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a b s t r a c t

Background/Purpose: To assess the prevalence of nonstrabismic accommodative and vergence dysfunc-
tions among primary schoolchildren in Hampyeong, a rural area of South Korea.
Methods: Five hundred and eighty-nine primary schoolchildren, 8e13 years old, were each given a
thorough eye examination, including binocular-vision testing, near point of convergence, horizontal
phoria measurement by von Graefe, and negative and positive vergence amplitudes with prism bar, to
determine any form of accommodative or vergence dysfunctions.
Results: Of the 589 participants examined, 168 (28.5%) primary schoolchildren presented some form of
nonstrabismic accommodative or vergence dysfunctions. The prevalence of accommodative dysfunctions
and vergence dysfunctions was 13.2% and 9%, respectively. Convergence insufficiency (10.3%) was more
prevalent than convergence excess (1.9%), and accommodative insufficiency (5.3%) was more prevalent
than accommodative excess (1.2%).
Conclusion: This study suggests that nonstrabismic accommodative and vergence dysfunctions are
prevalent in the rural area of South Korean primary schoolchildren, and convergence insufficiency was
the most prevalent.
Copyright © 2015, The Ophthalmologic Society of Taiwan. Published by Elsevier Taiwan LLC. All rights

reserved.

1. Introduction

More than 80% of perceptual information is oriented and pro-
cessed through the eyes.1 Therefore, any anomalies in the visual-
function system affect children's cognitive development and
educational progress. Vision anomaly is the fourth leading physical
disease in the United States and is more common in children.1 The
prevalence of nonstrabismic accommodative and vergence dys-
functions showsmarked differences depending on the testmethods,
diagnostic criteria, and characteristics of study populations. But,
despite varying statistics, it commonly occurs in schoolchildren.2e10

Under the Korean School Health Act, children's eyesight, such as
uncorrectedvisual acuityandcolorvision, ismeasuredduringannual
school physical examinations. Although decreased visual acuity can

be detected during school eye screening, general binocular dys-
functions, such as blurriness at near workloads, headache, astheno-
pia, lacking understanding and concentrating, or repeating the same
line, are harder to identify.11e13 Thus, it is necessary to establishmore
comprehensive eye andvisionexaminationsmandated in theKorean
school system to detect such vision anomalies. In South Korea, the
only published population study was conducted in Daegu City, a
southeast urban area of South Korea, and according to this study, the
prevalence of accommodative and vergence dysfunctions in primary
schoolchildren is 35.4% and 34.1%, respectively.14 This study was
basedon theurbanpopulationand socioeconomicdiversity, butdoes
not reflect the prevalence of general binocular dysfunctions for the
rest of the country. Therefore, this studywas conducted to assess the
prevalence of general binocular dysfunctions among schoolchildren
in a rural area of South Korea.

2. Methods

Hampyeong, with an area of 392 km2, is a small town in South
Jeolla province, located in southeast South Korea. Hampyeong was
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chosen for this study because it is a small rural town in South Jeolla
province with a population of 37,998. Also, Hampyeong has a
higher population engaged in agriculture than Seoul and Daegu
(71%, 0.4%, and 2.9%, respectively). Hampyeong is one of the poorest
in education environment. Geographically, Seoul has 559 elemen-
tary schools, while Hampyeong has 11 elementary schools and
Daegu has 221 primary schools in accordance with their population
sizes. Five hundred and eighty-nine participants, 8e13 years old,
were recruited from three different primary schools between April
2014 and December 2014. Samples were collected from the
schoolchildren who had no history of eye injuries and who were
not taking any medications. Also, none of the schoolchildren had
any eye diseases, strabismus, or amblyopia that may affect the vi-
sual acuity and refractive status.

