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Abstract

Background:   Reading difficulties constitute an 
impediment to the learning process and in the edu-
cational achievement of a child. Consequently, sev-
eral studies examined the visual status of dyslexic 
children in the Caucasian populations. Such stud-
ies are lacking in the African populations. Aim: To 
determine the prevalence of vision defects and in-
vestigate if there is an association between dyslexia 
and vision in a South African population of dyslexic 
school children.  Methods:  This comparative study 
assessed the visual function of 62 children (31 dys-
lexic and 31 normally-reading children), mean age 
13 ± 1.42 years and 11.90 ± 0.93 years respectively. 
The participants were matched for gender, race and 
socio-economic status. The visual functions evalu-
ated and the techniques used were: visual acuity 
(LogMAR acuity chart), refraction (static retinos-
copy), ocular alignment (cover test) near point of 
convergence (RAF rule), accommodation facility 
(± 2 D flipper lenses), amplitude of accommoda-
tion (push-up method) relative accommodation 
(trial lenses) accommodation posture (monocular 
estimation technique) and vergence reserves (prism 
bars). Results:   In the following, results are  pro-

vided for the dyslexic versus control:  Refractive 
errors: (hyperopia 6.5% vs 3%,) (myopia 6.5% vs 
6.5%), (astigmatism 10% vs 13%), (anisometropia 
6.5% vs 6.5%) (amblyopia 6.5% vs 0%), (remote 
NPC 33% vs 48%) (esophoria at near 3%  vs 0%) 
(exophoria at near 9.5% vs 0%), (accommoda-
tive infacility at near  54% vs 33%), lag of ac-
commodation 39.28% vs 41,93%,  (poor positive 
fusional amplitude at near, 25% vs 16%). Only 
the binocular accommodative facility at near was 
significantly associated with dyslexia (p=0.027). 
Conclusion: The prevalence of vision defects was 
similar between the dyslexic and non-dyslexic 
participants, which suggest that an association be-
tween dyslexia and vision variables investigated, 
cannot be inferred.  This study provides a research 
perspective on the prevalence of vision defects in 
a Black South African population of dyslexic chil-
dren and has clinical relevance and implications 
for the assessment, detection and management of 
vision anomalies in dyslexic schoolchildren. (S 
Afr Optom 2011 70(1) 29-43)
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et al7 found the dyslexic group to be slower than the 
control group when performing the accommodative 
facility (AF) test. In contrast, Buzzelli5 found that the 
dyslexic subjects showed better AF than the control 
group, although there was no statistically significant 
relationship between the two groups (p=0.629). Evans 
et al7 reported no statistically significant difference 
between the dyslexic and the control groups (p>0.68, 
unpaired t-test) in accommodation lag. The incidence 
of fusional amplitude at near was higher in the dyslex-
ic (7.5%) than in control (6.1%) group as reported by 
Latvala et al8 and at distance, they found fusional am-
plitude to be higher in the control (12.2%) than in the 
dyslexic (9.4%) group. Ygge et al11 and Goulandris 
et al6 found that the two groups performed similarly 
in fusional reserves at both distance and near whereas 
Evans et al7 reported that both negative and positive 
fusional reserves were reduced in the dyslexic rela-
tive to the control group.  Stein et al15 reported that 
67% of the 36 dyslexic participants in their study had 
abnormal vergence control. 

Given the scarcity of optometric literature and re-
search on visual status of dyslexic schoolchildren in 
South Africa, the primary aim of this study, therefore, 
was to determine the prevalence of visual defects 
(visual acuity, refraction, binocular functions, and 
ocular pathology) in a population of Black African 
dyslexic schoolchildren in South Africa.  The second-
ary aim was to investigate if there is an association 
between visual factors and dyslexia in an African 
population by comparing the visual characteristics of 
the dyslexic participants from a school for children 
with learning difficulties with a gender, race and so-
cio-economic status matched control group compris-
ing non-dyslexic schoolchildren from the mainstream 
school. We hypothesized that the dyslexic participant 
did not have a higher prevalence of vision defects than 
the control group and that there was no statistically 
significant association between dyslexia and vision 
variables. However, if an association between dys-
lexia and visual variables exist, a higher prevalence 
of vision defects in dyslexic than in the control group 
would be expected.

Methods
The study was approved by the University of 

KwaZulu Natal’s Faculty of Health Sciences Ethics 
Committee.  Written informed consents for access to 
the schools (mainstream and special school) were ob-

Introduction

Dyslexia is an unexpected, specific difficulty in 
reading in children and adults with adequate intelli-
gence, motivation, socio-cultural opportunity, educa-
tion and absence of emotional disorders1.  Reading, 
the visual process of deriving meaning from written 
text2 is fundamental to learning. Between 75% and 
90% of what a child learns is mediated through the 
visual pathways and early detection and treatment of 
vision anomalies reduces the risk of long-term visual 
problems3. Optometrists often receive referrals from 
teachers, psychologists and other professionals who 
seek advice about whether vision problems may con-
tribute to or be responsible for a child’s poor academic 
performance.  Consequently, several studies4-15 have 
been conducted on various aspects of visual func-
tions in dyslexia.  However, these studies were lim-
ited to Caucasians and the results were inconsistent 
(see Wajuihian and Naidoo for a detailed review)16. 
For example, the prevalence of reduced visual acuity 
(VA) has been reported to be worse in the dyslexic in 
certain studies4, 8, 9, 13 similar in dyslexic and control 
reported by Buzzelli5 and Goulandris6, while Kapoula 
et al10 and  Buccis et al12 found normal visual acuity 
(≥ 6/9) in all participants.  Evans et al4 and Ygge et 
al13 reported the prevalence of total refractive errors 
to be similar in both the dyslexic and control groups.  
The prevalence of astigmatism was greater in the dys-
lexic group compared to the control group reported 
by Latvala et al8 and Yggee et al13.  Latvala et al8 
also reported the prevalence of amblyopia in the dys-
lexic group to be 3.6%, whereas no participant in the 
control group was amblyopic while the prevalence of 
anisometropia was greater in the control than in the 
dyslexic group8, 13.  Latvala et al8 and Kapoula et al10 
reported the prevalence of remote NPC to be higher 
in the dyslexic than in the non-dyslexic group.  For 
heterophoria, Latvala et al8 found no statistically sig-
nificant difference between the two groups (p=0.59) 
for exophoria and (p=0.46) for esophoria. Similarly, 
Buccis et al12 measured heterophoria at far and near 
using the cover-uncover test and found no statistically 
significant difference between the two groups (p=0.2). 
For accommodative functions, Evans et al7 reported 
that amplitude of accommodation was significantly 
reduced in the dyslexic group compared to the con-
trol group whereas Ygge et al11 and Goulandris et al6 
found that the two groups performed similarly. Evans 
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tained from the Department of Education and from 
the principals of the schools.  Due to the difficulty in 
reaching the learners’ parents, the school principals 
consented on behalf of the parents for the learners to 
participate in the study. All participants agreed to par-
ticipate in the study after the nature of the study was 
explained to them.  

