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Abstract

Background: The ability to read efficiently
and comfortably is important in the intellectual
development and academic performance of a
child. Some children experience difficulties when
reading due to symptoms related to near vision
anomalies.

Aim: To explore the feasibility of conducting
a large study to determine the prevalence,
distribution and characteristics of near vision
anomalies in high school children in Empangeni,
South Africa.

Methods: The study was a cross sectional
descriptive pilot study designed to provide
preliminary data on prevalence, distribution
and characteristics of near vision anomalies
in a sample of high school-children in South
Africa. Study participants comprised 65 Black
children (30 males and 35 females), ages ranged
between 13 and 19 years with a mean age and
standard deviation of 17 + 1.43 years. The visual
functions evaluated and the techniques used
included visual acuity (LogMAR acuity chart),
refractive error (autorefractor and subjective
refraction), heterophoria (von Graefe), near
point of convergence (push-in-to-double),
amplitude of accommodation (push-in-to-blur)
accommodation facility (= 2 D flipper lenses),
relative accommodation, accommodation
response (monocular estimation method) and
fusional vergences (step vergence with prism
bars). Possible associations between symptoms
and near vision anomalies were explored using a

20-point symptoms questionnaire.

Results: Prevalence estimates were: Myopia
4.8%, hyperopia 1.6% and astigmatism 1.6%.
For accommodative anomalies, 1.6% had
accommodative insufficiency while 1.6% had
accommodative infacility. For convergence
anomalies, 3.2% had receded near point of
convergence, 16% had low suspect convergence
insufficiency, no participant had high suspect
convergence insufficiency, 1.6% had definite
convergence insufficiency and 3.2% had
convergence excess. Female participants reported
more symptoms than the males and the association
between clinical measures and symptoms were
not remarkable.

Conclusion: Although the overall prevalence
of near vision anomalies was low, convergence
anomalies were found to be more prevalent
than refractive and accommodative anomalies.
Symptoms were not significantly associated
with near vision anomalies. Overall, the pilot
project reveals that it is feasible to conduct the
study on a large scale with minor modifications.
Identification and referrals for near vision
anomalies are important steps towards diagnosis
and treatment which will minimize discomfort
with reading and subsequent poor performance
which may be associated with such anomalies. (S
Afr Optom 2014 73(1) 21-32)
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Introduction

The ability to read efficiently and comfortably
is important in the intellectual development and
academic performance of a child'. Often, optometrists
see patients with complaints of blurred vision at
near, diplopia, headaches, eye strain, watery eyes
and ocular fatigue during reading. These symptoms,
which are often related to near vision anomalies
(NVAs) create discomfort and impair efficient near
tasks including reading, writing or computer-based
work 2. For the school-aged child, especially those
in high school, such symptoms tend to increase as the
child progresses through school when there is greater
demand on the accommodative and vergence system
for sustained clear vision due to prolonged reading
and increased information processing' 2. Near vision
anomalies affect clarity, binocularity, impair comfort
and efficiency of visual performance of an individual
particularly when near tasks are performed'-*. Aspects
of near vision anomalies of interest in the present
study include refractive errors (myopia, hyperopia,
astigmatism and anisometropia), accommodative
(accommodative insufficiency, excess and infacility)
and vergence (convergence insufficiency and/
or excess, fusional vergence dysfunction and
heterophoria). Reading is the process of extracting
meaning from written text and it is a fundamental
aspect of learning and hence education of a child
°. An adequate interaction and coordination of the
refractive, accommodative and vergence systems is
essential to read efficiently'. Rity et a/°®found that of
the total amount of time a child spends at school on
academic activities, 54% was spent doing near work,
tasks that require shifting focus from distance to
near and from near to distance took 21% of the time,
while 25% was spent on distance work. A traditional
approach to identifying vision anomalies in the school
setting is through vision screenings. Invariably, most
school vision screenings are inadequate as most eye
tests performed focus on visual acuity and refractive
errors’ giving less emphasis to visual parameters
related to NVAs. Near vision anomalies have
various negative consequences >!’. Convergence
insufficiency (CI) has been associated with attention
deficit hyperactivity disorder (ADHD) *!', anxiety,
emotional and social problems '*'* and lowered
academic achievements '*'5. In addition, NVAs are
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prevalent in populations of children with reading
difficulties'> '®and dyslexia'’.

