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Abstract

Purpose: This study aimed to compare pattern visual evoked potential (PVEP) components in dyslexic
and normal children.

Methods: This cross-sectional analytic study recruited 72 children, including 36 dyslexic and 36 normal
participants aged 8-12 years. Visual examinations included measurement of distance visual acuity, refraction,
and PVEP components of amplitudes and latencies with two different check sizes of 15 and 60 minutes
(min) of arc at two contrast levels of 25% and 100%.

Results: Our results demonstrated significant differences between dyslexic and normal children in terms
of P100 latency and amplitude of PVEP at 25% contrast, with check sizes of 15 and 60 min of arc. However,
there were no significant differences between the two groups regarding P100 latency and amplitude at
100% contrast with check sizes of both 15 and 60 min of arc.

Conclusion: Dyslexic participants showed reduced amplitude and prolonged latency in most PVEP
components at low-contrast levels. These findings may support the magnocellular deficit hypothesis in
dyslexic participants, even though the parvocellular pathway remains intact.
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disability, found in 5-17% of school-age children.*?!
However, dyslexia involves issues that are more profound
than problems in reading alone. Indeed, a neurological
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syndrome can better explain this condition, which
involves many acquired skills.*! Symptoms and signs
found in dyslexia include a strong genetic predisposition,
brain involvement (documented with both structural and
functional imaging), slow visual and auditory processing
(which may explain the visual and phonological reading
problems), attention deficit, poor sequencing, impaired
short-term memory and timing skills, and left-right
confusion.P! It has been suggested that deficits in timing
and visual information processing while reading are
secondary to a disorder in the magnocellular pathway, !
whereas other cerebral deficits originate from a
congenital disorder in the cerebellum, which is the head
ganglion of the magnocellular system.”)

Various aspects of visual function in dyslexic persons
have been investigated to validate the magnocellular
deficit theory; however, the results of visual evoked
potential (VEP) testing in dyslexic participants have been
inconsistent.['#1% Researchers modified specific stimulus
parameters in order to achieve dominant activation of
either parvocellular or magnocellular subsystems. The
outcomes of these studies are conflicting, as several
studies!"#1% found differences between dyslexics and
controls, while others®'”! did not.

The present study applied different pattern VEP
(PVEP) parameters to examine 36 dyslexic children
and 36 age- and sex-matched controls. A previous
study!"” did not find any significant difference in PVEP
components between dyslexic and control groups. In
that study, two check sizes of 15 and 60 min of arc,
with temporal frequencies of 1.5 Hz for transient and
6 Hz for steady-state methods, and contrast of 100%
were employed. Therefore, in the current study, PVEP
parameters (constant temporal frequency, 1.5 Hz, but
at 25 and 100% contrast) were changed to selectively
activate the magnocellular system for potential deficits.

The Ethics Committee of Mashhad University of Medical
Sciences approved the study protocol. The procedure
was explained to all participants and their parents, and
informed consent was obtained before initiating the
examination. This study recruited 72 children, including
36 dyslexic (21 girls and 15 boys, aged 8 to 12 years,
mean: 8.72 + 1.44) and 36 normal participants (19 girls
and 17 boys, aged 8 to 12 years, mean: 9.16 + 1.23).
None of the children was diagnosed with ophthalmic,
neurologic, emotional, or behavioral disorders, or
unusual educational circumstances that could result
in poor reading and spelling!®'?! or low intelligence
quotient scores.*?!! A psychiatrist and a speech therapist
examined all participants by using the National Anger
Management Association (NAMA), a reading and
dyslexia test. A standard Snellen distance vision chart
demonstrated visual acuity of 6/6 or better in each eye

in all cases. Participants underwent refraction to ensure
precise optical correction, and none of the participants
had strabismus. Ophthalmoscopic and biomicroscopic
examination demonstrated no pathological abnormality.
The VEP recording equipment included a Roland RETI
(model ISCEV60, Roland Consult, Brandenburg an
der Havel, Germany) signal-averaging system with
2-8 channels and an amplifier in order to store and
summate the waves.? The amplifier band-pass filters
were set at 1-50 Hz with a sensitivity of 100 uv. The mean
screen luminance was 100 cd/m? at contrasts of 100% and
25% in full-field display. The mean luminance in the test
room was kept at 80 cd/m?, and recording conditions
were in accordance with International Society of Clinical
Electrophysiology of Vision standards. According to
the international method of PVEP electrode placement
(10-20 method), the examiner placed the active electrode
one inch above the inion (Oz). The center of the forehead
was considered as a reference, with a ground electrode
on the vertex (Cz). At a viewing distance of 1 m, two
check sizes of 15 and 60 min of arc were used. The small
15 min of arc stimulus promotes a response largely from
the central section of the visual field (macular area).* It
was found that most of the responses recorded from the
scalp at Oz were apparently foveal responses, because
of cortical magnification. In each recording, 200 sweeps
were averaged, and monocular PVEP was recorded. The
pattern reversal variation rate was 1.5 Hz (3 reversals/s).
The inter-electrode impedance was maintained below
5 Q in each recording.

