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Background 

Dyslexia is the most common learning disability, accounts for 5 to 
17% of  the school-aged children [1, 2]. Dyslexia is defined as an 
impairment in which the child faces difficulties learning, reading 

and writing relative to IQ [3]. This developmental disorder affects 
lots of  acquired skills in addition to reading, writing and spelling, 
such as skills automatisation, balance, phonological awareness, se-
quential tasks, handwriting and articulation. It has been proved 
that all these deficits are caused by a disorder in cerebellum [4].

It has been suggested that deficit in sequencing and visual in-
formation processing are caused by a disorder in magnocellular 
pathway [3]. In addition, cerebellum is the head ganglion of  mag-
nocellular system [5]. Therefore, it may be hypothesised that all 
the observed difficulties in dyslexics are caused by the congenital 
disorder in cerebellum. Majority of  previous investigations have 
focused on developmental disorders including dyslexia. Since 
dyslexia is usually detected when reading started in school-aged 
children, and considering visual system role in reading, investiga-
tors have always interested in finding the relationship between the 
dyslexia and vision. Different aspects of  the visual function have 
been extensively investigated in dyslexia such as routine visual 
acuity tests [6-8] and more complex tests like visual evoked po-
tential and electroretinogram [9, 10]. However, controversies exist 
regarding the outcomes of  the above-mentioned studies.
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Objective

Considering the most reliable theory of  the etiology of  dyslexia, 
impairment in the visual magnocellular system causes reading 
problems [11-13]. Visual magnocellular system is activated with 
peripheral stimulus, low-spatial frequency, fast movement or 
changes in speed [14]. Contrast sensitivity [15],  visual evoked po-
tential [9,10] random dots kinetogram and flicker sensitivity tests 
[15] have been used extensively to evaluate visual magnocelluar 
system, however, results of  the majority of  these investigations 
are not well-matched with this theory [16-18] Kinetic perimetry is 
another test which evaluates the magnocelluar system with mov-
ing target. This test has not been fully evaluated in dyslexia and 
the results of  previous reported studies are not similar [19-21].

Furthermore, reading habit (from left to right or from right to 
left) is an important factor in reading skills. However, the num-
ber of  studies which have been performed in countries, in which 
reading habits are from right to left (e.g. Iran), is very limited. [22]  
The present study has evaluated the ability of  detection acuity 
with kinetic perimetry in dyslexic school-aged children and com-
pared the results with normal matched control group. Static pe-
rimetry and other routine visual examinations such as visual acuity 
and refraction have been also performed.

Materials/Patients and Methods

Ten dyslexic school-aged children and 10 normal age, gender-
matched children (total of  40 eyes) were recruited for this case-
control study. Informed consent was obtained from each partici-
pant (or the patient’s parent or legal guardian), after the nature of  
the experimental procedures had been explained. The research 
followed the tenets of  the Declaration of  Helsinki and was ap-
proved by Mashhad University of  Medical Sciences Research Eth-
ics Committee.

In this study, evaluation was performed by speech therapist and 
based on the available history and records to detect children with 
dyslexia. Participants with other physical problems (e.g. hearing 
difficulty) were excluded from the study population. In addition, 
children's IQ was tested with Wechsler test and those with any 
problems were excluded from the study population. Afterwards, 
visual examinations were performed in an eye clinic. Visual acu-
ity was measured with Snellen chart using appropriate destination 
and room lighting condition.

In addition, vision was evaluated without correction and with 
habitual correction. Near visual acuity was also tested with Snel-
len near chart. To ensure that the subjects met the inclusion cri-
teria, their sphero-cylindrical refractive errors were measured by 
subjective refraction collected by a qualified optometrist. As the 

first step for each participant and to determine the refraction, a 
routine non-cycloplegic subjective refraction was performed. All 
refractions were performed by the same examiner. The traditional 
endpoint of  maximum plus/minimum minus to achieve the op-
timum visual acuity was adopted. To determine astigmatism, a 
crossed cylinder was used to locate the axis and power. All cases 
had visual acuity of  6/6 or better. In addition, fundoscopy was 
performed with direct ophthalmoscope and children with any 
posterior segment disorder were excluded.