Although the assessment of an individual’s
binocular vision status related to NVAs constitutes
an important part of optometric practice, studies
in this area of eye care show diverse findings due
to the methodological challenges in conducting
such studies in a school setting on a large scale'®".
However, studies?* have attempted to characterize
various aspects of NVAs in unselected populations of
school children though no available studies that related
refractive errors to near vision functions could be
found. Accommodative anomalies have been reported
but mainly on accommodative insufficiencies (Al). The
prevalence of Al using various criteria ranged between
2.3% and 24% 26 28 303235 accommodative excess
ranged between 1.8-3.7%'* 3 while accommodative
infacility (AIF) and poor accommodative facility
ranged between 12.3% and 53%%*%. For convergence
anomalies, CI was most studied? 3% 374043 and was
defined using either the single criteria of receded near
point of convergence (NPC) of > 10 cm**3*7:4* or the
multiple criteria recommended by the convergence
insufficiency research study (CIRS) groups**-*° (Table
1). The prevalence range of CI for school aged children
(aged between 6 and 18 years) when defined using the
single criteria is 6-18%* 3*-37-43 while the range using
the multiple criteria is between 2.1 and 33% 2628324041,
The distribution of exophoria > 2 pd ranged between
1.3% and 22%?" 3" * and esophoria ranged between
1.4% and 11.9%?" % *. This review of the literature
reveals variations in the reported prevalence estimates
which may be related to the differences in measurement
techniques and criteria applied to define the parameters
studied. Identified limitations with previous studies
include lack of recent studies on the epidemiology of
NVAs as well as limited studies on how ethnicity, race,
age, gender, geographic location, or socio-economic
status influence near vision anomalies. Furthermore, no
known studies were found that specifically investigated
the prevalence of NVAs in high school children in
South Africa. Two studies**?* in South Africa studied
aspects of accommodative and vergence anomalies
in primary school children (PSC). In Metsing and
Ferreira,® 80 learners aged between 8 and 13 years
were enrolled after seven were excluded due to their
poor responses to all the tests performed. The concerns
of inter-examiner variability were not addressed as data
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was collected by several clinicians under the guidance
of the principal investigator. Moodley**retrospectively
analyzed data from a vision screening of 264 children
aged 6-13 years in Durban. The findings from both
studies **-** are integrated in the discussion section of
this paper. Although both studies*** are relevant in
providing baseline information on accommodative
and vergence functions on school children in South
Africa, the convenience sampling method which
limits generalization of findings were used to select
participants for the studies and both studies*?* were
conducted on PSC. Given that accommodative and
vergence anomalies are functionally related to near
point activities" * 7, PSC are less prone to engage in
intense near task demands which may be the trigger
to NVAs®. Also, younger children may experience
more difficulty responding to the subjectiveness of
some tests used to assess accommodative and vergence
functions. In addition, aspects of these studies**** were
limited in the classification of accommodative and
vergence anomalies which are clinically meaningful
when classified as syndromes*”*. Thus, the prevalence
of aspects of near vision anomalies such as refractive
errors in relation to near vision functions, convergence
insufficiency (CI), convergence excess (CE) and fusion
vergence dysfunction (FVD) as well as accommodative
insufficiency (AI), accommodative excess (AE) and
infacility (AIF) and the distribution of heterophoria in
high school children in South Africa are unknown.

A consideration of the clinical importance, the
possible negative consequences of NVAs and a
lack of data on the epidemiology of NVAs in high
school children in South Africa has motivated
the current study. A study on the epidemiology of
NVAs in high school children is significant firstly,
as it will enable identification of learners in the
population that require intervention and secondly
guide clinicians and researchers in knowing the
expected prevalence, distribution and characteristics
of NVAs. Epidemiological studies will provide
clues towards determining the possible etiology of
anomalies by identifying the associated risk factors.
The current study is a pilot project and the aim was
to investigate the feasibility of conducting a larger
study, and to derive prevalence estimates which
will guide determination of appropriate sample size
for the main study. The feasibility objectives of the
pilot study include a review of the process, resources
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management, instrumentation, logistics, scientific
questions and participant issues /.