For statistical analysis, SPSS software version 16 (SPSS
Corporation, Chicago, II, USA) was used. Pearson’s or
Spearman’s correlation tests were used according to
normal or abnormal distribution of data, respectively.

Figures 1 and 2 represent a typical set of results obtained
from participants in each of the dyslexic and normal
children at two different contrasts of 100% and 25%. The
PVEP waves commonly consisted of a negative trough
(N1) of around 75 ms, followed by a positive peak (P1)
of around 100 ms, and then a negative trough (N2) of
around 135 ms.

In Figures 1 and 2, waveforms (1) and (2) are the PVEP
recordings obtained at contrast of 100% in non-dyslexic
and dyslexic children for 15 and 60 min of arc check sizes.
Waveforms (3) and (4) are the PVEP recordings obtained
at contrast of 25% in normal and dyslexic children for 15
and 60 min of arc check sizes.

Table 1 presents the mean (+SD) P100 latency and
amplitude of N, P, ~and P N .. for two check sizes of
15 and 60 min of arc at contrast of 100% in dyslexic and
normal children. In comparing the level of variability, P, |
latency and amplitude of N__P, - and P, N, .. showed no
significant differences between the two groups (P = 0.05).
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Table 1. Mean and (+SD) of P100 latency and amplitude of N, P

ooand P, N for check sizes of 15 and 60 min of arc at

contrast of 100% for the right eye in dyslexic and normal children

100% Contrast

15 min of arc

60 min of arc

Latency (ms) Amplitude Amplitude Latency (ms) Amplitude Amplitude
NTRPH)()(’JV) PlOl)NlTvS(uv) N,';Pll)l)(uv) PlUl)NISS(“v)
Dyslexic 106.27+4.88 18.91+10.51 15.55+8.87 108.94+6.96 17.30+8.22 15.72+8.99
Normal 106.81+7.47 18.40+8.14 12.90+5.41 108.19+6.96 23.64+6.58 14.63+6.58
pP* 0.724 0.518 0.128 0.697 0.130 0.556
min, minutes; ms, microsecond; pv, microvolt; *Based on Pearson’s correlation test
P100 P100
N7 N135 1 N N135 1
P10 P00
A N135 2 4 N135 2
P100 P100
N7 N135 3 N7 N135 3
P100 P100
N75 4/+\*rg N S S N7! N135 4

Figure 1. Waveforms 1 and 2 are the VEP recordings obtained
at contrast of 100% in normal and dyslexic children for 60 min
arc check sizes. Waveforms 3 and 4 are the VEP recordings
obtained at contrast of 25% in normal and dyslexic children
for 60 min arc check sizes.

Table 2 presents the mean (+SD) P100 latency and
amplitude of NP, ~and P, N, . for 2 check sizes of
15 and 60 min of arc at contrast of 25% in dyslexic and
normal children. In comparing the level of variability,
P, latency and amplitude of N,.P, - and P N, ..
showed significant differences between the two groups
(P <0.05), except for P, N, .-in a target size of 15 min of

arc (P = 0.08).

DISCUSSION

The current study confirmed the findings of the
previous study that investigated PVEP in dyslexic
children and demonstrated no significance difference
between dyslexic and normal children in high-contrast
PVEP components.!'”! There were also no significant
differences between the two groups at 100% contrast,
which is in accordance with the previous study. These
results indicate that dyslexic and normal groups showed
similar results for high-contrast components; therefore,
the parvocellular subsystem is not involved in dyslexic
children. Moreover, our results at 25% contrast revealed
that under specific stimulation conditions, PVEP varies

Figure 2. Waveforms 1 and 2 are the VEP recordings obtained
at contrast of 100% in normal and dyslexic children for 15 min
arc check sizes. Waveforms 3 and 4 are the VEP recordings
obtained at contrast of 25% in normal and dyslexic children
for 15 min arc check sizes.

significantly between dyslexics and normal controls.
As in the visual pathway, the magnocellular subsystem
carries low-contrast visual information; therefore, it can
be inferred that the magnocellular pathway is involved
in dyslexic children. Several other studies also claimed
that the magnocellular deficit was involved in dyslexic
participants.[t811-16]