Study design   
This study was designed to provide empirical 

(quantitative) information to enable a comparison 
of the visual characteristics of dyslexic children (ex-
perimental group) and non-dyslexic children (control 
group).  In South Africa, when children with learning 
difficulties are identified, they are evaluated and tak-
en out of the mainstream school and are given special 
tuition.  Participants from both groups were matched 
in gender, race and socio-economic status and were 
selected by convenient sampling. Although this sam-
pling method has been employed in several studies on 
dyslexic populations5, 6, 10-13, 15 the decision to use it in 
the present study was because at the time of the study, 
there was only one school that catered for dyslexic 
Black learners in the Durban area.

The inclusion and exclusion criteria were in accord-
ance with other studies on dyslexic population5, 6, 7, 13.  
The participants from the dyslexic group had to meet 
the following criteria: (i) an average or above aver-
age intelligence quotient (that is, > 95) (ii) two grades 
or more below the grade level expected considering 
their chronological age, and (iii) evidence that child 
has not been absent from school for more than 10% of 
the attendance days. Learners with known systemic 
illnesses, any emotional disorders and those on medi-
cation were excluded from the study. The inclusion 
and exclusion criteria for the control group were simi-
lar to the dyslexic group except that the non-dyslexic 
participants did not have any reading problems and 
were attending a mainstream school. All the infor-
mation regarding the inclusion and exclusion criteria 
was obtained from the learners’ file as reported by the 
school psychologist. 

The study populations comprised children at-
tending a school for children with learning difficul-
ties from which the dyslexic children were selected 
whereas the control group consisted of children at-
tending a mainstream school in Durban. The partici-
pants from the dyslexic group were selected from 

Khulangolwazi School for children with learning 
difficulties in Clairwood, South of Durban. Learn-
ers attending this school were referred from different 
schools around Durban, South Africa. The dyslexic 
participants consisted of 31 children (15 boys and 16 
girls) and were in grades four through seven. Psycho-
educational evaluation and classification of learners 
as being dyslexic was not part of this study and was 
not performed. The dyslexic participants were select-
ed based on the school psychologist’s diagnosis. Be-
cause the number of dyslexic learners were few it was 
difficult to recruit the targeted number of 100 dyslexic 
participants for the study, so only 31 was used but 
sample sizes for studies conducted on dyslexic popu-
lation are typically small and the average of ten stud-
ies4-8, 10-13, 15 on dyslexic participants was 46.

Participants for the control group comprised 31 
(15 boys and 16 girls) children from a mainstream 
school in Durban (Addington Primary School) and 
their grades ranged from four to seven.  All partici-
pants in this study were Black South Africans.

Materials and procedure
Each school principal provided a room at the 

school venue where all procedures were conducted.  
All procedures were conducted in the mornings as it 
was expected that better responses could be obtained 
when the children were not tired. The rationale and 
technique for every procedure was fully explained to 
each participant and a trial reading was taken to en-
sure that all instructions given were understood.  The 
first author collected all data and each examination 
took an average of thirty minutes to complete with 
rest periods of up to 10 minutes as necessary.

The instruments and the procedures used in this 
study follows the techniques described in standard 
optometric texts17-20 and was used in studies re-
viewed4-15 on dyslexic populations. The following 
tests were performed.  

Visual acuity was assessed using the Logarithm of 
Minimum Angle of Resolution (LogMAR) chart at 
both distance and near. Refractive errors were deter-
mined objectively using the streak retinoscope with 
a +1.50 D fogging lens (for an arm’s length of ap-
proximately 67cm) while the subject fixated a 6/60 
(to maintain fixation) optotype on the distance visual 
acuity chart17-20.  Cycloplegic refraction were not 
used due to medical-ethical reasons and the fact that 
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static retinoscopy with fogging lenses usually ena-
bles adequate control of accommodation21. The near 
point of convergence (NPC) was measured using the 
Royal Air Force (RAF) rule17, 22.  The final break and 
recovery points recorded were the average of three 
tests measurements in order to detect fatigue, which 
may indicate poor convergence22, 23 and the objective 
reading was recorded for analysis.  Heterophoria was 
assessed using the cover test at 0.4 and 6 meters17-20. 
As used in other studies7, 8. 17-20, the Maddox Wing 
was used to assess near phoria under normal room il-
lumination and this results were used to analyze near 
heterophoria.  However, the use of cover test for both 
distance and near would probably have allowed for 
standardization. The amplitude of  accommodation 
was measured monocularly using Donder’s push-
up method with a Royal Air force (RAF) near point 
rule17-20. The accommodation facility (AF) was assessed 
binocularly using ± 2 D lens flippers17-20. Accuracy of 
accommodation was evaluated using the monocular 
estimation method (MEM) in normal room illumi-
nation17-20. The relative accommodation (PRA and 
NRA) was assessed using trial lenses17-20. Ocular 
health was evaluated using a direct ophthalmoscope17-20. 
The fusional reserves (fusional vergence) measures the 
amount of fusion (fusional amplitude)24 the individu-
al has in reserve to compensate for a phoria and pro-
vides information about a patient’s ability to maintain 