Methods

This pilot study was a cross sectional descriptive
study designed to provide preliminary empirical
information on prevalence, distribution and
characteristics of NVAs in a population of high
school children in South Africa. The study protocol
was approved by the Biomedical Research Ethics
Committee of the University of KwaZulu-Natal
Durban, South Africa. Written informed consent
for access to the schools was obtained from the
Department of Education and from the school
principals. Information leaflets, the consent and
assent forms which were written in both the English
language and the learners’ native language (isiZulu).
They were distributed to all learners and their parents.
In the information leaflets, the purpose and procedure
of the study were explained. Parental consent was
obtained from parents and assents from learners.
The purpose and test protocols were also verbally
explained to the learners before the eye examinations
started. Overall, the conduct of the study complied
with the Declaration of Helsinki regarding research
on human subjects *.

The study was conducted at a high school in
a rural location in uMhlathuze municipality in the
province of KwaZulu-Natal, South Africa. The
uMhlathuze municipality is an administrative area in
the uThungulu district of KwaZulu-Natal and the City
of uMhlathuze is situated on the north-east coast of
the province of KwaZulu-Natal, approximately 170
kilometers north-east of Durban *°.

Participants

The target population for the main study is Black
high school learners in the uMhlathuze municipality.
The participants for the pilot study comprised 65
learners (30 males and 35 females) who were selected
using simple random sampling. To be included,
learners had to be developmentally normal children,
of Black race and of either gender. Learners were
excluded from the study if they had any systemic
conditions, were on any systemic medication that
may affect accommodation or vergence functions, had
amblyopia, suppression, strabismus, ocular diseases

N



S Afr Optom 2014 73(1) 21-32
or nystagmus.
Materials and procedure

The school principal provided a room at the
school venue where the visual examinations were
conducted. To ensure that the participants understood
all the instructions, trial testing was performed for
seemingly complex tests such as accommodative
facility and fusional vergences. The applicability
of all the techniques was confirmed by performing
the techniques on patients (of similar age ranges as
in present study) seen at the first author’s practice
over a period of six weeks. This exercise revealed
that fusion vergence measurements using the von
Graefe technique to be difficult to comprehend by the
learners and therefore not feasible to use. Following
random selection, learners were given consent forms
for their parents to sign. The response rate was 100%
as all learners had parental consent and assented to
participate. Due to the nature of the study, it was not
possible to mask the researchers from the participants.
However, attempts were made to minimize bias.
First, the symptoms questionnaires were handed
to the learners to complete at the entry point of the
data collection. To avoid collaborations and thereby
minimize bias, learners were meant to sit aside
from one another. The assistant who collected the
learners’ demographic details worked independent
of the optometrists and therefore the optometrist was
not aware of the symptoms reported by the learners.
In addition, validated optometric equipment was
used, test procedures and testing conditions across
participants were standardized and where relevant, an
average of three test measurements was taken. Data
were collected by experienced optometrists who were
skilled in measuring all the parameters of interest
while the principal investigator ensured that the
testing protocol was adhered to. The statisticians who
analyzed the data were not optometrists and therefore
free of bias towards the data.

All vision tests were performed over a period of
two weeks in the month of February 2013, usually
from 8 am till 1:30 pm daily except weekends. The
compliance to the data collection protocol during the
testing was monitored by the principal investigator.

All vision tests were performed in two stations
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by the first author and another optometrist with
one examiner assigned to a station thus eliminating
possible inter-examiner variability. The instruments
and the procedures used in this study followed the
techniques described in standard optometric texts #3051
and were used in previous studies’**. All near tests
were performed at 40 cm and the tests performed
in the first station include visual acuity which was
assessed using the Logarithm of Minimum Angle of
Resolution (LogMAR) chart (Precision Vision, USA)
at both distance and near. Refractive errors were
determined objectively using an autorefractor (MRK-
3100; Huvitz, Gunpo, Gyeonggi, South Korea) and
subjectively with a monocular fogging method with
cross-cylinder, followed by binocular balancing to
a maximum plus for best VA. Subjective data was
used for analyses as in other studies? 3> 52 as the
objective findings would be inappropriate for the
subsequent near tests. Spherical lenses (2 D) were
used to screen for latent hyperopia as cycloplegia
was not applied. Cycloplegic refraction was not
performed as it would have disrupted the sequence
of testing for near vision functions and it was not
always easy as school principals were sometimes
unwilling to permit learners leaving class frequently
(a previous study * in Durban highlighted parental
refusal to the use of cycloplegia on their children).
Suppression was evaluated at near using the Worth-
4-dot test (Bernell Corporation, Mishawaka Inc,
USA), stereopsis was assessed using the Random
dot stereo test (Vision Assessment Corporation).
Ocular motility was assessed using the Broad-H-test
and recorded as SAFE (smooth, accurate, and with
full extent of movement) and rated from 4 to 1 (4 for
smooth and accurate, 3 represents a fixation loss, 2 for
fixation losses and 1 for more than two obvious jerky
movements).

