent with 
other studies2,18,19 only participants with abnormal signs and 
symptoms were considered to have vergence disorders, thus the 
use of the terminology SVD in this present study.

Most of the studies reviewed were conducted only on 
symptomatic patients.2,18,19,20 It is however difficult to compare 

the general results of this present study to those other studies 
since the entire population of JHS students in our study 
included symptomatic and asymptomatic participants. 
Prevalence figures among only participants with symptoms 
(220) who were tested for signs of vergence disorders were 
compared with these other related studies. Dwyer18 determined 
a higher prevalence of vergence disorders (42.3%) compared 
to the prevalence among symptomatic participants in our 
study. This difference in results apart from differences in study 
methodology may be attributed to the smaller sample (144) 
used in the above study as compared to the larger sample 
(n = 220) in the present study. Although all participants in 
another study2 were symptomatic, the prevalence was 
relatively lower compared to the symptomatic participants in 
our study. The numbers of symptomatic patients in both 
studies were almost the same however the severity of the 
symptoms were not specified in that study.2

Consistent with our study, convergence insufficiency was 
also the most prevalent vergence disorder in various 
studies.2,18,21,22,23 However in contrast to our study, another 
study24 determined a greater prevalence of near esophoria 
than convergence insufficiency and in yet another,22 
divergence insufficiency was the second prevalent vergence 
disorder. These differences may be attributed to the 
difference in study design, population and location. In the 
present study, individuals within only the teenage years 
were examined while one22 study above studied a wider 
age range of 8 to 49 years old. As a result of the commonalities 
of convergence insufficiencies among populations, several 
works have been done on them compared to the other 
vergence disorders25; again because of the many different 
works, specific questionnaires26,27,28,29 have been developed 
to investigate specifically these conditions. In contrast to 
the present study, two studies2,19 found convergence excess 
to be the most prevalent vergence disorder even though all 
these studies used similar diagnostic signs. Differences in 

TABLE 3: Association between specific symptomatic vergence disorders and asthenopia in univariate analysis.
Symptoms Convergence excess Fusional vergence dysfunction Divergence excess

Χ2 p Χ2 p Χ2 p

Headaches associated with near work 4.15 0.04 0.01 0.93 0.007 0.93
Headaches associated with far vision 2.57 0.11 0.004 0.95 0.73 0.39
Eye fatigue associated with near work 0.84 0.36 0.89 0.35 0.89 0.35
Eye fatigue associated with far work 0.39 0.54 0.44 0.51 0.44 0.51
Blurred vision at near 0.16 0.69 0.12 0.73 0.38 0.54
Blurred vision at far 0.14 0.71 0.17 0.68 0.17 0.68
Watery eye (tearing) with near work 0.28 0.60 0.53 0.47 1.20 0.27
Watery eye (tearing) with far vision 0.28 0.60 2.26 0.13 4.50 0.03
Double vision associated with near work 0.02 0.89 0.57 0.45 0.57 0.45
Double vision associated with far vision 0.34 0.56 0.05 0.83 0.05 0.83
Flashes of light 0.14 0.71 0.85 0.36 0.85 0.36
Eyestrain with near work 0.38 0.54 5.12 0.02 1.28 0.26
Eye strain with far vision 0.00 0.97 1.88 0.17 2.87 0.09
Redness around eye 3.44 0.06 0.02 0.90 3.04 0.08
Eye pain with near work 0.63 0.43 0.004 0.95 0.004 0.95
Eye pain with far vision 0.19 0.67 0.29 0.59 4.76 0.03
Difficulty tracking objects during near work 1.13 0.29 1.08 0.30 0.02 0.90
Difficulty tracking objects during far vision 0.06 0.80 3.41 0.07 3.41 0.07
Burning sensation with near work 0.43 0.51 0.05 0.82 1.29 0.26
Burning sensation with far vision 0.00 0.98 2.53 0.11 2.53 0.11
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study methodology and populations may have accounted 
for these discrepancies.

It is however difficult to compare the results of Metsing and 
Ferreira8 with our study even though both studies were 
conducted among school-aged African populations. The 
present study considered and investigated specific vergence 
disorders, while the other study8 reported on prevalence of 
diagnostic signs like abnormal vergence amplitude and 
vergence facility. Some of the studies reviewed2,18 did not 
investigate for fusional vergence dysfunctions as one of the 
vergence disorders. This disorder of vergence was 
investigated for in this present study because some 
participants had no significant phorias at distance or near but 
had reduced fusional vergence ranges in both base-in and 
base-out directions. These clinical signs were described by 
Wick as fusional vergence dysfunction and are seen as a 
limitation in the classification by Duane according to one 
author.5 Comparable with our study, some related studies19,20 
found lower prevalence of fusional vergence dysfunctions 
ranging from 1.5% to 1.8% among different populations. 
Rao,22 however, determined slightly higher prevalence of 
fusional vergence dysfunctions in a different population 
compared to the present study.

The asthenopic symptoms were all highly frequent among 
participants diagnosed with convergence insufficiency 
(Figure 3) in the present study; this was consistent with 
studies by Garcia-Munoz et al.25 and Westman et al.30 The 
result may be because of the commonalities of convergence 
insufficiencies among populations.25 In the Westman et al.30 
study, participants diagnosed with convergence insufficiency 
frequently complained of blurred vision, difficulties when 
reading, tired eyes, diplopia, difficulties while doing close-up 
work, painful eyes, watery eyes and headaches. It is however 
difficult to compare specific prevalence figures of asthenopic 
symptoms among participants with convergence insufficiency 
because of differences in study population and design. Also, 
not all the symptoms in the aforementioned study30 were 
specified for near and far as was done in the present study.

There is a debate as to whether asthenopic symptoms are 
specific or non-specific to causative conditions.31 Investigating 
this, this study found statistically significant association 
between SVDs and some specific asthenopic symptoms. In 
contrast to this study, one pilot study21 among black JHS 
students found no significant association between the vergence 
disorders and asthenopic symptoms. In the pilot study,21 
however, binocular assessment was performed over best-
corrected refractive prescriptions in contrast to the present 
study which used participant’s habitual spectacle prescription 
if any or no correction. The other studies reviewed2,19,25,30 did 
not report on any statistically significant associations between 
vergence disorders and asthenopic symptoms.

In conclusion, even though this study revealed significant 
associations between SVDs and some specific asthenopic 
symptoms in the participants’ habitual state, it cannot be 
concluded that those asthenopic symptoms are specific to the 

vergence disorders diagnosed. This is so because most of 
these symptoms presented in other specific vergence 
disorders. This study thus concurs with the results of two 
studies18,25 that presenting complaints of specific asthenopic 
symptoms does not clearly discriminate between the specific 
types of vergence disorders. It is recommended that further 
investigation be conducted among JHS participants in Ghana 
to compare the prevalence of vergence disorders in their best-
corrected refractive states and with reference also to 
participants who are asymptomatic.
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