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In the absence of strabismus what constitutes a visual deficit
in children?
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Aim: To examine the range of monocular crowded logMAR
acuity and cycloplegic refraction of children aged 3 years
and 4 years without strabismus.
Methods: Data were collected prospectively. All children had
full orthoptic and ophthalmic examination. Inclusion principally required the absence of strabismus, symptoms, and
ocular pathology. Criteria were used to categorise the
refraction findings as normal, borderline, or abnormal.
Results: 118 children aged 3 years (mean 3 years 6 months
(SD 2 months) and 67 children aged 4 years (mean 4 years
4 months (SD 3 months) fulfilled the inclusion criteria. For the
children with normal refraction, the mean monocular
logMAR acuity was 0.200 (SD 0.09) for 3 year olds
(n = 84) and 0.140 (SD 0.08) for 4 year olds (n = 45); the
mean interocular acuity difference (IAD) was 0.03 (SD 0.06)
for 3 year olds and 0.03 (SD 0.04) for 4 year olds. The 95%
confidence limits were calculated for monocular acuity and
IAD and compared to the acuity scores of the children with
borderline (n = 17) and abnormal refractive error (n = 38).
15 borderline and 16 abnormal cases had a visual acuity
within these limits.
Conclusion: A wide range of refraction may be associated
with a good level of visual acuity in children aged 3 years
and 4 years.

I

t is agreed that a constant or intermittent strabismus or
poorly controlled heterophoria are abnormal and treatment
is required. The need for treatment for the asymptomatic
child with no strabismus is not clearcut. The age emmetropia
is reached is uncertain,1–3 the effect of spectacle wear on
emmetropisation is unresolved,4–7 the degree of refractive
error that requires correction in the non-squinting child is ‘‘ill
defined’’8 and an overprescription of glasses for children has
been reported.9
The aim of spectacle correction is primarily to treat and
prevent amblyopia but how can the clinician be sure
amblyopia is present? A child’s acuity can be difficult to
interpret because of many factors such as age, ability, and
attention. Frequently, young children with visual acuity less
than 6/6 are given spectacles for a small degree of refractive
error because the acuity is considered to be subnormal.
However, as the percentage of children reported to have
achieved a 6/6 level of linear vision is low, being 42%1 and
40%10 for children aged 6 years, it seems likely that acuity less
than 6/6 may be ‘‘normal’’ for young children; but how much
less than 6/6 is normal?
Our aim was to examine the range of monocular crowded
logMAR acuity and cycloplegic refraction of children, aged
3 years and 4 years, without strabismus.
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METHODS
Data were collected prospectively for children aged 3 years and
4 years who presented as new referrals to the orthoptic clinic.
All had full orthoptic and ophthalmic evaluation. All vision
assessments were obtained using the Keeler crowded logMAR
test.11 The order of eye tested was random. Cycloplegic
refraction, fundus, and media examination were performed a
minimum of 40 minutes after instillation of one drop of
cyclopentolate 1% into each eye. Data were analysed for those
children who fulfilled the following inclusion criteria:

N
N
N
N
N
N
N
N

Normal eye alignment—that is, no constant, intermittent,
or micro manifest strabismus; no heterophoria of
.8 prism dioptres
Ocular motility within normal limits
Normal response to 20 dioptre prism test
Monocular acuity obtained each eye using Keeler crowded
logMAR test
Foveal fixation of each eye determined using the visuscope
Normal fundus and media
No history of treatment for refractive error, strabismus or
ocular abnormality, and no symptoms
Neurologically and developmentally normal.

A child was categorised as having a normal, borderline, or
abnormal refraction,8 12–15 (see table 1). Refraction values
reported are full cycloplegic amounts with allowance for
working distance removed. All vision values reported are
uncorrected acuity.

