
Introduction

Continuing search for etiological factors of dyslexia mo-
tivated also a lot of recent studies using various methods
(PET, functional MRI, electrophysiology of the CNS, psy-
chophysical examination) to verify the hypothesis of the vi-
sual magnocellular pathway involvement (5). There are
quite new findings supporting the theories about a delayed
signal transmission within the magnocellular pathway
and/or a decreased activation of the visual association cor-
tex – particularly of the medio-temporal (V5) area which is
reported to be specialised for motion processing (4,13).
However, some other results (7,14) are not in agreement
with the opinion that quite large part of the dyslexic people
has a deficit in visual functions. Since knowledge of the ba-
sis of dyslexia is crucial for strategy of its rehabilitation, we
tried to enlarge our previous study (10) of motion related
visual evoked potentials (VEPs) specifically testing the
magnocellular pathway (1,9) in dyslexic children. Simulta-
neously, we have tested whether the suspected visual deficit
in dyslexics is attributable to a delay in magnocellular sys-
tem maturation (according to some reports – e.g. by Bar-
nard et al. (2)) and also if it is possible to influence the
function of this system with the use of various light
wavelengths (reported e.g. by Williams et al. (16) or Solan
(11)).

Methods and subjects

Three groups of subjects were used for electrophysiolo-
gical testing of visual function. We have examined 10 dys-
lexics (mean age 14.0 ± 1.1 years) from the group of 20
children who have been tested already 4 years ago (10) –
group No. 1 in Tab. 1. The second group consisted from 25
dyslexic children (mean age 10.0 ± 1.9 years) randomly se-
lected in the 2nd and 3rd classes of a specialised school for
dyslexics. In the third group 7 control subjects (normal re-
aders of the mean age 13.7 ± 1.1 years) from the previous
study (10) were repeatedly examined after 4 years interval.
All subjects had visual acuity 6/6 or better (with correction
if needed).

The same set of VEPs examinations was done in each
subject. Transient pattern-reversal visual evoked potentials
(P-VEPs) were acquired with high contrast (96%) square-
wave black and white checkerboard (element size 40’). Two
variants of motion-onset VEPs (M-VEPs) were used. The
first one - linear motion (random order of fundamental di-
rections, velocity 10 deg/s) of low contrast (10%) isolated
checks (40’ check size and 120’ check-to check-distances)
had grey, green, blue, yellow and pink modifications (equi-
valent wavelengths to recommendations by Wilkins et al.
(15)). Second motion stimulus consisted of low contrast
(10%) grey concentric frames with increasing size and mo-
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In many cases, the pathology of the M-VEPs represents
a splitting of the motion-specific negativity. The mean la-
tency of the later peak is indicated below the first N160
peak value (number of such cases is given in parenthesis).
This splitting can be interpreted as a partial deficiency of
the magnocellular pathway with normal signal transmission
in some fibres (channels). The higher incidence of patho-
logical latencies (split N160 peaks) in expansion motion
(having higher velocity in periphery of the stimulus field)
might be explained as a predominant involvement of the hy-
pothetical “high-velocity” channel. The rather low percen-
tage of the pathological M-VEPs in the new dyslexic group
(48% - in “expansion” stimuli and 20% in linear motion) in
comparison with the previous study (70% in linear motion)
(10) indicates that the visual pathway deficit represents
only one of the etiological factors responsible for dyslexia.
Thus, its occurrence can vary substantially in small groups
of randomly selected dyslexics (see e.g.(13)). Comparing
the cumulated results in both groups of dyslexics, linear
motion and “expansion” M-VEPs display about the same
percentage of prolonged latencies – 42% and 48% respecti-
vely.

It seems that in some children from the new dyslexic
group (4 out of 25) the diagnosis of dyslexia need not be ap-
propriate. They had namely quite low value of IQ (below
90) and the criterion that the difference between the IQ and

the reading quotient should be at least 20 (to exclude that
the reading disability is not related to a mental retardation
only) was not fulfilled. When we would exclude these sub-
jects, the percentage of delayed M-VEPs in the new group
would increase up to 57%.