All vision tests in station two were measured
three times and the average was used for analysis.
The unilateral cover test was performed first to rule
out strabismus. The following tests were performed
with the refractive results in place. Distance and near
heterophoria was evaluated using the von Graefe (VG)
technique in a specially-designed phoropter tripod.
The amplitude of accommodation (AA) was measured
monocularly and binocularly using Donder’s push-up
method with a Royal Air Force (RAF) near point rule
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(Clement Clarke International). The accommodative
facility (AF) was assessed monocularly and
binocularly using a + 2 D lens flippers* ***! without
suppression control as learners who suppressed were
excluded. Accuracy of accommodation was evaluated
using the monocular estimation method (MEM)* 3!
and relative accommodation was measured using the
phoropter* **>!. Ocular health status was evaluated
using a direct ophthalmoscope* **5'. Fusional
vergences at near were measured using a horizontal
prism bar. It was difficult to obtain reports on blur
points therefore only break and recovery points
were used in the analysis. Similar to some published
studies ** °>*° the von Graefe technique was used to
assess heterophoria and prism bars to measure fusional
vergences. In contrast to the von Graefe vergence
technique, the prism bar is a preferred tool in a
screening setting as it is quicker, allows viewing eye
movements and is easier for school-aged children >,
A 20-pointsymptoms questionnaire, modified from
the Convergence Insufficiency Symptoms Survey
(CISS)* and the College Of Optometrist in Vision
Development (COVD)* quality of life symptoms
survey was administered to the learners at the initial
stage of the examination before visual acuity was
assessed. The CISS>® consists of 15 questions about
symptoms and is categorized into two subscales.
The performance-related subscale which consisted
of six symptoms including loss of concentration,
loss of place with reading, reading slowly, trouble
remembering what was read, getting sleepy while
reading and having to re-read lines. The eye-related
subscale consists of nine symptoms specific to visual
function or asthenopic-type complaints (such as eyes
hurt, diplopia, blurred vision, headaches, eye tiring,
sore, words that move and jump, uncomfortable
eyes and pulling sensations around the eyes) *°.
Although non-validated symptoms survey were
used in some studies’’ *% in the current study,
the questionnaire was modified by selecting fewer
questions from the COVD survey and expanded on a
few questions from the CISS survey . The purpose of
the symptoms questionnaire was only to gain insight
into the frequency and types of asthenopic symptoms
prevalent among high school children, which may
impair efficient reading. Hence, the researchers did
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not deem it necessary to validate the questionnaire
as that was not the main focus of the study. Also,
neither the CISS survey nor the COVD embraced all
the potential symptoms likely to be associated with
our parameters of interest and several questions on
the COVD questionnaire were not relevant to the
purpose of this study. The responses from the survey
were analyzed in relation to the clinical measures
and gender of the children. The non-validation of the
survey may not have compromised the validity of
the findings as the symptoms scores were not used to
predict or diagnose CI.

Classifications of outcome variables

The criteria for refractive findings were based on
specified cut-offs**" and the refractive status was
assigned based on the eye with the greater refractive
error (RE)*-%°. Spherical equivalent (sphere + 1/2
cylinder) was used only to summarize the REs
and were not used for further analysis. As shown
in Table 1 various criteria was used to classify
accommodative* 18 26 28 2935 convergence® 254!
anomalies and heterophoria,”:3!. For CI, the CIRS 34
criteria were applied while the other criteria were used
to classify CE and FVD #2832,

Data analysis

All data were entered on Microsoft Excel and
reviewed by the first author and all analyses were
done using the Statistical Package for Social Sciences
(SPSS) wversion 21. Descriptive statistics were
presented with means and standard deviations while
distributions of variables were presented in text and
histograms. Proportions and corresponding 95%
confidence intervals were presented as an estimate
of the prevalence. The Chi-squared test was used
to investigate possible relations between outcome
variables and gender. Kendall’s Tau correlation, a non-
parametric test which makes no assumptions about the
distribution of data was used to investigate possible
associations between variables and symptoms. The
data for stereopsis, Worth-four-dot and Broad-H-test
were not reported in detail as they were used only for
exclusion purposes.

