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ABSTRACT

Purpose:To assess possible refractive changes according
to age and strabismus in a statistically significant cohort.

Methods: A population-based sample of 12,534 subjects
0.5 to 20 years old, examined between 2004 and 2006,
was tested. Each subject received a complete orthoptic
examination, including spherocylindrical streak retinos-
copy in cycloplegia. Patients were divided into those with
orthophoria (7,784) and those with strabismus (4,750),
and the latter group was further divided into those with
esodeviation (3,026) and those with exodeviation (1,724).
A statistical analysis of the spherical equivalent, astigma-
tism, and anisometropia was performed with an inde-
pendent samples t test or one-way analysis of variance.

Results: The percentage of patients with a mean spher-
ical equivalent within ± 1 and ± 2 standard deviations
was greater than 68% and 95%, respectively. The mean
spherical equivalent of the total sample was 1.62 diop-
ters (D) (± 2.88). The mean spherical equivalent was 1.10
± 2.94 D in the orthophoria group, 3.22 ± 2.29 D in the

esodeviation group, and 1.13 ± 2.50 D in the exode-
viation group (one-way analysis of variance; P = .000).
Age-related changes in the mean spherical equivalent
showed a clear and steady myopic shift, reaching mean
myopic refraction at 12 to 14 years in both the total
sample and the orthophoria and exodeviation groups. It
assumed a more constant trend, with no myopic swing, in
the esodeviation group (P = .000). Mean astigmatism was
less in patients with less than 1.00 D anisometropia (0.83 ±
0.92 D) than in those with 1.00 D or greater an-
isometropia (1.42 ± 1.18 D) (t test; P = .0001).

Conclusion: Both the age-related trend in the spherical
equivalent and the high hyperopic values of the distri-
bution peak in patients with esodeviation confirm the
importance of the hypermetropic refractive compo-
nent. The statistically significantly higher incidence of
astigmatism in patients with 1.00 D or greater ametro-
pia highlights its incidence in amblyopia.

[J Pediatr Ophthalmol Strabismus 2009;46:266-272.]

INTRODUCTION
The literature includes studies of age-related re-

fractive evolution,1-15 but only a few have addressed
the presence and type of strabismus.16-24 The age
range of study subjects is often limited to a few
years10-13,25-33; moreover, refraction is measured with
an autorefractometer26-34 or isotropic photorefrac-

tion35 and not always in cycloplegia.36,37 The pres-
ence of high values of hyperopia in patients with
esotropia and the absence of refractive dependence
in those with exotropia have been well known for a
long time,18,21,22 but age-related changes have not
been studied in depth. In recent years, data on pa-
tients with orthopia have been computerized, in-
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Table 1

Age and Sex Distribution in the Total Sample and Subgroups
Sex

Group No. of Patients Mean Age (Y) Median Age (Y) Female Male

Total 12,534 6.48 ± 4.12 5.93 6,441 6,093

Orthophoria 7,784 6.57 ± 4.22 6.00 3,998 3,786

Strabismus 4,750 6.33 ± 3.96 5.82 2,488 2,262

exotropia 1,724 6.55 ± 3.87 6.00 884 840

esotropia 3,026 6.21 ± 4.00 5.99 1,575 1,451

Figure 1. Curves and values of percentage distribution in the to- tal
sample in a ± 2 standard deviation mean spherical equivalent range
and between the 5th and 95th percentiles of the median. m
= mean; sd = standard deviation; Md = median.

cluding refractive types, and this has permitted anal-
ysis of a wide and statistically significant cohort of
patients. In particular, the current study investigated
refractive changes according to age and attempted
to determine whether they differ with regard to the
presence and type of strabismus.

PATIENTS AND METHODS
In a retrospective study, data were extracted

from the case records of 12,534 patients examined
at the Orthoptic Service of the Ophthalmological
Department of Modena University between 2004
and 2006. Each patient was examined by an oph-
thalmologist, who confirmed the data obtained by
orthoptic staff (visual acuity, ocular motility, and
sensorial status); performed specific evaluations,
such as spherocylindrical streak retinoscopy in cy-
cloplegia (cyclopentolate 1% every 15 minutesAQ2
three times before examination), ophthalmoscopy,
and biomicroscopy; and then assumed responsibil-
ity for possible therapy. Exclusion criteria included

ocular pathology, such as cataract, glaucoma, colo-
boma, optic atrophy, and stage 3 or worse reti-
nopathy of prematurity. The following factors were
considered: the spherical equivalent (mean of the re-
fractive values of the vertical and horizontal merid-
ians), astigmatism (difference between the vertical
and horizontal refractive values), and anisometropia
(difference between the spherical equivalent of the
two eyes).

Patients were divided into orthophoria (7,784)
and strabismus (4,750) groups. The strabismus
group was then divided into esodeviation (3,026)
and exodeviation (1,724) groups. Esodeviation
was defined as esotropia or esophoria of more than
4 prism diopters, and exodeviation was defined as
exotropia or exophoria of more than 8 prism diop-
ters. Statistical analysis of data was performed with
an independent samples t test or one-way analysis
of variance.

