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Visual acuity and color vision deficiency 
in amblyopia

INTRODUCTION

Amblyopia is defined as a unilateral or bilateral de-
crease of visual acuity caused by vision deprivation
or a pathological binocular interaction for which no
organic cause can be detected by physical examina-
tion of the eye; in certain cases it is reversible with
therapeutic measures (1). The extent of abnormalities
of other visual functions and the involvement of the
peripheral visual field in amblyopic eyes are less well
understood, as the central visual field is affected pref-
erentially (2). The most commonly recognized visual
disturbance associated with amblyopia is decreased
Snellen visual acuity (2). Reduced visual acuity in am-
blyopia may be accompanied by reduced contrast sen-
sitivity, subnormal binocularity, crowding phenome-
na, nystagmus and abnormal electrophysiological find-
ings in EVP (1-3).

The fovea, which is responsible for central visual
acuity, acquires some of EVP features of the periph-

eral retina in amblyopic eyes. Therefore, functions such
as visual acuity and contrast sensitivity are reduced
in photopic conditions although they are in the nor-
mal ranges under scotopic and mesopic conditions.
Color vision deficiencies in amblyopia are similar to
the defects in determination of the peripheral retina
of the normal eye (1-4).

We evaluated the relationship between visual acu-
ity and color vision deficiency in amblyopia.

PATIENTS AND METHODS

We examined 67 eyes of 64 amblyopic patients who
were followed up in the Pediatric Ophthalmology and
Strabismus Department from January 1997 to Janu-
ary 1998, and 26 eyes of 13 patients as a control group.
For 61 patients one eye, and 3 patients both eyes
were included the study.

All patients underwent a complete eye examination.

PURPOSE. To investigate color vision and its relation with the type of amblyopia and visual
acuity of amblyopic eyes.
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subdivided according to their visual acuity, as less than 5/10 and 6/10 or better.The total
errors, blue-yellow (B-Y) and red-green (R-G) partial error scores were obtained for each
group. One-way ANOVA was used to assess differences between groups.
RESULTS. The error scores of all axes were lower in the control group than the amblyopic
groups (p<0.001), but the differences within amblyopic groups were not significant (p>0.05).
CONCLUSIONS. Deficient color vision in the amblyopic eyes was not related to the visual acu-
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Best corrected visual acuity was determined by E or
letter optotypes on a Snellen chart. All patients re-
ceived cycloplegic refraction, slit-lamp examination
and direct ophthalmoscopic examination. Ocular
alignment was determined using the alternate cover
and cover-uncover test with prism.

Patients with eye diseases other than strabismus,
anisometropia or amblyopia and who had paralytic
strabismus, or vertical deviation were excluded.
None of our patients had had occlusion treatment,
penalisation or eye operation. The unreliable test re-
sults of non-cooperative patients were not included
in this study.

Amblyopia was defined as a best corrected visual
acuity of less than 0.8 on the Snellen chart. Strabis-
mus was defined as a manifest deviation at distance
through best optical correction and viewing on an ac-
commodative target. Anisometropia was defined as
a difference in refractive error (spherical equivalent)
greater than ± 2.00 D between eyes. Combination am-
blyopia, in a subject with both anisometropia and stra-
bismus, was excluded.

Patients with anisometropic amblyopia were divid-
ed into Group 1 who had 5/10 visual acuity or less,
and Group 2 who had 6/10 visual acuity and better.
Patients with strabismic amblyopia were divided in
the same manner, Group 3 having 5/10 and less, Group
4 6/10 and better. An age-matched control group was
set up, with 26 eyes of 13 cases with visual acuity of
10/10 in both eyes without refractive correction
(Group 5). None of these controls had a history of oc-
ular pathology, ocular operations or occlusion or pe-
nalisation therapy.

All cases underwent the Farnsworth-Munsell (Fm)
100 Hue test with illumination by a flourescent day-
light lamp (Philips TLE 22W 54 Diurnal Circular). The
test has 85 hues of similar colour and brightness, rep-
resenting the full color circle. The hues vary gradu-
ally by approximately equal perceptual steps. The col-
ored caps are arranged in four boxes and are num-
bered on the back.