To detect and properly diagnose accommodation and vergence
dysfunctions, it is important to have the following comprehensive
tests. The first step was performed by taking a case history that in-
cludes full scope of questionnaires about visual symptoms. The
second step includes preliminary tests, distance and near visual
acuity, distance and near cover test, distance and near point of
convergence (fixation stick; Bernell, Mishawaka, USA), distance and
near pupillary distance (PD-85; Vitzro, Seoul, South Korea), ocular
motility, fusion (Worth4-dot; Bernell), and stereopsis (Titmus stereo
fly; Bernell). Monocular and binocularmeasurements for distance at
5 m and near visual acuity at 40 cmwere determined using an auto
chart projector (CCP-3100; Huvitz, Gyeonggi-do, Korea). The third
step was assessment of refractive-error examination. Refractive er-
rors were determined by a noncycloplegic autorefractor (HRK-
8000A; Huvitz), and subjective refraction was determined using a
phoropter (DU-7000; Dongyang, Korea) and auto chart projector
(CCP-3100; Huvitz). This was performed by monocular-fogging
method with cross cylinder, and followed by binocular balancing
to a standard end point of maximum plus for the best visual acuity.
The last step was binocular-vision tests. To assess the quality of the
general binocular-vision system, the following tests were performed
with the subjective refraction inplace. The vonGraefe techniquewas
used to determine phoria at near and at distance. Positive and
negative fusional vergence was measured using the prism-bar
method. The accommodative convergence/accommodation ratio
was measured using the gradient method. Positive and negative
relative accommodationweredeterminedbyaphoropter (DU-7000)
with auto chart projector (CCP-3100; Huvitz) at 40 cm. Monocular
and binocular accommodative facility was measured with a ±2.00 D
flipper. The near point of convergencewas evaluated by the standard
push-up technique. All tests were done three times repeatedly and
the average values were analyzed. The results of each of the tests
performed were first compared with the norms (Scheiman and
Wick15), and then were grouped according to their deviation from
the excepted values. The anomalies were than diagnosed following
the criteria of Scheiman andWick,15which are shown inTables 1 and
2, where we also have specified the number of signs we used to
classify the studentsundereachdiagnosis. Participantswhorevealed
symptoms of refractive errors and corrected with prescription
glasses were classified as refractive errors, and participants with no
symptoms in refractionandbinocular testswere classifiedasnormal.
All data were entered into a Microsoft Excel database (Microsoft,
version 2010). Analyses were conducted, followed by frequencies,
percentage, and correlation using SPSS (version 21.0 for Windows;
SPSS Inc., Chicago, IL, USA).

2.1. Informed consent and ethics approval or procedures

An informed consent was obtained from both the children and
their parents after explaining the nature of the tests to be per-
formed, and completed consent forms were obtained from the

parents or guardians of all children before the examination. The
local administration of the education and school board was con-
tacted to request their cooperation. After securing permission to
perform the study, an approval was obtained by the Association of
Korean University Ethics Advisory Committee.

3. Results

The prevalence of general binocular dysfunctions is summarized
in Table 3. Out of 589 participants, 168 participants (28.5%) pre-
sented with accommodative and/or binocular dysfunctions, 289
participants (49%) were classified as normal, and 132 participants
(22.4%) were classified as refractive errors. Of the 168 participants
with binocular dysfunctions, 53 participants (9.0%) presented with
accommodative dysfunctions, 78 participants (13.2%) presented
with vergence dysfunctions, and 37 participants (6.3%) had com-
bined accommodative and vergence dysfunctions.

In terms of accommodative dysfunctions, there was a higher
incidence of accommodative insufficiency (5.3%) than accommo-
dative infacility (2.5%) and accommodative excess (1.2%). For ver-
gence dysfunctions, the convergence insufficiency was the most
prevalent (10.3%) compared to the convergence excess (1.9%) and
the basic exophoria (1.0%). Of 37 participants, 23 (3.9%) had com-
bined accommodative insufficiencywith convergence insufficiency,
and it was more prevalent than the accommodative-excess-and-
convergence-insufficiency combination and the accommodative-
insufficiency-and-convergence-excess combination.

Table 4 shows the analysis of the prevalence of binocular dys-
functions in seven studies. Besides the authors of the studies, the
sample populations, and the number of participants, the prevalence
rates of binocular dysfunctions were compared and analyzed. Most
of the previous studies showed that accommodative dysfunctions
were more prevalent than vergence dysfunctions, excluding the
study of Lara et al.16 The highest prevalence of accommodative
dysfunctions was presented in the study of Shin et al14 and Garcia et
al,17 whereas the highest prevalence of vergence dysfunctions was
presented in the study of Shin et al.14 The prevalence rates of
accommodative dysfunctions and vergence dysfunctions were
higher in Shin et al14 and Garcia et al,17 studies, respectively. This is
because, in Shin et al14 and Garcia et al,17 the total participants
included only those with binocular dysfunctions, whereas in other
studies, the total participants include those with normal, refractive
error, and general binocular dysfunctions.

Fig. 1 shows the Pearson correlation of age, and vergence dys-
functions indicate that the strength of association between the
variables is very high (r ¼ 0.890), and that the correlation coeffi-
cient is very highly significantly different from p < 0.05. Also, 79%
(0.8902) of the variation in age is explained by vergence dysfunc-
tions (Fig. 2). There is an association between accommodative
dysfunctions and vergence dysfunctions that is a strength of cor-
relation (r ¼ 0.969) and that can be highly statistically significant
(p < 0.01). The 94% (0.9692) of the accommodative dysfunctions is
explained by vergence dysfunctions. However, there was no asso-
ciation between age and accommodative dysfunctions (Fig. 3).