comfortable binocular vision23. The fusional reserves 
were assessed at 6 meters (test target 6/9 letter line) 
and at 40 cm (N5 text) using prism bars without sup-
pression control.  The break and recovery points were 
determined subjectively from the child’s report of 
blur, break and recovery and objectively by observing 
the subjects eye movements. The objective findings 
were used for analysis25-26.

Data analysis  
The data was analyzed using the Statistical Pack-

age for Social Sciences (SSPS). Means and standard 
deviation were calculated for descriptive and compar-
ative purposes. For comparison between the means of 
the two groups, all data was subjected to a two-sam-
ple t test, unpaired (2-tailed). The level of significance 
considered to support or reject our hypothesis was 
taken as p<0.05. The diagnostic criteria for normal/
abnormal response for each test were in relation to 
expected values for the age group and as used in other 
studies (Table 1). Participants who did not meet the 
pass criteria for any of the test variables were referred 
to their optometrists for further evaluation.

Results 
The data for the prevalence of visual acuity, refrac-

tive errors, near point of convergence, accommoda-
tion functions, heterophoria, fusional amplitude at 

Figure 1.  Comparison of percentage prevalence of visual acuity in dyslexic and control groups.  Compared to the other acuity lev-
els, the distribution of VA 6/6 (68%) was the highest in both groups followed by VA < 6/9 (32%)
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near are presented in histograms (Figures 1 to 3). If an 
association between dyslexia and visual functions ex-
ists, a higher prevalence of vision defects in dyslexic 
than in the control group would be expected.  

Visual Acuity (VA)   
As shown in Figure 1, the distribution of distance 

VA < 6/9 (32%) as well as the distribution of 6/6 
(68%) visual acuity was similar in both groups. The 
mean distance VA in the dyslexic group for the RE 
was 0.17 ± 0.31 (range 0 to 0.10 LogMAR) and the 
mean distance VA for the LE was 0.20 ± 0.33 (range 
0 to 0.10). The mean distance VA in the control group 

for the RE and LE was the same: 0.00 ± 0.24 (range 
0 to 0.90). However, the mean difference between 
the two groups was not statistically significant (RE, 
p=0.29, LE, p=0.23). All the participants had normal 
near visual acuity (0.37 M) except for the two par-
ticipants who had cataracts and both had significantly 
low VA (1.25 M both).

Refractive Errors (RE)
Refraction data for two children from the dyslexic 

group who had cataracts could not be obtained due to 
poor reflexes and were excluded in the analysis. The 
prevalence of refractive errors (23% dyslexic, 22.5% 

Table 1. The diagnostic criteria for each test variable.
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control) was similar in both groups (Figure 2). For 
the dyslexic group, the mean refractive error for the 
RE was + 0.86 ± 0.98 D (range –1.25 to + 5.00).  The 
mean for the LE was + 0.57 ± 1.01 D (range –1.50 to 
4.00). 

 For the control group, the mean refractive error 
for the right eye was + 0.70 ± 1.03 D (range –3.50 
to 3.50) and for the LE was + 0.49 ± 1.09 D (range 
–3.50 to 3.50).  The mean difference between the two 
groups was not statistically significant (RE, p=0.66, 
LE, p=0.09).  The distribution of the different types 
of refractive errors is shown in Figure 2.

 Near Point of Convergence (NPC)
One participant from the dyslexic group com-

plained of being tired and did not participate and was 
excluded. As shown in Figure 3, the prevalence of re-
mote NPC (48%, 15 participants) was higher in the 
control group than in the dyslexic group (33%, 10 
participants). The mean NPC break for the dyslexic 
group was 8.90 ± 5.03 cm (range 5 to 26) while the 
mean NPC break for the control group was 12.60 ± 
8.70 cm (range 4 to 34). The mean NPC recovery for 
the dyslexic group was 14 ± 5.88 cm (range 6 to 28) 
and for the control group was 22 ± 8.20 cm (range 8 
to 38). There was a statistically significant difference 
between the two groups in NPC break and recovery 
(break, p=0.049, recovery p=0.06).
Heterophoria

Figure 2.  Comparison of percentage prevalence of refractive errors in dyslexic and control   groups.  The prevalence of emmetropia 
was the highest and was similar in both groups, followed by astigmatism.

Four participants from each group could not com-
plete the test because they left to attend class lessons.  
In the dyslexic group, no participant manifested with 
phoria at distance. At near, one participant (3%) had 
an esophoria ≥ 4 prism diopters (pd), one partici-
pant (3%) had an esophoria of 3 pd, two participants 
(6.5%) had exophorias ≥ 4 pd, one participant (3%) 
had an exophoria ≥ 8 pd and two participants (6.5%) 
had exophoria of 6 pd. In the control group, at both 
distance and near, no subject had phoria of > 2 pd. 
The mean for near exophoria in the dyslexic group 
was 1.63 ± 2.62 pd (range 0 to 10) and was 1.80 ± 
0.42 pd (range 1 to 2) for the control group. The mean 
esophoria at near for the dyslexic group was 3.50 ± 
0.70 pd (range 3 to 4) and for the control group was 2 
± 0 (range 2 to 2).  There was no statistically signifi-
cant difference between the two groups in heteropho-
ria (near exophoria, p=0.59, near esophoria, p=0.46). 

