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Ophthalmological Status of School Children with

Dyslexia

HENRY AASVED
Bergen, Norway

Itis a great honour for me to be the European
Guest Lecturer at the Oxford Ophthalmo-
logical Congress.

For the past few years I have undertaken an
extensive analysis of the ocular status of
school children. This project was originally a
large educational and psychological investiga-
tion of school children in Bergen coordinated
by Professor H. J. Gjessing at the University
of Bergen. We were, in our Eye Department,
fortunate in being able to perform eye exam-
inations on the same children.

From the ophthalmological point of view
there have been, and still are, many contro-
versial ocular phenomena related to reading
difficulties. Impaired vision may, of course,
cause reading problems. It is common, how-
ever, that when people with limited sight man-
age to read, with or without visual aids, this is
done in a normal fashion, although for some
this is somewhat slower than for those with
normal vision. Reading disturbances may also
occur when there is an insufficiency of con-
vergence and in relatively few cases in those
with ordinary latent strabismus. Other con-
troversial points are refractive errors, sac-
cadic eye movements, impaired fusion, visual
suppression and factors concerning eye and
brain dominance, especially crossed domi-
nance. During the past few years there has
been interest in the phenomena of the refer-
ence eye, (the dominant or leading eye in a
binocular situation). Some optometrists have
shown a great interest in the field of dyslexia
with special reference to treatment with pris-
matic glasses.!-3#

From the neurological point of view there
are also some phenomena under consider-
ation i.e. minimal brain dysfunction, elec-
trophysiological ~ brain  changes  and
anatomical brain changes shown by computer
tomography.3*+7

Different professions approach reading
problems from different angles. With this in
mind, it was of great interest to carry out a
series of eye examinations in the Bergen
study. One cohort from the Bergen schools,
3217 pupils, was the subject of very extensive
analysis from the educational and psychologi-
cal points of view. This was done during the
first and second grades with a follow up at the
third and fourth grades. At the end of first
grade examinations were carried out by
orthoptists and ophthalmic assistants on
about 3,000 pupils, (90% of the whole group).
Thus we obtained considerable data from two
different professions on the same school chil-
dren and extensive analysis has been done to
correlate the relationships between the eye
characteristics and the reading and
orthographic writing ability.

The screening examinations gave much epi-
demiological data, but Table I shows only the
occurrence of squint. The sum of manifest and
intermittent strabismus was about 4% on
examination both for reading and at a distance
of 6 metres.

For near distance latent strabismus
occurred in about 80% of cases. Thus, at near
distance, latent strabismus is a normal finding.
At a distance of 6 metres heterophoria was
found in slightly less than 50% of those
examined.
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Table I Phorial/tropia among the school children

%

Fixation distance

0.3m 6m
Phorialtropia No. % No. %
Manifest strabismus 82 27 93 3.1
Intermittent strabismus 41 1.4 25 09
Latent strabismus 2435 81.2 1376 46.3
Orthophoria 440 14.7 1477 49.7
Total no. examined 2998 100.0 2971 100.0

Figure 1 shows different visual acuity com-
binations versus reading ability. Although the
best visual acuity combination shows the best
curve with the lowest figure at the poorest
reading level and the highest figure among the
best readers, the rest of the visual acuity com-
binations shows an almost similar course, and

the differences were not statistically
significant.
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Fig. 1. Visual acuity versus reading ability.

The curves for the children with latent,
intermittent and manifest strabismus compare
well with the curve for scholars with
orthophoria (Fig. 2). Analysis of the different
types of latent strabismus showed closely
related curves, where the best curve is repre-
sented by scholars with some vertical compo-
nent in their strabismus (Fig. 3).

The curves for children with crossed and
uncrossed eye and brain dominance lie close
to each other and to the curve for the total
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Fig. 2. PhorialTropia 0.3 M versus reading ability.
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Fig.3. Latentstrabismus 0.3 M versus reading ability.

%o

70

65

60 [

55 |-

50 |-

45 -

40 |-

35

30 |-

25 |-

20 |

15

10 {.

sk

0 1 1 N - | 1 | 1 L L ' 1
0 1 2 3 4 5
Low Reading ability High

Dominance Eye Hand:

Right-Right -------- Left-Left — — -
Right-Left —-—-— Left-Right ——
Total material — ——
Fig. 4. Crossed and uncrossed dominance versus

reading ability.

number tested (Fig.4). The curves for the dif-
ferent prism fusion findings show almost the
same course (Fig. 5). .
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Fig. 5. Prism fusion versus reading ability.

In performing the analysis we also took into
account different factors which might influ-
ence the relationship between eye characteris-
tics and reading ability. A very important
point in this context is the differentiation of
the children’s school ability. Based on psycho-

School achievement

% <-1S.D.

logical analysis the children were divided into
four school ability groups, with the dividing
points at minus 1, zero and plus 1 standard
deviation. When comparing the groups of
school children with the lowest and highest
achievement rate we obtained the course of
curves for the eye characteristics as shown in
Figure 6, which represents visual acuity versus
reading ability. In the group with the lowest
ability the highest figures were found among
the poorest readers, and the lowest figures
amongst the best readers, while the curves for
children in the higher achievement group
showed almost the reverse, with lowest figures
among the poorest readers and most of the
pupils in the best reader group. The results
were independent of the visual acuity. It is
therefore very important to take into con-
sideration many factors when talking about
the relationship between all kinds of eye func-
tions and reading ability.