Comparison of the older re-tested dyslexics with the
new group of dyslexics does not show significant decrease
of the latencies dependent on the age. However, there is
highly significant shortening (p<0.001) of the M-VEPs la-
tencies in this older group when compared to the results
from the time four years ago, which documents substantial
maturation of the magnocellular pathway in dyslexics.
Similar but non-significant shortening of latencies is visible
also in the group of normal readers, indicating that the
maturation of their magnocellular pathway is quicker in
the lower age. Despite of the described improvement of
M-VEPs latencies in dyslexic children, they have not reached
the M-VEPs parameters of the age matched normal readers
(including the occurrence of the split N160 peaks). This ob-
servation fits well with the persisting low values of the read-
ing quotients in majority of the adolescent dyslexics,
although we have not found any significant correlation bet-
ween the reading quotients and M-VEPs parameters. This is
explainable by the fact that the difficulty of the used read-
ing tests increases with the age of subjects. (Note that the
reading quotients in Tab. 1 staid about stable over the peri-
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tion velocity (centrifugal expansion) from the centre (fixa-
tion point) towards periphery (respecting the size of the re-
tinal perception fields and sensitivity differences to motion
velocity across the retina). Both moving stimuli had the
same timing – 200 ms of motion were followed by 1s inter-
stimulus interval (stationary pattern). Visual stimuli for the
VEPs testing were generated on a computer monitor
(ViewSonic 21”, 100 frames/s, total display size 30x40 deg)
with the mean luminance of 17 cd/m2. With respect to uni-
form results to monocular and binocular stimulation in our
previous study (10), only binocular VEPs were recorded in
unipolar leads Oz, Or, Ol (5 cm to the right and left from
the Oz), Cz and Fz and in the bipolar lead Oz-Cz with
a sampling rate of 500 Hz. 40 epochs (sweeps) of 440 ms
duration were averaged. Peak latencies and amplitudes of
P100 in the P-VEPs and of the motion-specific N160 peak
in M-VEPs (8) were evaluated. Data from the lead with
maximum response (typically Oz in P-VEPs and Ol or Or in
M-VEPs) are presented here.

Besides the VEPs, a frequency analysis of the resting
EEG with eyes closed was accomplished in the new group
of dyslexic children. 16 periodograms of 4s epochs (1/4 Hz
resolution) were averaged (Bartlett’s method (3)) and rela-
tive EEG “power” in theta and alpha bands as well as the
“dominant frequency” were evaluated. Subsequently also
IQ and reading quotient (number of correctly red words in

one minute interval related to the age of the child) of these
dyslexics were evaluated.

Results and Discussion

P-VEPs did not display any significant differences bet-
ween the children and adult people as well as between the
dyslexics and controls. It confirms our previous findings
about an early maturation of the parvocellular pathway
(10) predominantly activated by pattern-reversal stimulati-
on (9) and gives another evidence about the intact parvo-
cellular pathway in dyslexics.

The M-VEPs findings are summarised in Tab. 1 that co-
vers also 4 years old data of the re-tested groups of dyslexics
(No. 4) and normal readers (No. 5) for better comparison.
Moreover, normal parameters of M-VEPs tested in healthy
adult people (group No. 6) are also given. There was again
(as it was in our previous study) a significant delay in res-
ponses to motion stimuli in dyslexics (p<0.01), which is
more evident in responses to expansion stimulation (ab-
normal latency in 48% of dyslexics) than in those to linear
motion (delayed only in 20% of dyslexics). The “expansion”
is more efficient motion stimulus because it activates seve-
ral populations of direction-and velocity-sensitive cortical
neurones simultaneously. (Expansion stimuli were not used
in our previous examinations four years ago.)
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Tab. 1: M-VEPs examination results.

M-VEPs (linear motion) M-VEPs (expansion)
Reading Intelligence N160 N160 N160 N160 

Group n age quotient quotient latency amplitude latency amplitude
[ms] [µv] [ms] [µv]

1. Re-tested dyslexic
162.3 ± 12.6 186.8 ± 31.2

children
10 14.0 ± 1.1 84.4 ± 11.8 - 272.5 ± 34.8 11.5 ± 11.2 271.3 ± 7.0 11.7 ± 5.9

(n=4) (n = 3)

2. Dyslexic children
173.2 ± 20.6 182.3 ± 33.6

- new group
25 10.0 ± 1.9 78.8 ± 9.9 99.8. ± 8.3 272.5 ± 34.8 10.7 ± 5.5 251.1 ± 21.9 14.8 ± 6.4

(n=1) (n = 9)

3. Re-tested normal
158.0 ± 10.5 164.0 ± 20.8

readers
7 13.7 ± 1.1 - - 214.0 10.4 ± 3.5 260.5 ± 12.6 13.9 ± 6.8

(n=1) (n = 4)