Accommodation Functions  
For amplitude of accommodation, one participant 

from the dyslexic group had a difference of four di-
opters between the two eyes. The amplitude of ac-
commodation for two participants who had latent 
hyperopia in the dyslexic group was low (6 D and 
8 D) as compared to age minimum amplitude of ac-
commodation of 11.75 D. The amplitude of accom-
modation for two participants who had cataracts was 
excluded from the analysis. 
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Only the data for the monocular amplitude was 
analyzed. In the dyslexic group, the mean AA (right 
eye) was 11.98 ± 2.34 D (range 8 to 20) and the mean 
for the LE was 12.14 ± 2.15 D (range 8 to 20). In the 
control group, the mean AA for the RE was 12.87 ± 
1.08 D (range 10 to 15) and for the left eye was 12.87 
± 1.16 D (range from 10 to 15).  There was no statisti-
cally significant difference between the two groups 
(RE p=0.07) (LE p=0.22). 

For accommodative facility (AF), three partici-
pants from the dyslexic group and four from the con-
trol could not complete the test because they indicated 
that they were tired.  The prevalence of poor accom-
modation facility (Figure 3) was higher in the dys-
lexic group (54%, 15 participants) than in the control 
group (33%, 9 participants) (Figure 3).  In the dys-
lexic group, the mean AF was 6.86 ± 2.74 cpm (range 
2 to 12). In the control group, the mean AF was 8.85 ± 
3.69 cpm (range 2 to 21) and there was a statistically 
significant difference between the groups (p= 0.03).

For accuracy of accommodations (AL), three par-
ticipants from the dyslexic group could not continue 
with this test because they left to attend class activi-
ties while three from the control group sought permis-
sion to be out of the testing room at that point. These 
participants were excluded in the analysis. As shown 
in Figure 3, the prevalence of lag of accommodation 
(used to assess AL) was higher (42%, 13 participants) 
in the control group compared to the dyslexic group 
(39%, 11 participants) (Figure 3). 

In the dyslexic group, the mean AL for the RE was 
0.91 ± 0.38D (range 0 to 2) and the mean AL for the 
LE was 0.85 ± 0.36 D (range –0.50 to 1.25). In the 
control group, the mean AL for the RE was 0.92 ± 
0.57 D (range –0.50 to 2) and the mean AL for the 
left eye was 0.91 SD ± 0.48D (range –0.50 to 2) and 
there was no statistically significant difference (RE, 
p=0.83, and LE, p=0.61). 

For relative accommodation (NRA, PRA), the 
mean PRA was –6.23 ± 1.17 D (range –9 to –4 D) 
the dyslexic group and was –6.06 ± 0.63 D (range 
–7 to –5 D) for the control group. The mean NRA 
was 3.22 ± 0.79 D (range 2 to 6 D) for the dyslexic 
group and was 3.11 ± 0.47 D (range 2 to 4.50) for the 
control group. There was no statistically significant 
difference between the two groups in relative accom-
modation (PRA, p=0.51, NRA, p=0.68). The mean 
values for relative accommodation in this study were 

unexpectedly large.

Ocular pathology 
Two participants (6.5%) in the dyslexic group had 

cataracts on both eyes.  No ocular pathology was de-
tected in the control group.

Fusional Reserves 
The participants from both groups either could 

not report or understand blur so the results for breaks 
and recoveries were used to analyze vergence func-
tion.  Two participants from the dyslexic group could 
not complete all aspects of the fusional reserves as-
sessment because they were tired.  These participants 
were excluded in the analysis.

The mean base in to break at distance (BIBD) for 
the dyslexic group was 14.69 ± 6.83 pd (range: 4 to 
40) and 16 ± 3.50 pd (10 to 22) for the control group. 
There was no statistically significant differences be-
tween both groups (p=0.46). The mean base in to re-
covery at distance (BIRD) for the dyslexic group was 
11.72 ± 6.20 pd (range 2 to 35) and 12.80 ± 3.17 pd 
(range 8 to 20) for the control group.  There was no 
statistically significant difference between the groups 
(p=0.49).

The mean base in to break at near ( BIBN) for the 
dyslexic group was 11.85 ± 5.14 pd (range 2 to 25) 
and 12.83 ± 3.13 (range 6 to 18) for the control group. 
There was no statistically significant difference be-
tween both groups (p=0.29). The mean base in to re-
covery at near for the dyslexic group was 8.72 ± 4.78 
pd (range 1 to 20) and 10.32 ± 3.35 pd (range 4 to 15) 
for the control group. There was no statistically sig-
nificant difference between the groups (p=0.17).

The mean base out to break at distance (BOBD) 
for the dyslexic group was 27.06 ± 9.25 pd (range 10 
to 40) and 24.16 ± 9.75 pd (range 10 to 40) for the 
control group.  There was no statistically significant 
difference between the groups (p=0.24). For the base 
out to recovery at distance (BORD) four participants 
from the control group could not report the recovery 
point and two participants from the dyslexic group 
could not complete the test. The mean BORD for the 
dyslexic group was 18.76 ± 7.96 pd (range 4 to 35) 
and 17 ± 6.93 pd (range 6 to 35) for the control group. 
There was no statistically significant difference be-
tween the groups (p=0.40). 

The mean base out to break at near (BOBN) for 
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the dyslexic group was 21.60 ± 11.62 pd (range 8 to 
40) and 21.09 ± 8.42 pd (range 10 to 40) for the con-
trol group. There was no statistically significant dif-
ference between the two groups (p=0.84). The mean 
base out to recovery at near for the dyslexic group 
was 13.35 ± 7.45 pd (range 6 to 35) and 15.55 ± 6.25 
pd (range 8 to 30) for the control group.  There was 
no statistically significant difference between the two 
groups (p=0.16).