Octopus perimeter 101 (Octopus 101, Haag-Streit Inc., Koeniz, 
Switzerland) was used for assessing static and kinetic visual field. 
Initially, static preimetry for central two degrees of  the macula 
was performed. Foveal threshold contrast was obtained based on 
the presentation of  20 small bright light points (with 4 mm diam-
eter). Then, kinetic perimetry, with a bright light moving target 
(1mm diameter and 4 degree per second speed), was performed 
in different axis. Measured locations included 0, 45, 90, 135, 180, 
225, 270 and 335 degree eccentricities. The subjects were asked 
to look at the central fixing point, hold a button in his hands and 
press it as soon as he/she sees the moving stimulus in peripheral 
visual field. These pointes were recorded automatically relative to 
the center. Target was presented in two different brightness 15 
and 20 db. Visual field experiment was performed for the right 
eye and the left eye, respectively. Isopters were drawn and total 
area for each eye in each brightness, and area for each hemifields 
(right, left, up and down) were recorded. These areas are present-
ed in kinetic perimetry with degree2 and then it is transformed 
according to the following formula to ease comparison:

St = deg2/(180/ת)2

R is the perimeter hemisphere diameter (in centimeter), and deg2 
is calculated area based on the degree power which is presented 
by the system after drawing isopters. Statistical analysis was per-
formed using SPSS version 17 (SPSS Inc., Chicago, Illinois, USA). 
Kolmogorov-Smirnov test was used to ascertain the normality of  
the data and in the case of  normal distribution; t test was used to 
compare the results between groups and genders.

Results

20 children aged from 7 to 10 years with mean age of  8.5 par-
ticipated in the current study. Our results showed that the mean 
spherical equivalent (MSE) were not significantly different be-
tween two groups (Table 1).

The average of  foveal sensitivity was not also significantly differ-
ent between two groups (Table 2).

However, kinetic visual field results showed that the mean of  vis-

Table 1. Mean and Standard Deviation of  MSE in Normal and Dyslexic Children.

Refractive errors(dioptre) Normal Dyslexia P value
MSE 0.84± 0.56 1.03± 0.43 0.47

Table 2. Mean and Standard Deviation of  Foveal Sensitivity in Normal and Dyslexic Children.

Foveal sensitivity Decible(dB) Normal Dyslexia P value
31.66 ± 2.04 30.61 ± 1.57 0.078
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ible surface area in two brightness levels was significantly different 
between normal and dyslexic children and the smallest p-value 
belongs to the brightness of  15 db (Table 3).

Visible surface area of  each hemifield isopter was also compared 
between groups and in all cases the difference was statistically 
significant. The smallest p-value belongs to the inferior hemifield 
(Table 4).

Discussion

The present study investigated the visual function between school-
aged dyslexic and normal children. Based on the present results, 
the average of  refractive errors were not significantly different 

between dyslexic and normal groups which is similar to the results 
of  Latvala and Dusek [7, 8]. The mean of  the foveal sensitivity 
was not significantly different between two groups, similar to the 
previous reported findings. Stevens and Neville showed that par-
vocellular system function in dyslexic individuals is not different 
from normal population. These results confirm the magnocellular 
system defect theories [19]. Grosser and Spafford found signifi-
cant differences in static perimetry test results between dyslexic 
group and a group with high reading ability. Disparity between 
our findings and their results could be due to including individuals 
with high reading ability in their control group [21].
  
Kinetic visual field results in the present study showed that the 
total area in both measured brightness levels and for both eyes 

Table 3. Mean and standard deviation of  observed area in two groups.

Total isopter area Normal Dyslexia P value
15 db 827.73 ± 137.91 673.13 ± 106.86 <0.001
20  db 411.66 ± 96.80 307.85 ± 80.07 0.001

Table 4. Mean and standard deviation of  hemifields in two groups in two brightness levels.

Hemifield area Normal Dyslexia P value
 Up (15 db) 339.94 ±82.65 285.32 ±50.02 0.022

 Down (15 db) 487.72  ±84.16 387.81 ±58.48 <0.001
Temporal(15 db) 507.37 ± 94.16 390.77 ± 74.61 <0.001

Nasal(15 db) 320.08 ± 59.78 280.46 ± 47.51 0.027
Up (20 db) 167.97 ± 51.94 123.92 ±34.01 0.004

Down (20 db) 243.56 ± 57.07 180.17 ±  54.70 0.001
Temporal (20db) 250.74 ± 64.02 173.68 ± 52.41 <0.001

Nasal (20db) 158.91 ± 40.65 125.99 ± 32.29 0.009

were significantly different between dyslexic and normal children; 
Stevens found similar results [19]. The inferior hemifields showed 
the most obvious differences between two groups which is com-
plied with the magnocellular defect theory.

Based on other investigations inferior part of  the visual field is 
mostly presented by the magnocellular pathway. This may explain 
the most significant differences between two groups in inferior 
hemifields and is similar to previous studies [19, 23].
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