4. Discussion

Nonstrabismic accommodative and vergence dysfunctions are
prevalent vision anomalies, which are encountered frequently in a
clinical setting. Many studies on the prevalence of accommodative
and vergence dysfunctions were done with various diagnostic
criteria, special characteristics of the populations, and the study
area.16e20 The present study was conducted based on the case
history and classification of general binocular dysfunctions ac-
cording to the data in the literature, although major differences
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exist.10 One of the differences is the study area. Our study was
performed in a rural region in South Jeolla province of South Korea.
In our study, 28.5% of the rural primary school students presented
with general binocular dysfunctions. Overall, vergence dysfunc-
tions were more prevalent than accommodative dysfunctions;

especially, convergence insufficiency (10.3%) was more prevalent
than accommodative insufficiency (5.3%).

We used the same diagnostic criteria as in the studies of Lara
et al16 and Porcar and Martinez-Palomera.20 However, the preva-
lence of general binocular dysfunctions was different because of the
characteristics of the study participants. In Porcar and Martinez-
Palomera's20 study, the participants were optometry-school stu-
dents who were required to do a significant amount of near
workloads. Thus, Porcar and Martinez-Palomera's20 study pre-
sented higher prevalence of accommodative and vergence dys-
functions (17% and 15.3%, respectively) than Lara et al's16 study, in
which their participants were not a student group.

There are studies with participant groups of primary-school
students. According to Shin et al,14 the prevalence of accommoda-
tive dysfunctions was 35.4% and the prevalence of vergence dys-
functions was 34.1% among the 9e13-year-old primary-school
students. In Shin et al's14 study of 114 children, 82 children (71.9%)
were symptomatic with general binocular dysfunctions, and the
prevalence rate was significantly high. Interestingly, both Shin
et al's14 study and our study were done in South Korea, but Shin
et al's14 study was based on an urban area (Daegu City), whereas
our study was based on a rural area (Hampyeong). Although our
study sample size was approximately two times larger than Shin
et al's,14 their prevalence rate of general binocular dysfunctions was
significantly higher than ours. Because children from an urban area
spend more time in study and less time in outdoor activities, their
required near workloads were higher, and this can lead to a
significantly high prevalence rate of binocular dysfunctions. Even
though our study sample was larger, the prevalence rate of general
binocular dysfunctions was relatively lower.

In our study, the prevalence of general binocular dysfunctions
was distinguished from other studies. Numerous study results
agreed that accommodative dysfunctions were more prevalent
than vergence dysfunctions,14,17,19e21 whereas in the present study,
the prevalence of vergence dysfunctions was higher. For example,
in Hokoda's21 study, the prevalence of accommodative dysfunc-
tions was significantly higher than that of vergence dysfunctions,
particularly accommodative insufficiency was the most prevalent.
In this particular study, 42.9% of the patients had jobs with near
workloads, and 39.5% of the patients were students with near
workloads. Therefore, near workloads can play a role in increased
binocular dysfunctions. In addition, in Mont�es-Mic�o’s19 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 accom-
modative dysfunctions; particularly, convergence insufficiency was

Table 1
Diagnosis criteria for classification of general binocular dysfunctions.

Convergence insufficiency
Symptoms are associated with reading or near tasks
Signs need to be present: signs 1e3 & 1 of 4e6
1 Moderate to high exophoria at near >6▵
2 Reduced positive fusional vergence at near �12/15/4 for blur, break, &

recovery (at least 1 of 3)
3 Receded near point of convergence �10 cm for break point
4 Low AC/A ratio <3/1
5 Fails binocular accommodative facility with þ2.00 D, �2.5 cpm
6 Low NRA �1.50 D

Basic exophoria
Symptoms are associated with distance & near tasks
Signs need to be present: signs 1e2 & 1 of 3e4
1 Exophoria of approximately equal magnitude at near & distance
2 Reduced positive fusional vergence at distance & near �12/15/4 for blur,

break, & recovery (at least 1 of 3)
3 Normal AC/A ratio
4 Fails binocular accommodative facility with þ2.00 D, �2.5 cpm

Convergence excess
Symptoms are associated with reading or other near tasks
Signs need to be present: signs 1e2 & 1 of 3e4
1 Significant esophoria at near >2▵
2 Reduced negative fusional vergence at near �9/17/8 for blur, break, &

recovery (at least 1 of 3)
3 High AC/A ratio, >7/1
4 Fails binocular accommodative facility with þ2.00 D, �2.5 cpm
5 Low PRA �1.25 D

AC/A ¼ accommodative convergence/accommodation ratio; cpm ¼ cycles per
minute; NRA ¼ negative relative accommodation; PRA ¼ positive relative
accommodation.