Based on the recommended norm of 30-40 pd for 
base out break (fusional amplitude) at near document-
ed by Bishop22 and Mellville and Firth24, the preva-
lence of poor positive fusional amplitude at near was 
16% for the control and 25% for the dyslexic group.

Discussion  
This study compared the prevalence of vision de-

fects in dyslexic and a control group of non-dyslexic 
schoolchildren. It was hypothesized that the dyslexic 
participants would not have a higher prevalence of vi-
sion defects than the control group but only the results 
for the binocular accommodative facility did not sup-
port our hypothesis as the binocular accommodation 
facility at near was significantly  greater in the dys-
lexic than the control group (p=0.027). 

The prevalence of visual acuity worse than 6/9 

Figure 3.  Comparison of the percentage prevalence of all the vision variables examined between the dyslexic and control groups as 
defined in Table 1. VA=visual acuity, RE=refractive errors, HF=heterophoria, NPC=near point of convergence, PRA=positive rela-
tive accommodation, NRA=negative relative accommodation, AF=accommodative facility, AL=accommodative lag, BO break = 
base out to break at near.  The prevalence of remote NPC (> 10 cm) was significantly higher in the control group than in the dyslexic 
group whereas the prevalence of poor accommodative facility was significantly higher in the dyslexic than in the control group. 

(32%) was the same for both groups and there was 
no statistically significant differences (RE, p=0.29, 
LE, p=0.23).  Two participants who had visual acui-
ties of 6/60 had cataracts while 23% of the dyslexic 
and 22.5% of the control group had refractive errors.  
These findings suggest that the reduced visual acui-
ties in these populations are more related to refractive 
errors and corroborates the reports that visual acuity 
defects in paediatric populations are more related to 
refractive error changes in the population rather than 
ocular diseases17.  

Similar to the VA findings, there was no statistical-
ly significant difference in the prevalence of uncor-
rected refractive error between both groups.  These 
findings indicate that the dyslexic participants are not 
more at risk of a particular refractive anomaly com-
pared to the participants from the control group. The 
high prevalence of the total refractive errors (espe-
cially astigmatism from both groups) highlights the 
need for regular vision screening in schoolchildren in 
South Africa. Our findings of a similar distribution of 
refractive errors and a lack of statistically significant 
difference between the dyslexic and control group 
corresponds with the findings on total refractive errors 
reported by Evans et al4 and Ygge et al13.   More so, 
the mean spherical equivalent refractions (SER) val-
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ues (dyslexic group: RE 0.86 D, LE 0.57 D. Control 
group: RE 0.70 D, LE, 0.49 D) found in the present 
study lies within the normative refractive status value 
(–0.50 to 1.25 and within SD 1) documented by Wal-
ters35, and is comparable to the mean SER of 0.77 D 
for the (right and left eye were similar) reported by 
Evans et al 36 and RE 0.83 ±1.06 and LE 0.89 ± 1.23) 
reported by Gronlund et al27. 

The prevalence of myopia (6.5%) was similar for 
both groups.  This corresponds with the 6% preva-
lence reported by Gronlund et al27.  In contrast, Al-
varez  et al37 found that 5.7% of the poor readers had 
myopia compared to 19.4% of the control group.  As 
there was no information on the refractive status of 
dyslexic children in South Africa, we have attempted 
to relate our findings to studies, which investigated 
the refractive status of mainstream schoolchildren in 
South Africa conducted by Naidoo et al38 and Mabaso 
et al39.  Naidoo et al38 reported a 2.9% prevalence of 
myopia whereas in the study by Mabaso et al39 the 
prevalence of myopia was 2.5%.

Hyperopia was more prevalent (6.5%) among the 
dyslexic group than in the control group (3%). Two 
children had latent hyperopia (based on the assump-
tion that increased plus did not blur the distance vi-
sion). The full magnitude of the hyperopic findings 
could not be estimated because cycloplegia was not 
used. Therefore, it is possible that the prevalence of 
hyperopia may have been under-estimated.  It has 
been established that the use of cycloplegia in refrac-
tion reveals the full extent of hyperopia21, 40, 41 and 
that up to a mean of 0.64 DS more plus can be ex-
pected, using cycloplegic refraction21.  In the study 
by Alvarez et al37, 28% of the children with reading 
difficulties were hyperopic compared to 16% of the 
control group.  Gronlund et al27 reported a 9% preva-
lence of hyperopia (using cycloplegia).  Our findings 
on hyperopia are therefore more comparable to the 
values reported by Gronlund et al27, however, the 
validity of this comparison is limited by the non-use 
of cyloplegia in the present study. Although Mabaso 
et al39 assessed refractive errors without cycloplegia 
and used the same definition of hyperopia (≥ 0.75 D) 
as in the present study but reported a 73.1% preva-
lence of hyperopia.  It is not clear why there was such 
a marked difference in the prevalence of hyperopia 
between the two studies.  In contrast, Naidoo et al39 
reported a 1.8% prevalence of hyperopia, which is 

lower than the prevalence in the present study.  Given 
that ethnic origins, culture and socio-economic class 
are comparable between the study by Naidoo et al38,   
Mabaso et al39 and the present study, the difference in 
prevalence of hyperopia between the study by Naidoo 
et al38 and the present study is more related to the dif-
ferent criteria used to define hyperopia in both stud-
ies.  Naidoo et al38 defined hyperopia as ≥ 2 D.  The 
criteria used to define a variable greatly influence the 
prevalence rate 27, 42. 

In relation to reading, simple to moderate hyper-
opia may not cause constant blur at a distance or near 
point, but the extra accommodative effort produces 
asthenopic symptoms of intermittent blur, headache, 
fatigue, and inattention in some patients, which may 
be mistaken for short attention span. Uncorrected 
hyperopia is associated with esophoria at near point, 
which can stress the fusional vergence systems that 
hold the eyes in correct alignment.  If the hyperopia 
and esophoria is excessive, an accommodative es-
otropia can result 43, 44. 