A

ISSN 0378-9411



S Afr Optom 2014 73(1) 21-32 SO Wajuihian and R Hansraj - Near vision anomalies in Black high school children in Empangeni, SA: A pilot study

Table 1: Diagnostic criteria for refractive, accommodative and vergence anomalies

Variable /Diagnostic criteria

Refractive Errors

Hyperopia > 0.75 D

Myopia>— 0.50 D

Astigmatism > —0.75 D cylinder

Anisometropia > (.75 sphere or cylinder between both eyes

Emmetropia <—0.50 D, <0.75 D and <—0.75 D cylinder

Accommodative Anomalies

Accommodative Insufficiency

(1) Reduced amplitude of accommodation. Push-up monocular accommodative amplitude at least 2 D below
Hofstetter’s calculation for minimum amplitude: 15 — 0.25 Age (years)

(2) High monocular estimation method (MEM) retinosocopy > 0.75

(3) Fails monocular accommodative facility (MAF) testing with =2 D < 6 cpm.

(4) Fails binocular accommodative facility (BAF) testing with —2 D, < 3 cpm
Accommodative Excess

(1) Low MEM < 0.25

(2) Difficulty clearing 2 D with MAF, < 6 cpm.

(3) Fails BAF with 2 D <3 cpm.

Accommodative Infacility

(1) Fails BAF and MAF using + 2 D lenses, monocular < 11 cpm, binocular < 8 cpm
(2) Positive relative accommodation (PRA) <—2 D, Negative relative accommodation (NRA) <+2.37 D.
Convergence anomalies

Convergence Insufficiency

(1) Exophoria at near

(2) Exophoria (@ near greater than at far [(> 4 prism diopter (pd)]

(3) Insufficient positive fusional vergence (PFV) (i) fails Sheard’s criteria or (ii) poor positive fusional vergence
(PFV) atnear <12 pd. Base out (BO) to blur or < 15 pd BO break/
(4) receded NPC > 7.5 cm break or > 10.5 cm recovery.

Convergence insufficiency diagnostic groups:
(1) Low suspect CI (exophoria @ near which is >4 pd greater in magnitude than the distance phoria and clinical
sign #1).
(2) High suspect CI (exophoria at near, and two signs or clinical sign 1 and 2 plus 3 or 4 (that is, low suspect
plus clinical sign 3 or 4).
(3) Definite CI (all clinical signs must be present).
Convergence excess
(1) Significant esophoria at near > 2 pd.
(2) Reduced negative fusional vergence (NFV) at near < 8/16/7 for blur/break/recovery (1 of 3)
(3) High MEM (= 0.75 D)
Fusional vergence dysfunction
(1) Reduced PFV and NFV
(2) Normal phoria
(3) Low refractive errors

Heterophoria (near) Exo: > 6 pd, Eso: >4 pd
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Results

A total of 65 learners (30 males and 35 females)
were initially enrolled for the study. One learner had
amblyopia and was excluded; one was aged 22 years
while the third suppressed the right eye and was
excluded. Eventually only 62 learners participated in
the study. The ages of the participants ranged between
13 and 19 years with mean age and standard deviation
of 17 £ 1.43 years. Of the 62 participants, 33 (54%)
were female (mean age and SD = 17.3 + 1.2 years)
and 29 (46%) were male (mean age and SD =17.2 £+
1.6 years). There was no significant difference in age
between male and female cohorts (p=0.78).

About 95% of participants had unaided visual
acuity of 0 LogMAR visual acuity (6/6) and better for
both distance and near. Only the right eye refractive
values were analyzed as mean spherical equivalent
right and the left eyes were the same (— 0.25 + 0.46)
range (—0.75-0.75). The mean and standard deviation
for the outcome variables were: NPC 5.30 + 1.35 cm
(range, 5-14 cm), monocular AA, 17.96 +3.23 D

Table 2: Prevalence of outcome variables
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(range 3-20 D), MAF 10.7 + 2.22 cpm (range 5-15
cpm), AR 0.13 D (range 0.25-0.75 D), PFC 33.91 +
12.87 pd (range 4-45 pd), exophoria, 3.07 = 2.03 pd
(range 0-12 pd), esophoria, 2.67 £+ 1.5 pd (range 0-6
pd).