Table 2
Diagnosis criteria for classification of accommodative dysfunctions.

Accommodative insufficiency
Symptoms are associated with reading or other close work
Signs need to be present: signs 1e2 & 1 of 3e4
1 Amplitude of accommodation low for age, push-up accommodative

amplitude at least 2 D below Hofstetter's calculation for minimum
amplitude: 15 � 0.25 � age

2 Difficulty clearing �2.00 D with monocular accommodative facility,
�4.5 cpm

3 Difficulty clearing �2.00 D with binocular accommodative facility,
�2.5 cpm

4 Low PRA, �1.25 D
Accommodative infacility
Symptoms are associated with reading or other work
Signs need to be present: signs 1e3; 4 may or may not be present
1 Normal amplitude of accommodation
2 Difficulty clearing ±2.00 D with monocular accommodative facility,

�4.5 cpm
3 Difficulty clearing ±2.00 D with binocular accommodative facility,

�2.5 cpm
4 Low PRA & NRA, PRA �1.25 D & NRA �1.50 D

Accommodative excess
Symptoms associated with reading or other work
Signs need to be present: signs 1e2 & 1 of 3e5
1 Variable visual acuity findings
2 Variable objective & subjective refraction
3 Difficulty clearing þ2.00 D with monocular accommodative facility,

�4.5 cpm
4 Difficulty clearing þ2.00 D with binocular accommodative facility,

�2.5 cpm
5 Low PRA, �1.50 D

AC/A ¼ accommodative convergence/accommodation ratio; cpm ¼ cycles per
minute; NRA ¼ negative relative accommodation; PRA ¼ positive relative
accommodation.

Table 3
Prevalence of general binocular and accommodative dysfunctions.

Classification N %

Accommodative dysfunctions 53 9.0
Accommodative insufficiency 31 5.3
Accommodative infacility 15 2.5
Accommodative excess 7 1.2

Binocular dysfunctions 78 13.2
Convergence insufficiency 61 10.3
Basic exophoria 6 1.0
Convergence excess 11 1.9

AD combination with BD 37 6.3
Convergence insufficiency with accommodative insufficiency 23 3.9
Convergence insufficiency with accommodative excess 6 1.0
Convergence excess with accommodative insufficiency 8 1.4

Refractive errors 132 22.4
Normal 289 49
Total 589 100

AD ¼ accommodative dysfunctions; BD ¼ binocular dysfunctions.
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the most prevalent, followed by accommodative insufficiency
(10.3% and 5.3%, respectively). In addition, the prevalence of the
combination of convergence insufficiency with accommodative
insufficiency was significant (3.9%). Similar to our results, in Shin
et al's14 study, convergence insufficiency was the most prevalent,
followed by accommodative insufficiency (28% and 18.3%, respec-
tively). Our study, as well as Shin et al's14 and Hokoda's21 studies,
presents the relationship between general binocular dysfunctions
and amount of near workloads.

In this study, vergence dysfunctions, particularly convergence
insufficiency, were the most prevalent, because the participants of
the study were primary schoolchildren who are required an
extensive amount of near workloads during studying and learning.
Recent studies22e29 agreed with our results. These findings suggest
that, in schoolchildren, it is important to give a thorough eye ex-
amination, including tests for binocular vision, to detect general
binocular dysfunctions. Also, it is necessary to have a thorough eye
examination to find an appropriate treatment plan for symptomatic
participants to improve their vision efficiency and daily lives.
Although, in our study, the prevalence of general binocular dys-
functions among primary schoolchildren was limitedly focused, it
would be useful to study the relationship prevalence of general
binocular dysfunctions and academic achievement in a rural area of
South Korea in future studies.

Nonstrabismic accommodative and vergence dysfunctions
commonly occur among primary schoolchildren. The prevalence of
general binocular dysfunctions in a rural area among Korean
schoolchildrenwas 28.5%. We have also shown a high percentage of
vergence dysfunctions compared to accommodative dysfunctions,
with convergence insufficiency (10.3%) and accommodative insuf-
ficiency (5.3%) being the most prevalent dysfunctions. Therefore,
accommodative and vergence insufficiency are more common
dysfunctions in the rural area of South Korea. Understanding the
prevalence of general binocular dysfunctions in Korean school-
children would be useful who are interesting the prevalence of
general binocular dysfunctions. Future studies should compare
general binocular dysfunctions in Korean populations of all ages in
order to gain a better understanding of their prevalence.
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