4. Group of re-tested
dyslexic children 10 10.0 ± 1.1 86.7 ± 9.4 - 236.4 ± 10.8 8 ± 2.3 - -
- results 4 years ago

5. Group of re-tested
normal readers 7 9.7 ± 1.1 - - 167.1 ± 6.4 7.9 ± 1.6 - -
- results 4 years ago

6. Normal adult
subjects 25 25.1 ± 9.3 - - 160.3 ± 8.8 8.4 ± 5.8 149.5 ± 12.7 11.4 ± 5.4

The bottom values of the N160 latency represent the latter part of the split N160 peaks. Number of such cases is given in
parentheses.
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Fig. 1: Distribution of the N160 peak latencies (x – axis) and amplitudes (y – axis) of the M-VEPs to linear motion of iso-
lated checks in grey, green, blue, yellow and pink colour (constant luminance of 17 cd/m2 and Michelson contrast of 10%).
Data from the group of 25 dyslexics are presented here. Vertical line represents an upper limit of the norm for M-VEPs la-
tencies in age-matched normal readers (non-colour stimulus).
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Introduction

The association of inflammation with acute myocardial
infarction (AMI) has been known for over a half of the
century. Inflammatory lesions seen in tissue specimens
many hours to days after the onset of infarction reflect, in
part, a healing process. In recent years many investigators
have studied the potential pathogenic role of inflammation
in the myocardial ischaemia-reperfusion (MI/R) process
(11).

Inappropriate inflammatory response can cause severe
tissue destruction. During ischaemia-reperfusion, such as in
acute myocardial infarction, the tissue damage may result
not only from direct anoxic and hypoxic injury but also
from other deleterious events occurring after the blood
flow reestablishment to the occluded vascular bed. Reper-
fusion injury is partly caused by oxygen radicals, proteolytic
enzymes and cytokines released by adhered and activated
leucocytes that infiltrate into the affected area, because

neutrophil depletion or prevention of neutrophil accumula-
tion significantly diminishes tissue damage and enhances
the recovery of cardiac function (5).

Recent studies have focused on the possible role of the
soluble early mediators of acute phase response during
MI/R process. Particular emphasis has been given to the
study of acute response proteins (C-reactive protein, α1 an-
titrypsin, serum amyloid) and cytokines.

Key role of interleukin 1beta (IL 1β), interleukin 6 (IL 6),
interleukin 8 (IL 8), and tumor necrosis factor alpha
(TNF α) in the process of lymphocyte, neutrophil, and pla-
telet activation has been shown in previous studies
(8,9,12,14). Elevation of plasma IL1β, IL 6, IL 8, TNF α,
and soluble adhesion molecule levels (ICAM 1, E-selectin
etc.) in the course of ischaemic event have been studied ex-
tensively. Based on these observations, new medications
should have protective effect on myocytes, preserve myo-
cardial cell function by decreasing ischaemic and reperfu-
sion effect, and limit the area of necrosis.
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od of four years.) Developmental theory of the “visual” va-
riant of dyslexia fits well with the higher occurrence of this
disorder among boys who are considered to have slower
biological maturation in comparison with girls.

Manipulation with colours has not brought any signifi-
cant effect onto the M-VEPs latencies. Nevertheless, the
yellow colour increased significantly the M-VEPs amplitude
in both groups of dyslexics. It is in agreement with a finding
of Solman et al. (12), however, it does not support the for-
mer theory that blue colour filters reducing red light and
contrast can improve reading – likely via a better function
of the magnocellular pathway (e.g. 16,11). Comparison of
M-VEPs parameters (including the latencies of the later
part in case of the split N160 peaks) in grey and colour sti-
muli provides the scatter diagram in Fig. 1 (data from 25
younger dyslexics). It is evident that distribution of the
N160 latencies, both of normal and pathological values, is
independent on the stimulus colour.

Abnormal EEG frequency spectra parameters were
found in only two (out of 25) dyslexics who displayed pre-
vailing theta activity and the dominant frequency below
8 Hz. Thus, we cannot confirm existing findings of signifi-
cant EGG frequency spectra abnormalities in dyslexics
(e.g. 6). No correlation between the EEG, VEPs parame-
ters and reading quotients was proved. However, a positive
correlation between IQ and EEG dominant frequency (r =
0.53) in the group of younger dyslexics supports our above
specified speculation that the relatively low rate of the pat-
hological M-VEPs in this group can be caused by subjects
with the low IQ who are incorrectly considered as dyslexics.
Thus, in our continuing research much more attention must
be paid to correct classification of dyslexic subjects.

Conclusions

1. M-VEPs examination enables to detect magnocellular
pathway and/or temporal association cortex disorder in
a subgroup of dyslexics.

2. This disorder might represent a delayed maturation of
the visual system or of the association and cognitive bra-
in areas as one of the etiological factors contributing to
the reading disability.

3. The gained M-VEPs data do not support the theory
about the influence of light wavelength onto the magno-
cellular pathway function.
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