Analysis of the association between gender and
the clinical signs revealed no significant relationship
between gender and the following clinical signs:
NPC, ¥*=1.76, p = 0.19, exophoria at near, y*= 0.71,
p =0.87, PFC, y*=1.52, p =047, y*= 037 p = 0.54
monocular AA, > = 0.79 p = 0.37, binocular AA,
= 1.41 p = 0.234, binocular AF with 2 D lenses, ¥
= 0.168 p =0.68, binocular AF using 2 D lenses y*=
0.39 p = 0.532. Further analysis was performed to
determine whether the sometimes or always response
was more frequent among the participants in various
symptoms types. The sometimes response was higher
in all symptoms categories. More females consistently
responded to the always response in all 20 symptoms
questions (Figure 1) whereas males responded higher
to the sometimes response in 11 out of 20 questions
while females responded to 9 out of 20 symptoms
questionnaire (Figure 2).

Classification n % Frequency
Refractive anomalies
Myopia (RE) 3 4.83
Hyperopia (RE) 1 1.61
Astigmatism (RE) 1 1.61
Anisometropia 0 0
Accommodative anomalies
Accommodative Insufficiency 1 1.61
Accommodative excess 0 0
Accommodative infacility 1 1.61
Poor accommodative facility (monocular) 1 25
Poor accommodative facility (binocular) 4 6.7
Vergence anomalies
Receded NPC 2 3.2
Convergence Insufficiency

* Low suspect 10 16

0

» High suspect 1 1.61

* Definite
Convergence excess 2 3.22
Fusional vergence dysfunction 0 0
Distribution of heterophoria
Exophoria 5.76
Esophoria 1 1.61
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The possible relationships between the clinical
measures and the 20 points symptoms were
investigated using Kendall Tau correlation tests. The
analysis revealed an inverse correlation between
the following clinical signs and symptoms for the
following questions; ql13 (Do you have to re-read
the same line of words when you read?) in relation
to binocular AF with positive lenses (» = — 0.368, p
<0.05) q13 and binocular AF with negative lenses (r
= —0.298, p<0.05), q15 (Do your eyes water when
you read?) and binocular AF with negative lenses (r =
—0.247, p <0.05). For the remaining clinical measures
and symptoms, the responses were similar. Overall,
there was no relationship between clinical signs and
symptoms as the never responses were statistically
greater in the anomalous subgroup than the normal
subgroup in most cases.

Discussion

In this pilot study, the feasibility of conducting a
large scale study on near vision anomalies in high
school children was investigated. A higher prevalence
of convergence anomalies than accommodative and
refractive anomalies was found. This pilot project
also revealed that it is possible to conduct the main
study on a large scale with minor modifications. In
relation to other studies, the 1.6% prevalence of
hyperopia is comparable to findings from other studies
which ranged from 1.24 to 1.81% 2223, the 4.8%
prevalence of myopia is similar to the 4.05% reported
by Niroula and Saha ** but lower than the 2.9%
reported by Naidoo et al?’. The 1.6% prevalence of
astigmatism is similar to 1.14% reported by Niroula
and Saha 2 but lower than 6.7% reported by Naidoo et
al?. In relation to near vision performance, refractive
corrections alleviate asthenopic symptoms common
in binocular anomalies 2> 3°. Similar to RE results, the
findings on accommodative anomalies were relatively
low. The 1.61% prevalence of Al is lower than that
from other studies **2* 32 and the differences in the
prevalence estimates may be due to differences in
measurement technique and criteria used in various
studies. The finding on AIF (1.6%) is lower than the
13.4% reported by Shin et al/*? even though Shin et al
32 applied multiple criteria to define AIF as in current
study. Shin et al** studied primary school children.
Metsing and Ferreira ** reported that 12.3% of the
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participants had poor AF whereas Moodley * found a
much higher proportion of poor binocular AF (30%)
which is comparable to our findings of 25% for poor
AF, although they *** studied younger children aged
between 6 and 13 years. No participant had AE in the
current study. Overall, the prevalence estimates on
the syndromes of accommodative anomalies (Al AIF
and AE) in the current study were lower than findings
from studies on non-African populations *% 2% 32, The
small sample size may limit firm conclusion from
the current study and differences in findings across
studies may be related to differences in measurement
techniques and criteria applied in the studies.