RESULTS
A total of 185 children fulfilled the inclusion criteria. Of
these, 118 were aged 3 years (mean 3 years 6 months (SD
2 months)); 51 were male and 67 female. The remaining 67
children were aged 4 years (mean 4 years 4 months (SD
3 months)); 37 were male and 30 female.
Frequency distribution
The distribution for vision and refraction for right and left
eyes of the 3 year old and 4 year old children is shown in
figure 1. For both age groups data were skewed to better
acuity and lower spherical and cylinder refraction values.
Comparison of vision and refraction score for
individuals
Figure 2 shows a three dimensional plot of spherical and
cylinder refraction against visual acuity for right eye data in
the refractive categories of normal, borderline and abnormal
for the two age groups. For both groups there was a wide
range of vision score associated with a given spherical/
cylinder refraction.
Abbreviations: IAD, interocular acuity difference
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Refractive error

Normal refraction

Borderline refractive error

Abnormal refractive
error

Hypermetropia
Myopia
Astigmatism
Anisometropia

,+3.00 DS
,21.00 DS
,21.00 DC
,1.00 DS/DC

+3.00 to , +4.00 DS
21.00 to 22.00 DS
21.00 to ,1.50 DC
,1.00 DS/DC

>+4.00
.22.00 DS
>21.50 DC
>1.00 DS/DC

Clinically cylinder errors are recorded in minus cylinder form, hence the cylinder criteria are in minus values. A
child’s refraction was categorised on the basis of the eye with the greatest error—for example, right +3.50/21.00,
left +3.50/21.50 would be categorised as an abnormal refractive error on the basis of the left eye.

Monocular acuity associated with a normal refraction
A summary of the analysis of the acuity data of children
categorised as having a normal refraction is shown in table 2.
For each eye the mean and median acuity differed by less
than one letter (0.025) for 3 year olds (n = 84), and less than
two letters for 4 year olds (n = 45). With the exception of the

left eye data of the 3 year olds, the upper limits of monocular
acuity differed by one letter or less.
The IAD associated with a normal refraction
There was no significant difference between right and left eye
acuity of individuals (3 year olds p = 0.385, 4 year olds
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Figure 1 Frequency distribution of
vision scores in log units scored by line
(top row), spherical refraction (middle
row), and cylinder refraction (bottom
row), for the right eye (shaded) and left
eye (solid) of all 3 year old (left column)
and 4 year old (right column) children
who fulfilled the inclusion criteria. All
vision scores are uncorrected acuity.
Refraction values shown are for full
cycloplegic refraction with allowance
for working distance removed. Cylinder
values were recorded in minus form.
(Snellen equivalents values: 0.00 = 6/6;
0.100 = 6/7.5; 0.200 = 6/9;
0.300 = 6/12; 0.400 = 6/15;
0.500 = 6/19; 0.600 = 6/24;
0.700 = 6/30; 0.800 = 6/38.)
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Comparison of the monocular acuity and IAD 95%
confidence limits with borderline refraction (3 year
olds, n = 11; 4 year olds, n = 6)
Fifteen children with borderline refractive error had visual
acuity well within the monocular and IAD limits. One child
had an IAD of 0.200, no anisometropia, and at retest acuity
was 0.100 right and left. One child had borderline myopic
astigmatism, reduced acuity at retest and to date is the only
child with borderline refraction to have spectacles prescribed.
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Comparison of the monocular acuity and IAD 95%
confidence limits with abnormal refraction (3 year
olds, n = 22; 4 year olds, n = 16)
Sixteen children with abnormal refractive error had visual
acuity within the limits. The refraction was spherical (n = 2),
with the rule (plus or minus 10˚) cylinder >1. 50DC (n = 7),
or anisometropia (n = 7; five had (1.50DS difference). In
accordance with department policy all children with an
abnormal refraction were prescribed spectacles.
Children with low cylinder refractions (,1.00DC) and
acuity outside the limits had spherical refractions .+4.00DS.
Children with low spherical refractions and acuity outside the
limits had cylinder refractions >22.00DC.
All children with normal refraction and acuity outside the
limits or within the upper limits achieved a significantly
improved acuity of >0.225 log units when retested16 3–
6 months later, with no spectacles having been prescribed.
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Figure 2 A three dimensional plot of spherical and cylinder refraction
against visual acuity for right eye data of the 3 year old (top) and 4 year
old children (bottom). Data are shown in the refractive categories of
normal, borderline, and abnormal. A child’s refraction was categorised
on the basis of the eye with the greatest error. All vision scores are
uncorrected acuity. Refraction values shown are for full cycloplegic
refraction with allowance for working distance removed.