The prevalence of astigmatism was the highest of 
the refractive errors and was more prevalent in the 
control group (13%) than in the dyslexic group (10%).   
This result is in contrast to the findings by Latvala et 
al8 and Ygge et al13.  The prevalence of astigmatism 
(defined as ≥ 0.75 D) reported by Naidoo et al38 were 
RE: 6.7% and LE: 6.8%.  In the study by Mabaso et 
al39, 31.3% of the participants were astigmatic (defined 
as ≥−0.25 D).  The difference in prevalence reported 
between the present study and the study by Mabaso et 
al39 may be due to the differences in the criteria used 
to classify astigmatism. Astigmatism affects vision 
and reading in different ways. Clinically, astigmatism 
over 1.50 D can often cause severe eyestrain and in-
terfere with reading. Even lesser degrees of astigma-
tism can be symptomatic in some patients43.

Anisometropia is of great clinical interest because of 
its association with strabismus and amblyopia45, 46.  The 
prevalence of anisometropia was similar (6.5%) in 
both groups. This is comparable to results (3.6% from 
dyslexic group and 6% from the control group) report-
ed by Latvala et al8. The prevalence of anisometropia 
was not reported in several studies4-7, 9-15 on dyslexic 
populations. In anisometropia, the difference in refrac-
tion as well as the refractive error causes the image to 
be out of focus on one retina, blunting the develop-
ment of the visual pathway in the affected eye45. In 
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relation to reading dysfunction, anisometropia causes 
poor reading skills probably through the mechanism 
of poor sensory and motor fusion rather than reduced 
visual acuity. It degrades binocular coordination and 
consequently reduces visual comfort and efficiency if 
the binocular coordination is under stress44. 

Two participants (6.5%) from the dyslexic group 
had amblyopia due to cataracts whereas none had am-
blyopia from the control group. Cataract is a major 
cause of amblyopia (deprivation amblyopia) by caus-
ing an impediment to the visual axis45.  Our result 
is comparable to the findings by Latvala et al8 who 
reported the prevalence of amblyopia in the dyslexic 
group to be 3.6% as compared to the control group 
with no amblyopia. The prevalence of amblyopia was 
not reported in several studies4-7, 9-15 on dyslexic pop-
ulations. 

Refractive errors in general are among the lead-
ing causes of visual impairment worldwide and are 
responsible for high rates of visual impairment47. 
Schoolchildren are particularly a high-risk group 
because uncorrected refractive errors can affect 
their learning abilities as well as their physical and 
mental development47. Variations in results on RE 
reported in different studies may be due to differ-
ences in the type of demographics studied, classifi-
cation criteria, and the use of cycloplegia to assess 
refractive errors 27, 33, 47.

The prevalence of a remote near point of conver-
gence (>10 cm) was significantly higher in the con-
trol than in the dyslexic group. In contrast, Latvala et 
al8 reported that the dyslexics had more remote NPC 
than the control group. A possible explanation for the 
finding in the present study is that children who do 
not have reading difficulties may be more comfort-
able when reading and tend to read more often than 
children who do. Consequently, with an increasing 
ability to read, there is likely to be more demand on 
accommodation and convergence resulting in near 
point stress. More so, Owens and Wolf-Kelly48 found 
that near work induces a recession of the near point of 
accommodation or vergences and that it is a potential 
source of visual problems.  Furthermore, as a remote 
near point of convergence is a hallmark sign in the di-
agnosis of convergence insufficiency49, a more reced-
ed NPC suggests that the participants from the con-
trol group are more prone to developing convergence 
insufficiency. More so, Chen et al50 studied NPC in 

children aged 1-17 years and reported  that an increas-
ing incidence of  remote NPC with increasing age in 
their study might be due to the near work demands of 
primary school which might create a different level of 
near point stress than the near work conditions in pre-
primary school years.  Consequently, an alternative 
explanation for the lack of association between dys-
lexia and NPC in the present study can be inferred; if 
near point task induces a recession of NPC48, dyslexic 
participants who are more averted to reading would 
perform better in near point of convergence testing.

In the present study, all participants were orthophoric 
at distance and as reported in other studies7, 51, 52.  The 
major finding on heterophoria in this study is a higher 
prevalence (9.5%) of exophoria at near in the dyslex-
ic participants, than in the control group that had no 
exophoria A higher prevalence of heterophoria would 
mean that the dyslexic participants may be more un-
comfortable when doing near work. According to von 
Noorden (cited by Kommerell et al)53 heterophoria 
typically causes asthenopia. Patients with asthenopic 
symptoms often have an aversion to reading. Typi-
cally, such complaints tend to be less severe or to dis-
appear when patients do not use their eyes in close 
work53. Similar to the present study, Latvala et al8 and 
Evans et al7 assessed near horizontal heterophoria us-
ing the cover test and the Maddox Wing. Our find-
ings of a higher prevalence of near exophoria in the 
dyslexics than in the control group is consistent with 
reports by Latvala et al8 and our findings of a lack 
of statistically significant difference in near hetero-
phoria is consistent with reports by Evans et al7 and 
Bucci et al12.

The dyslexic group had a marginally reduced mo-
nocular amplitude of accommodation compared to the 
control group and there was no statistically significant 
difference between the two groups (p=0.70). This re-
sult corroborates reports by other authors 6, 7, 11, 37. 
Monocular amplitude measures are particularly im-
portant to determine whether a patient has accom-
modative insufficiency (AI)54 and AI has been re-
ported to be a common cause of asthenopia in school 
children between the ages of eight and 15 years55. 
The symptoms of accommodation insufficiency are 
specifically related to near vision work56. 