For convergence anomalies, if the remote NPC
criterion is applied to define CI, the 3.2% in the current
study is lower than the reported range of between 6 and
18% from previous studies **-*!:367.4 The difference
here may be related to methodological differences
involving the ages of participants®’. Defining CI
using the NPC single criteria may limit interpretation
as usually CI is defined as a syndrome of clinical
signs®. For studies that applied the CIRS criteria,
the findings of the current study on CI [low suspect
n=10 (16 %); high suspect (none); definite 1 (1.6%)]
are comparable to a pilot study of 35 school children
by Rouse et al’® in some ways: a higher prevalence
of low suspect CI, n=8 (33.3%), high suspect, n=1
(4.2%), definite n=1 (4.2%) but contrasts with the
findings from other studies: Rouse et al* reported the
total prevalence of CI to be 21.4%; classified as: low
suspect (8.4%), high suspect (8.8%) and definite (4.2%).
Marran et al”® reported the prevalence of CI was 14.7%
for CI types 1 and 2. In the study by Borsting ez al* the
total prevalence of CI of 17.3% (4.6% had three signs of
CI and 12.7% had two signs of CI). For convergence
excess, the prevalence of 3.2% found in the current
study is higher than the 0.8% reported by Borsting
et al *’but lower than the 2.4% reported by Shin et a/**
and 5% by Marran et al*®. For heterophoria at near target
distances, only the study by Abdi et al *' applied a similar
definition as for the current study (> 6 pd for exophoria and
>4 pd for esophoria) although they measured heterophoria
using the cover test technique. The reported prevalence of
near exophoria was 8.8% and esophoria was 1.4%. The
findings of the current study of 5.7 % exophoria are
lower than those reported by Abdi e al’! whereas the
1.6% prevalence of esophoria is comparable to theirs.
The differences in techniques and criteria between the
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two studies limit comparisons.

In summary, given that the nature and amount of
near tasks affect near vision performance * 7 6% a
high prevalence of low suspect (borderline cases)
CI and relatively high frequency of near horizontal
heterophoria suggests that such participants might
develop more definite CI when their near task
demands increase. For the symptoms, these findings
of never responses being statistically greater in the
anomalous subgroup than the normal subgroup suggest
that the asthenopic symptoms are not good indicators
of NVAs. A reason for a lack of correlation between
symptoms and clinical measures (a finding consistent
with other reports °" **), may be that the symptoms of
asthenopia are nonspecific and not differentiated on the
basis of the causative factor %3, Other possible reasons
are that some subjects may avoid near activities to
eliminate symptoms® or that the learners do not engage
in intensive near point activities to generate symptoms.

For the always response, females responded more
positively in all 20 symptoms questions and almost
equal number of positive sometimes response with
males (Figure 1). This suggests that females may have
more symptoms more frequently than males or that
more females are more likely to report their symptoms
more frequently than males. Overall, the relatively
low prevalence of near vision anomalies may mean
that the learners did not engage in much near point
activities which may trigger anomalies or that it may
be necessary to measure the accommodative and
vergence parameters after near work. On feasibility
objectives, the pilot study revealed that all techniques
were age-appropriate as learners understood the test
instructions and questionnaires adequately.

There are some limitations which may preclude
firm conclusions to be drawn from the study findings.
The relatively small sample size limits generalization.
The symptoms questionnaire was not validated.
In addition, the use of the von Graefe technique to
assess heterophoria and fusional vergence would
have allowed for consistency in approach although
the findings were used only to categorize the three-
sign CI which had only one case (1.6%) frequency.
However, this study was a screening survey requiring
fast and simple techniques and therefore the use of
a more complex technique such as the von Graefe
fusional reserves technique in a non-clinic setting
would be complicated for the learners to understand
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and perform. Despite these possible limitations, the
study is relevant as a feasibility project to researchers
who wish to design similar studies and findings from
the study provide preliminary data on the prevalence
of NVAs in high school learners. The study design
will be modified according to the concerns as stated
above. For example, the validated version of the CISS
questionnaire is already in use to collect data related
to convergence insufficiency in the main study.

Conclusion

Although the prevalence of NVAs was relatively
low, convergence anomalies were found to be higher
than refractive and accommodative anomalies.
Symptoms of asthenopia were prevalent in this
sample of school children although was not strongly
associated with near vision anomalies. This pilot
project reveals that it is highly feasible to conduct
the study on a large scale with some modifications.
Identification and referrals for near vision anomalies
are important steps towards diagnosis and treatment
which will minimize discomfort with reading
and subsequent poor performance which may be
associated such anomalies.
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