Box 1. Red-orange-yellow (numbers 85-21)
Box 2. Yellow-green-blue (numbers 22-42)
Box 3. Blue-purple (numbers 43-63)
Box 4. Purple-red (numbers 64-85) (4-6).
The observer has to arrange each set of caps in or-

der of hue in each box. The test was given monocu-
larly on the same day with no time limit. Patients did

the test with their better eye first and then with their
amblyopic eye immediately after. In the control group
right eyes were examined first. Although all subjects
were examined for both eyes, only the worst eye of
the 61 amblyopic patients and both eyes of the con-
trols were used in statistical analysis. Only three pa-
tients’ error scores were used in the statistical analy-
sis for Group 1. The observer can make errors with-
in a box but not between boxes.

The test is graded by assigning an error score to
each cap, expressing the degree of mismatch between
the cap and its neighbors (7-8). The total error score
was the sum of scores for the four boxes and was di-
vided into blue-yellow and red-green partial scores.
The blue-yellow partial scores included errors in caps
1-12 12, 34-54 and 76-85. The red-green partial er-
ror scores included errors in caps 13-33 and 55-75.

All statistics were calculated using the square root
of the total or partial error scores, a transformation
which yields a normal distribution (9). One-way ANOVA
was used to assess differences between the five groups,
and multiple comparisons were made using Duncan’s
test.

We compared the results of the control group with
the amblyopic groups to see whether there was a re-
lation between the color discrimination and visual acu-
ity and also within the types of amblyopia (anisometric
or strabismic). We compared the four amblyopic groups
with each other.

RESULTS

The patient’s main data are given in Table I. There
were no differences in age and sex distribution in the
five groups. The youngest patient, aged four years,
was in Group 1. He was well oriented to the test and
his error scores were 116 (blue-yellow), 105 (red-green),
221 (total). Therefore, his error scores were included

TABLE I - BASIC DETAILS

Amblyopic patients Controls

Number 64 13
Male 29 7
Female 35 6
Age (yrs) 6.8 ± 2.1 (4-13) 7.3 ± 1.6 (5-13)
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in the statistical analysis.
The means error scores for blue-yellow, and red-

green and the total for the right eyes of the control
group were 75.61 ± 11.3 (5-218), 61.69 ± 16.15 (7-
159) and 137.61 ± 21.65 (16-37), and 53.53 ± 14.87
(0-129), 39.38 ± 10.07 (0-99) and 92.92 ± 26.87 (7-
228) for the left eyes. The left eyes’ error scores were
lower than the right eyes’, but the differences were
not statistically significant (p>0.05), because of high
standard deviation.

These results showed that testing both eyes did not
give a training effect and there was no improvement
in the second eye. Therefore, we could use the error
scores of both eyes in the control group.

The error scores of both eyes of the three cases in
Group 1 whose visual acuity and error scores were
similar were included in the statistical analysis. The
mean error scores in the blue-yellow axis were as fol-
lows. Group 1, 138.80 ± 90; Group 2; 119.85 ± 49;
Group 3, l69.10 ± 106; Group 4, 134.09 ± 48 and Group
5, 67.76 ± 48.67. The error scores of the blue-yellow
axis in the strabismic amblyopic Groups 3 and 4 were
worse than in the anisometropic groups 1 and 2, and
the worst scores were found in groups with lower vi-
sual acuity (5/10 or less). But the differences between
the amblyopic groups were not statistically signifi-

cant (p>0.05).
The error scores of this axis were significantly high-

er in amblyopic groups than the control group with
visual acuity 10/10 without optical correction
(p<0.001).

The mean error scores in the red-green axis were as
follows: Group 1, 107.12 ± 80; Group 2, 109.33 ± 43;
Group 3, 144.20 ± 78; Group 4, 137.97 ± 74 and con-
trol group 59.88 ± 50. These scores were also worse in
the strabismic amblyopic groups (3 and 4) than the ani-
sometropic amblyopic groups 1 and 2. However, the
differences were not significant (p>0.05). The error scores
in the red-green axis were worse in groups with lower
visual acuity than better visual acuity, but there was no
real difference (p>0.05). The error scores in the red-
green axis were significantly higher in the amblyopic
groups than the control group (p>0.001) (Fig. 1).

The total error scores were the sum of the scores
for the two axes. The mean total error scores were as
follows: Group l, 245.92 ± 166; Group 2, 233.10 ± 87;
Group 3, 313.30 ± 179; Group 4, 271.81 ± 116. No
significant differences were found between amblyopic
groups (p>0.05). The mean total error score in the
control group was 127 ± 94. Differences between every
amblyopic group and the control group were signifi-
cant (p<0.001) (Fig. 1).