Table II gives a summary of some of the eye
characteristics found in children at different

>+18S.D.
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Table II  Ocular characteristics at various reading ability levels

Stereopsis Strabismus: 1/3M Prism fusion Central

Reading negative Manifest Intermittent Latent <20 D Suppression
Level % % % % %
1 5.6 33 13 83.8 6.7 10.3
2 73 3.2 23 83.2 6.5 10.1
3 8.4 3.2 1.4 79.5 73 8.2
4 4.9 2.1 1.6 79.8 6.4 7.4
5 53 2.7 1.3 79.4 5.7 7.9

153 72 39 2097 165 218
Chi2, p. 13 .74 .80 .33 .84 .45

levels of reading ability. The ocular findings
are almost the same through the different
reading levels. The conclusion of the analysis
on this general basis was that among the pupils
with low reading ability there were no ocular
characteristics which had a statistically signifi-
cant difference from those of pupils at the
higher reading levels. It should be mentioned,
however, that these results represent groups
of pupils and one cannot exclude the possi-
bility that there may be a connection between
visual problems and reading and writing diffi-
culties for certain individual pupils. The
pupils with different types of reading and writ-
ing difficulties based on educational and psy-
chological analysis therefore underwent an
extensive follow-up examination at the
orthoptic department and also by one of the
professors in the eye department. The follow-
ing eye functions were examined:

(i) Visual acuity, refraction by retino-
scopy in cycloplegia.

(ii) Eye position by cover test and prism
cover test.

(iii) Ocular motility.

(iv) Convergence ability.

(v)  Accommodation.

(vi) Simultaneous perception.

(vii) Fusion and stereopsis examined on
the synoptophore.

(viii) Prism fusion test.

(ix) Bifoveal fixation examined by the 4
diopter prism base out test.

(x) Examinations of the dominant eye
both in the monocular situation and
with special interest in ‘the reference
eye test’.

In addition we obtained information from
the parents about the child’s reading ability.

The total dyslexia group involved 259
pupils, that is approximately 8% of the
cohort, of whom 162 were boys (62.5%) and
97 girls (37.5%). Among these, 253 partici-
pated in the initial eye examination and 204
went through the extensive follow-up examin-
ation. With the remaining 49 dyslexia cases,
the analyses were made separately on the
basis of the eye data from the screening tests.

On the basis of the educational—psycho-
logical tests the 259 pupils were divided into 4
main dyslexia types, according to the Gjess-
ing-model: Auditory (99), audiovisual (22),
visual dyslexia (71) and others (67). The last
group comprises secondary dyslexia types due
to exogenous factors such as emotional, edu-
cational (school, home), foreign language and
other factors.

The dyslexic pupils were divided into 4
school ability groups. On the basis of the
achievement tests administered during the
first four grades, the pupils were also divided
into 3 groups according to their educational
progress. The ocular data has been analysed
separately for the different sub-groups of dys-
lexic children in order to avoid factors which
may distort the final results. This paper deals
with the total groups of dyslexic patients. This
is justified because the sub-grouping did not
give any further information regarding the
relationship between eye characteristics and
reading difficulties.

Table III shows the prevalence of some of
the most important eye conditions in the vari-
ous dyslexia types, compared to the normal
readers, given in percentages.

The illustrations indicate a tendency



OPHTHALMOLOGICAL STATUS OF SCHOOL CHILDREN WITH DYSLEXIA 65

Table IIl  Prevalence of eye conditions in the various dyslexia types compared to normal readers

Dyslexia types

Normal readers  Auditory Audio-visual Visual Others

Characteristic % % % %
Visual acuity <6/9

in one or both eyes 4.2 1 9.1 2.9 4.0
Manifest strabismus 0.33 m 3.9 1 9.1 43 7.9
Latent strabismus 0.33 m

Convergent 11.1 20.2 18.2 13.0 19.0

Divergent 69.8 64.6 68.2 78.3 61.9
Convergence ability >14 cm 3.6 3.0 S 4.3 1.6
Simultaneous perception

prism 520 D 0.33 m 2.3 4.0 4.5 1.4 4.8
Prism fusion <20 D 6.1 6.1 9.1 2.9 6.3
Poor stereopsis 59 7.1 9.1 1.4 7.9
Central suppression 8.3 10.1 13.6 7.2 9.5

N ~2.740 22 69 63

towards somewhat higher prevalances of
some eye characteristics in some of the dys-
lexia types than among normal readers. This
refers to limited visual acuity in one or both
eyes, manifest strabismus and latent con-
vergent strabismus. These differences, how-
ever, are not statistically significant for any of
the groups. Most of the eye characteristics
occurred with about the same prevalence in
the different dyslexia groups as among normal
readers. This was found for spherical refrac-
tion, astigmatism, exophoria, ocular motility,
convergence ability, simultaneous percep-
tion, fusion, stereoscopic vision as well as
central visual suppression. All the pupils had
accommodation to less than 12 cm from the
eyes.