p = 0.761, Wilcoxon signed rank test). The median, mean,
and limits of the IAD are shown in table 2. Mean and median
values were in agreement, but percentiles produced a higher
upper limit for both age groups.
Application of the acuity limits calculated on the basis
of a normal refraction
If we accept that the acuity limits calculated above represent
a normal variant of visual acuity for children aged 3 years
and 4 years who have a normal refraction, then a subnormal
acuity would be a one scale increment (that is, one letter
value 0.025) or more above the upper limit. Using the 95%
confidence limits this would be >0.400 for 3 year olds and
>0.325 for 4 year olds for monocular acuity, and >0.175 for
3 year olds and >0.150 for 4 year olds for IAD.
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The mean monocular acuity for children with normal
refraction was 0.200 (SD 0.09) for 3 year olds and 0.140
(SD 0.08) for 4 year olds. This compares well with reports of
0.09 (SD 0.100) for 4.9 year olds16 and 0.100 (SD 0.08) for
5.4 year olds11 obtained using the same vision test and 0.200
for 3 year olds, 0.175 for 4 year olds, and 0.100 for 5 year olds
collated from a wide variety of uncrowded and crowded
picture and letter vision tests.17 The refraction of children in
these studies11 16 17 was not reported and it is possible that
some had borderline or abnormal refractive error.
The purpose of screening is to identify a problem and a
definitive vision score is the pass criteria. However, high
under-referral or over-referral rates undermine the credibility
of screening10 so it is important to determine whether
amblyopia is present and ensure that those referred are not
treated inappropriately. In many areas of clinical practice a
statistically defined normal range of measurement is
accepted. We propose our acuity limits represent a normal
variant of acuity in children aged 3 years and 4 years who are
asymptomatic, without strabismus with normal refraction.
The children with normal refraction and acuity outside the
limits or acuity within the upper limits at initial assessment
achieved a significantly improved acuity on retest without
spectacle correction. This suggests they did not have
amblyopia at initial clinical assessment.
Fifteen children with borderline refraction did not require
spectacle correction to attain and maintain acuity within the
limits, suggesting these refractions had not caused amblyopia. This is supported by a study that concluded treatment of
mild vision (6/9–6/12) loss did not significantly benefit the
children studied18 and the refractive error treated was
probably physiological.19
Sixteen children with abnormal refraction had acuity
within the limits. All children with an abnormal refractive
error were prescribed spectacles. It is possible that amblyopia
and/or symptoms may have developed if these refractions
were left uncorrected.
If one accepts the concept of a normal range of vision, then
based on careful consideration of the refraction data
presented, hypermetropia of ,4.00 DS, astigmatism of
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3 year olds (n = 84)

4 year olds (n = 45)

Analysis

Right eye

Right eye

Mean acuity (SD)
Median acuity
95% confidence limits
Percentiles limits
Mean IAD (SD)
Median IAD
95% confidence limits IAD
Percentiles limits IAD

0.200 (0.09)
0.200 (0.08)
0.180
0.200
0.020 to 0.380
0.040 to 0.360
0.075 to 0.400
0.078 to 0.400
0.03 (0.06)
0.00
20.09 to 0.150
0.00 to 0.262

Left eye

Left eye

0.140 (0.08)
0.144 (0.07)
0.100
0.125
20.02 to 0.300 0.004 to 0.284
0.008 to 0.325
0.000 to 0.300
0.03 (0.04)
0.025
20.05 to 0.110
0.000 to 0.167

As the data were not normally distributed the median value and percentile limits (2.5th to 97.5th percentile) are
also presented.

(21.50 DC, and anisometropia of ,1.50 DS/DC did not
appear to have caused amblyopia in the 3 year old and 4 year
old children studied. The questions raised are, will a child
remain symptom free with a normal level of visual acuity for
age without any spectacle correction, and what is the natural
history of a child’s refraction and associated risk of
developing amblyopia?
This study is limited because the small data sets lack
statistical power when calculating 95% limits and the
children do not represent a cross section of the wide
population. In addition, it is difficult to draw any definitive
conclusions on the distribution of refractions for age. Further
study is therefore required to determine the risk of amblyopia
for a given degree of refraction in young children.

CONCLUSION
A wide range of refraction maybe associated with a good level
of visual acuity in children aged 3 years and 4 years.
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Table 2 Mean, standard deviation (SD), and 95% confidence limits (mean (SD 2.00) for
right and left eye visual acuity and interocular difference (IAD) for children categorised as
having a normal refraction