The prevalence of poor binocular accommodative 
facility was significantly higher in the dyslexic than 
in the control group (p=0.027) which suggests that the 
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dyslexics have poorer accommodative facility than 
the control participants. Inadequate accommodative 
facility have been associated with symptoms related 
to near point asthenopia57 which suggests that the dys-
lexic child will be affected when readng. However, a 
lack of symptom inventory in this study precludes a 
firm conclusion on the relationship between accom-
modative infacility and symptoms. Furthermore, the 
subjective nature of the accommodative facility test-
ing makes it difficult to draw a firm conclusion on 
the clinical relevance of the statistical significant as-
sociation between dyslexia and accommodative infa-
cility found in this study. This result however, is simi-
lar to findings in other studies7, 15, 37 which reported 
that dyslexics appeared to have weaker accommoda-
tive facility. Furthermore, Keily et al15  reported that 
36.7% of the dyslexic and 27.2% of the control group 
failed the accommodative facility tests. In the present 
study, 33% of the participants from the control group 
failed the AF test. This finding is more comparable 
to the reports by Moodley58, which reported a 33% 
prevalence of poor AF in a population of schoolchil-
dren in Durban, South Africa.  In contrast, Buzzelli5 
reported that the dyslexic group had a better AF than 
the control group. The differences in the results be-
tween the present study and the study by Buzzelli5 
may due to the differences in technique; Buzzelli5 as-
sessed AF using the Bernell Vectogram with polar-
ized target for suppression control whereas the flipper 
technique, without control for suppression was used in 
the present study. Binocular accommodation facility 
results vary depending on whether or not suppression 
has been monitored while testing59, 60. Other variables 
that may affect accommodative facility rates are: test 
distance, letter size and flipper lens power60.

During near tasks, the eyes are not usually precisely 
focussed on the object of regard, but the accommoda-
tion lags a small amount behind the target61, 62. There 
was no statistically significant difference between 
both groups in accommodation lag (RE, p=0.83, and 
LE, p=0.61). Similarly, Evans et al7 found no statisti-
cally significant difference between the two groups 
(p> 0.68, unpaired t test). Evans et al36 also reported 
a mean accommodation lag of 1.12 D, which is com-
parable to our mean findings of: RE: 0.91±0.38 D and 
0.92 ± 0.57 D for the dyslexic and control groups re-
spectively.  Furthermore, our mean values are within 
the normal range determined by Rouse and Hutter 

(0.75 ± 1.00 D)63. In the present study, 42% of the 
participants from the control group (mean age 11.75 
years) had lag of accommodation, which is in contrasts 
with the 27% prevalence reported by Moodley58. The 
mean age of the participants in the study by Mood-
ley58 was 9.38 years.  The difference in the prevalence 
reported in the two studies may be related to the dif-
ference in the ages of the participants in both studies.  
Rouse and Hutter63 noted that the MEM mean values 
increases with both age and school grade. 

Accommodation accuracy relates to reading in dif-
ferent ways. An efficient accommodation posture is 
important in the reading process as an individual with 
a lag of accommodation habitually under-accommo-
dates which may result to asthenopia and difficulty 
with reading. An accommodative response that mani-
fests as an excessive lag of accommodation may indi-
cate latent hyperopia, esophoria, or may be associated 
with accommodative insufficiency, or accommoda-
tive spasm62.  In this study, the prevalence of high lag 
in the dyslexic group may be related to the prevalence 
of latent hyperopia, poor negative vergences and eso-
phoria. 

The relative accommodation (also an indirect as-
sessment of the vergence system) assesses patients’ 
ability to increase and decrease accommodation under 
binocular conditions when the total convergence de-
mand is constant23. The results for the relative accom-
modation for all the participants from both dyslexic 
and control groups were unexpectedly high although 
the difference between the two groups was non-sig-
nificant.  Similarly, high RA values (NRA, 3.25, PRA 
–3.90) was reported by Chen et al26 although the tech-
nique used to assess RA was not indicated.  In contrast, 
Álvarez and Puell’s37 findings were within normative 
values (2 and –2)19, 31. The difference in the results 
between Alvarez and Puell37 and the present study 
may be due to the difference in technique.  Alvarez 
and Puell37 assessed RA using the phoropter whereas 
the trial lenses were used in the present study (given 
the study setting).  The phoropter has been reported 
to give a more reliable result for RA23.  Another pos-
sible explanation for high RA is that high NRA can 
be associated with disorders such as accommodative 
insufficiency and convergence excess whereas high 
values of PRA are related to anomalies in which ac-
commodative excess appears31.   Furthermore, a high 
value of the NRA may also mean that the refraction 
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may have been under corrected for hyperopia or over 
corrected for myopia31 and high NRA may also be 
due to excessive  accommodation20.

Generally, an inefficient accommodation function 
may lead to difficulties in reading as the focusing 
system of the eyes play a major role in the reading 
process37. Children who suffer some anomalies of 
accommodation are more prone to visual fatigue64.  
Furthermore, dysfunctions of accommodation can 
significantly interfere with the comfort, clarity, speed 
and accuracy of reading as the child develops reading 
skills65. 

For fusional reserves, the participants from both 
groups either could not report or understand blur 
therefore the result for break and recovery was used 
in the analysis of all aspects of fusional reserves as in 
other studies7, 34.  Furthermore, only the findings for 
the near PFV are emphasized in this report as the PFV 
(measures convergence ability) are more important 
in assessing reading dysfunction and near measure-
ments are more relevant in assessing vision functions 
in dyslexic children 23, 66. The prevalence of poor pos-
itive fusional amplitude at near was 16% for the con-
trol and 25% for the dyslexic group. Grisham et al67 
reported that 38% of their study population of poor 
readers had break values of <18 pd whereas in the 
study by Latvala et al8 the prevalence of fusional am-
plitude (using referral criteria of  ≥ 32 pd at a distance 
of 33 cm) was 6.1% for the control group and 7.5% 
for the dyslexic group.  At near, a testing distance of 
40 cm was used in the present study. The difference 
in prevalence between the present study and the study 
by Latvala et al8 may be related to the different test 
distances used.