Fig. 1 - Error scores of each
group in FM-100 Hue test.
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DISCUSSION

The Farnsworth-Munsell 100-Hue test is widely ac-
cepted as the most sensitive and accurate test of
chromatic discrimination, appropriate for wide-
spread  use in a clinical population (6,8-10). In 1963,
the test was given using a MacBeth Easel lamp, and
in 1984 Verilux (F15 T8 VLX) 15W fluorescent lamps
were used (9). Nuzzi et al (11) used a halogen lamp
(200m 250) and a fluorescent daylight lamp (Philips
TLE 22W 54 Diurnal Circular). We executed the test
under the same type of daylight lamp as Nuzzi et al.

Each patient is asked to arrange the sets of caps
in order of hue. Pokorny and Smith (10) suggested
that in practice this is achieved by only 1-2% of the
normal population. Verriest et al (12) established age
norms for color vision and showed optimal discrimination
with an average error score of 40 for age 20-29 years,
followed by an increase of approximately 15 errors
per decade thereafter.

The test has been used to detect color vision dis-
turbance in various conditions, such as increased
intraocular pressure, optic neuritis, papiledema, di-
abetic retinopathy, pigmentary retinal degeneration,
chorioretinal inflamation and age-related macu-
lopathy (8, 10, 13). Color vision defects are com-
mon in amblyopia, especially when it is severe (1).
Karadeniz et al (5) performed the FM 100 Hue test
on 23 anisometropic patients aged 7-17. They found
a mean error score for normal eyes of 137.43 ± 64.3
and the mean of the amblyopic eyes was 190.39 ±
85.8, the difference being statistically significant (5).
Gezer et al (4) reported lower contrast sensitivity in
strabismic amblyopia than in the normal population
though the red-green and blue-yellow axis. Reduc-
tion of the blue-yellow axis was also more signifi-
cant. Additionally, they showed impaired achromatic
contrast sensitivity.

In our study, the total error score of 127.64 ± 94
for the normal population was close to the errors
reported by Karadeniz et al (5) in a younger group.
These two reports’ gave scores higher than the op-
timum score of 40 for maximum performance in the
third decade. The relatively poor results of our nor-
mal subjects may be due to their young age (9, 12).
Error scores through the total, blue-yellow and red-
green axes in amblyopic groups were higher than in
the control group. Color vision deficiency was not

specific to any color axis.
These findings suggested that amblyopic patients

may have color vision pathologies. In order to in-
vestigate the relation between color vision deficiencies
and visual acuity, amblyopic patients were grouped
according to their visual acuity as 5/10 and less,
and 6/10 and better. The error scores for all axes
were better in groups wlth higher visual acuity but
the difference was not significant. This result did
not statistically support the idea of color sense ab-
normalities, especially in severe amblyopia (1).

Even though all the error scores in the strabismic
group were worse than in the anisometropic group,
no significant difference was present. Trichromatic
vision extends 20 to 30 degrees from the part of the
fixation (7). We did not take into consideration ec-
centricity of fixation in the strabismic group but all
patients had central fixation in the anisometropic
group. Therefore, abnormal color sense in ambly-
opia could not simply have been a function of the
eccentric fixation (1).

About 75% of cortical visual cells are binocular
and many of these are affected by amblyopia (14,
15). Since the binocular cortical cells responsible
for vision in the amblyopic eye are also responsible
for vision in the contralateral eye, the non-ambly-
opic eye may not be normal, as reported previous-
ly (14-16). We did not compare amblyopic and non-
amblyopic eyes in the same subjects. The ambly-
opic eyes were compared with normal eyes with 10/10
visual acuity and with no history of amblyopic ther-
apy. All subjects were tested in both eyes. To per-
mit adaptation of eyes with lower visual acuity, the
better eye was tested first in amblyopic cases and
the results of these eye were included for statisti-
cal analysis in the amblyopic group. Only the error
scores of both eyes of three cases in group 1 were
used since their results were quite similar. In the
control group, the left eyes were tested after the
right, and the differences were minimal. Therefore,
better results in the control group cannot be due to
practice or a learning effect.

Color vision deficiency in males is reported to be
much more frequent than in females (8%-0.4%) (7).
The sex distribution of our amblyopic and control
subjects was similar so the results may be affected
equally by sex in all groups.

Amblyopia is not only a reduction of visual acuity
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but may include other parameters which also affect
quality of color vision (1, 4, 5). In addition to the im-
provement of visual acuity by amblyopia therapy,
improvement in color vision should be investigated
with prospective studies. 
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