Special attention was paid to the reference
eye test. This examination of the dominant or
leading eye in a binocular situation is done on
the synoptophore. Pictures are used where
detailsstimulate the central two degrees of the
retina. The evaluation of the reference eye is
not simple, and to get more reliable infor-
mation the children were sent for again and
the test was repeated ten times for each child.
The examination was also carried out on a
comparable control group of children. The
examination can demonstrate the normal
reference eye when the leading eye is on the
same side as the preferred hand, crossed cor-
respondence when the reference eye and
preferred hand are on opposite sides, alter-
nating or shifting correspondence which

means that a stable reference eye is not estab-
lished. The result may also show that a refer-
ence eye has not developed at all, as in cases
with suppression of central vision in manifest
strabismus. The initial research?? seemed to
indicate that a crossed reference eye occurred
with particularly high frequency in cases with
visual dyslexia. Later observations seemed to
indicate that unstable reference eye occurred
particularly in visual dyslexia.’” As a con-
sequence of these results great efforts have
been made to change or establish a stable
reference eye by occlusion. Later investiga-
tions, however, have raised doubt about the
validity of these observations.®*4” The results
of the reference eye test can be seen in Figs. 7
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Fig.7. Reference eye test for 171 dyslexic children and

89 controls.
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Fig. 8. Reference eye test for 171 dyslexic children by type of dyslexia.

and 8. When comparing the dyslexia group
and the control group the test data are very
much the same. Figure 8 also shows that in
different dyslexia groups shifting reference
eye occurred most frequently, but there were
no significant differences between the various
dyslexia groups. Thus we have no scientific
basis for treatment of any kind of dyslexia by
occlusion.

Eye conditions requiring additional
examinations

At the follow-up examination there were 55
pupils whose eye conditions required further
examination and evaluation, among these
were 26 children with errors of refraction, 15
with manifest strabismus and 16 with latent
strabismus. Three children in the last group
also had errors of refraction. They were dis-
tributed in the four dyslexia groups in
approximately the same way as for the total
dyslexia group. A follow-up examination of
these 55 children S years after the screening
gave some interesting findings (Table IV).
Among the 26 pupils with errors of refraction,
24 had glasses or were prescribed glasses in
1980. Only 8 of these pupils still used the
glasses 5 years later, all of them with hyper-

metropia of more than 3 dioptres or astigma-
tism of more than 2 dioptres while the
remaining 16 children felt no need for their
glasses after a short trial period. When dif-
ferentiating the pupils according to aptitude
level most of the pupils who scored higher
than minus 1 standard deviation were good
readers, while the pupils with lower school
ability were distributed evenly in the 3 cate-
gories of reading ability.

The same pattern was also found for the
pupils with latent strabismus. In 1980 seven of
them were prescribed prismatic glasses, but
only two used these glasses 5 years later and
the pupils in the lower ability had a clear tend-
ency to be poorer readers than the pupils with
higher scores.

Among the pupils with manifest strabismus
there was a higher percentage using the pre-
scribed glasses 5 years later, but the distri-
bution in the 3 categories of reading ability
showed the same pattern as the 2 other groups
of children.

These, in addition to other findings, indi-
cate that dyslexic pupils with high school abil-
ity more easily overcome reading difficulties
and may benefit more from educational treat-
ment than the pupils witha low aptitude level.
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TableIV. Ocular and reading status among 55 dyslexic children five years after screening

A. Errors of refraction:

Glasses

Aptitude Glasses 1985 Reading ability 1985
level N 1980 Yes No Good Average Poor
>-1z 15 13 4 9 12 3 0
<-1z 11 11 4 7 4 3 4
B. Manifest strabismus:
Aptitude Glasses Reading ability 1985
level N Surgery 1980 1985 Good Average Poor
>-1z 10 3 5 5 8 2 0
<-1z 5 1 3 1 2 1 2
C. Latent strabismus:

Refractive
Aptitude glasses Prismatic glasses Reading ability 1985
level N 1980 1985 1980 1985 Good Average Poor
>-1z 11 2% 1 1 7 4 0
<-1z 6 1* 0 S5** 1 0 2 3

* These 3 children are also included in A.
** One pupil had prismatic glasses after surgery.

Conclusion

To sum up we can draw the following con-
clusion from the extensive analysis: The
ocular status is almost the same among dys-
lexic children as among children with normal
reading ability.

Most children with abnormal eye condi-
tions do not have dyslexia.

In general there is no causal relationship
between eye characteristics and reading/writ-
ing difficulties.

However, in dyslexic children, eye abnor-
mality may be an additional burden and
should be given optimal treatment.
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