Our findings for P100 amplitude and PVEP latency
revealed significant differences between dyslexic and
normal children for both check sizes. These results
are consistent with previous findings. Romani et al
compared dyslexic and normal participants with
PVEP. Reversal frequencies ranged between 2.1 and
8 HZ at constant contrast (50%), and target sizes were
large (0.50 cpd) and small (2 cpd). They did not find
any significant differences at 2 cpd, but at 0.50 cpd and
reversal frequency of 8 HZ, amplitude and latency of
N70 were decreased. As the presentation of large stimuli
or high stimulation frequency are representative of
magnocellular activity, these data support the theory
of selective magnocellular dysfunction in dyslexics.
Accordingly, these data are in agreement with our
results regarding the of magnocellular deficit hypothesis
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Dyslexic 116.78+13.04 5.22+3.44 5.08+3.63 116.42+12.23 6.48+3.02 4.55+3.04
Normal 108.61+6.42 7.51+3.12 6.82+3.96 108.92+10.29 8.61+3.74 7.05+3.33
p* 0.002 0.012 0.08 0.002 0.004 0.002

min, minutes; ms, microsecond; pv, microvolt; *Based on Pearson’s correlation test

in dyslexic children. In another study, Brannan et al*!
changed temporal frequency and luminance to verify any
possible deficit in the magnocellular system in dyslexic
children. Two groups of children were recruited for
binocular and monocular single channel PVEP testing
utilizing a sinusoidal checkerboard pattern with spatial
frequency of 14 min of arc at three different temporal
frequencies (8, 4, and 1 Hz), and an 8-Hz flicker fusion
stimulus. The stimuli were submitted under high and low
luminance circumstances. Significant effects were found
for monocular versus binocular viewing, high versus
low luminance, and temporal frequencies. Equivalent
analysis of latencies revealed no significant differences.
The significant difference in PVEP amplitudes between
the two reading groups provided an objective measure of
a deficit in the magnocellular pathway. In our study, we
did not change the luminance or temporal frequency, but
both studies supported the same theory of magnocellular
impairment. In a study by Kobayashi et al'"* reversed
patterns of white and black sinusoidal gratings recorded
at a low spatial frequency, high reversal frequency of
7.5 Hz, and low contrast were used to stimulate the
magnocellular system. They found lower peak PVEP
amplitude in dyslexic children. These results confirmed
our findings. However, Kobayashi used different
methods, sinusoidal gratings and parameters, and high
reversal frequency (7.5 Hz).

Livingstone et al'? applied variable stimulus
contrast, ranging between 2% and 20%. In all conditions,
parameters were lower in dyslexics, but the difference
was significant for rapid stimulation only at 1% and
2% contrast. These results were convincingly stated by
the authors, and supported the magnocellular deficit
hypothesis of dyslexia. In contrast with our study,
Livingstone used a small sample size (5 dyslexics and 7
normal). We did not change reversal frequency in our
study, but the reduction in amplitude and latency along
with changing contrast is consistent with Livingstone’s
findings and supportive of the magnocellular pathway
deficit in dyslexic children.

Our findings are in contrast to those in some of the
other studies. Brecel et al® investigated the simultaneous
pattern electroretinogram (PERG) and PVEP in dyslexics
and normal controls. They used various check sizes

(24, 49, and 180 degrees) at different contrasts (5%, 42%,
and 100%). The main finding of this study was prolonged
P100 at 100% contrast and a 24-degree target. Therefore,
they concluded that the magnocellular deficit exists
in dyslexic cases. However, we observed significant
differences at lower contrasts and no difference at higher
contrasts, which could be attributed to the use of different
methods (PERG and PVEP) and parameters (different
sample size and temporal frequency) employed in the
two studies.

Although our results support the magnocellular deficit
hypothesis in dyslexic children, we should consider
other factors such as color, movement, and temporal
stimulus modulation to clearly demonstrate that the
selective magnocellular pathway is affected. However,
several previous studies claimed that the motion-onset
PVEP is better for studying the magnocellular system in
dyslexia.***! Additionally, our findings suggest that for
clinical evaluation of dyslexic participants, comparative
tests such as visual acuity should be set at lower contrast
thresholds for better investigation of visual problems.

In conclusion, in the present study, we found no
difference in PVEP responses at high contrast in terms
of amplitude and latency between dyslexic and normal
children, which indicated an intact parvocellular system
in the dyslexic group. However, dyslexic participants
showed diminished responses in most PVEP components
of latency and amplitude at low contrast, which might
supporta defect in the magnocellular pathway in dyslexia.
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