In the present study, six participants from the dys-
lexic group and two from the control group had base 
out to break values of over 40 pd.  Wesson et al25  re-
ported a similar finding.  The  high base out to break 
values in the present study may be due to a lack of 
suppression control in assessing the fusional reserves.  
According to Wesson et al25  when suppression is 
controlled, the average vergence values will be lower 
because the test is stopped when the suppression is 
detected. If suppression is not monitored, the break is 
not detected until the stimulus is outside the suppres-
sion zone and a higher vergence value is obtained25.  
Another possible explanation for an unexpectedly 
high base out finding is that exophoric conditions 

make compensating for base out more difficult than 
base in testing35.  It is not clear if this is the case in the 
present study although the prevalence of exophoria at 
near was 9.5%. 

Statistically, at near, the base out break and recov-
ery was similar for both groups in the present study 
although lower than the normative values (Break 23 ± 
8 pd, Recovery 16 ± 6 pd) determined by Scheiman et 
al34.  Reduced break or recovery findings indicate the 
presence of near point stress68.  Evans et al7 reported 
a mean base out to break value of 15.4 ± 6.7 pd) for 
the dyslexic group and 19 ± 7.8 pd) for the control 
with a statistically significant difference (p=0.03). 
Ygge et al11 reported that at near, the mean fusional 
convergence (break values) were 26.5±6.8) for the 
dyslexics and 26.7 ± 7.2 pd) for the control and there 
was no statistically significant difference between the 
two groups (p=0.75). Goulandris et al6 found no sig-
nificant differences between the two groups in any 
aspect of fusional reserves measurement.  Chen and 
Abidin26 reported PFV mean break values of 23 ± 8 
pd) at near for children aged 7-12 years.  The findings 
of the present study, although lower, is more compa-
rable to the results by Ygge et al11, Chen and Abidin26 
and Goulandris et al6 but higher than the values re-
ported by Evans et al7. The difference in results in 
these studies6, 7, 11, 26 may be because rotary prisms 
were used in the study by Evans et al7 whereas  prism 
bars was used in the studies by Chen and Abidin26, 
Ygge et al11 and the present study.  Several studies25, 

34, 69 have demonstrated that fusional reserves meas-
urements using either smooth (rotary prisms) or step 
(prism bars) give different results; Ciuffreda et al70 
reported that the mean BO break at near averages 
measured with prism bar were higher (by 4 to 8.7 pd) 
than values obtained using the phoropter in a study 
on near vergence ranges variability. Furthermore, the 
high standard deviations in the present study and the 
studies cited6, 7, 11, 26 on fusional reserves indicate a 
high variability in the fusional reserves measure-
ments. Fusional reserves can be inconsistent and less 
reliable in children unless strict control measures are 
applied 25, 34, 71. Inter-examiner variation can be as large 
as 10 to 16 pd and intra-examiner differences can be as 
large as 12 pd71.  Other factors that affect vergence 
reserve measurements include test target and lighting 
conditions25.

Fusional vergence amplitudes reflect the ability of 
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the oculomotor system to maintain sensory fusion in 
spite of varying vergence requirements72. Vergence 
amplitudes provide information about a patient’s 
ability to maintain comfortable binocular vision22. 
The symptoms associated with deficiencies in the 
vergence system include letters or words appear-
ing to float or move around, postural changes noted 
when working at a desk, difficulty aligning columns 
of numbers, intermittent diplopia at either distance or 
near73. Again, we are unable to associate these symp-
toms with our data as symptoms inventory was not 
part of this study.

 
Significance, Limitations, and Recommendations 

This study has relevance in South Africa in en-
hancing our understandings of the visual status of 
dyslexic schoolchildren especially in a Black popula-
tion in South Africa, which has received limited re-
search attention. Secondly, the information obtained 
will assist policy makers, educators, school nurses, 
psychologists as well as optometrists in making in-
formed decisions on the visual characteristics of dys-
lexic children. Thirdly, this study highlights some 
methodological issues inherent in assessing visual 
functions in dyslexic schoolchildren. 

The limitations in the study, which may affect the 
generalization of the findings, include relatively small 
sample size, refractive error was assessed without the 
use of cycloplegia and the assessment of relative ac-
commodation using trial lenses. Suppression was not 
monitored during some binocular procedures and 
possibly should have been.

It is recommended that future studies (i) be ran-
domised using large sample size (ii) assess refractive 
error under cycloplegia (iii) assess accommodative 
facility and fusional reserves using suppression con-
trol (iv) assess relative accommodation using the pho-
ropter.

Conclusion 
The data from this study shows that the prevalence 

of vision defects was similar between the dyslexic 
and non-dyslexic participants which suggest that an 
association between dyslexia and the vision variables 
investigated can not be inferred. Only poor binocu-
lar accommodation facility at near was significantly 
more prevalent in the dyslexic than the control group. 
However, due to the small sample size, this statisti-

cally significant difference may not imply clinical 
relevance.  Dyslexia is a mild neurological disorder 
of which one sign is motor dysfunction such as eye 
movement disorder5. More complex vision functions 
such as eye movements may be more related to dys-
lexia than peripheral functions (such as visual acuity, 
refraction, near point of convergence, accommoda-
tion functions and fusional reserves). Further research 
in this area is thus warranted.  

The data obtained in this study has clinical rel-
evance and implications for the assessment, detec-
tion and management of vision anomalies in dyslexic 
schoolchildren.
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