The mean age of all subjects was 6.48 years
(± 4.12 years), with a median value of 5.93 years
(range: 0.5 to 20 years). Ages were similar in the
subgroups. There was a slight prevalence of girls in
both the total sample (6,441 girls and 6,093 boys)
and the subgroups (Table 1).AQ3

RESULTS
Patient Distribution

The percentage of patients with a spherical equiva-
lent within ± 1 and ± 2 standard deviations (SD) from
the mean was greater than 68% (80.22%) and 95%
(95.31%), respectively. The distribution within ± 2 SD
of the refractive range was similar in all subgroups, but
there was no statistical significance (one-way analysis
of variance; P = 1.000). Even if the refractive range in-
cluded the 5th and 95th percentiles of the median, the
percentage distribution of subjects was similar to that
in relation to mean and SD (Fig. 1).
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Table 2

Percentage Distribution of Myopia,
Hyperopia, and Astigmatism in the Total

Sample and Subgroups

Group
Myopia

(< 0.00 D)
Hyperopia
(> 2.00 D)

Astigmatism
(> 1.00 D)

Total 16.24% 41.43% 41.03%

Orthophoria 20.55% 32.03% 39.20%

Strabismus 9.18% 56.82% 44.04%

exotropia 16.13% 31.44% 30.57%

esotropia 5.22% 71.28% 51.72%

D = diopters.

Figure 2 . Variations of age-related spherical equivalent in the total
sample and subgroups. eso = esodeviation; Ortho = orthophoria;
exo = exodeviation.

Figure 3. Percentage distribution of myopia (< 0 D), hyperopia (>
2 D), and astigmatism ( > 1 D) in the total sample and subgroups. My
= myopia; Ast = astigmatism; Hy = hypermetropia; Ortho = or-
thophoria; exo = exodeviation; eso = esodeviation.

Spherical Equivalent
The mean spherical equivalent of the total sample

was 1.62 (± 2.88) D (median: 2.00), whereas in the
orthophoria and strabismus subgroups, it was 1.10 (±
2.94) D (median: 1.75 D) and 2.46 (± 2.57) D (me-
dian: 2.50 D), respectively. In the esodeviation and
exodeviation subgroups, the mean spherical equivalent
was 3.22 (± 2.29) D (median: 3.25 D) and 1.13 (±
2.50) D (median: 1.63D), respectively. Statistical sig-
nificance among the refractive data in the orthophoria,
esodeviation, and exodeviation subgroups was empha-
sized (one-way analysis of variance; P = .000).

In the total sample, age-related changes in the
mean spherical equivalent (from 5 months to 20
years) showed a clear and steady myopic shift, reach-
ing a mean myopic refraction at approximately 12
to 14 years (+2.51 D at the 1st year and -0.97 D
after the 18th year). This age-related myopic shift
was confirmed in patients with orthophoria (+2.38
to -1.87 D) and in those with exodeviation (+2.18
to -0.81 D). It assumed a more constant trend, with
no myopic swing, in those with esodeviation (+2.91

Figure 4. Percentage distribution of patients in a ±9 D spherical
equivalent range in the total sample and subgroups. eso = esode-
viation; Ortho = orthophoria; exo = exodeviation; Se = spherical
equivalent.

to +1.86 D). Statistical significance was seen with
one-way analysis of variance (P = .000) (Fig. 2).

The percentage of subjects with a myopic (spher-
ical equivalent < 0.00 D) and hypermetropic (spher-
ical equivalent > +2.00 D) spherical equivalent was
similar in the total sample and in the orthophoria
and exodeviation subgroups, whereas it differed in
those with esodeviation. Similar findings were noted
with regard to the distribution of patients with 1.00
D or greater astigmatism, considered as an absolute
value (Table 2 and Fig. 3).

When the spherical equivalent was -9.00 to +9.00
D, more than ± 2 SD from the mean, the highest
concentration peak was superimposable in both the
orthophoria and the exodeviation groups, stabilizing
at approximately +2.00 D, whereas in the esodevia-
tion group, it was clearly shifted toward higher hyper-
metropic values (approximately +5.00 D) (Fig. 4).

Furthermore, in the first 5 years of life, patients
with esodeviation had a positive yearly variation
in the spherical equivalent (+0.15 D), whereas in
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Table 3

Age-related Variation in the Spherical Equivalent (diopters)
in the Total Sample and Subgroups

Age (Y) Total Orthophoria Exodeviation Esodeviation

0 to 5 -0.050 -0.116 -0.118 +0.144

6 to 10 -0.250 -0.300 -0.200 -0.102

11 to 15 -0.294 -0.296 -0.258 -0.205

16 to 20 -0.102 -0.138 -0.054 -0.047

Figure 5. Variation per year of spherical equivalent at different
ages in the total sample and the subgroups. D = diopters; Ortho =
orthophoria; exo = exodeviation; eso = esodeviation.

Figure 6. Age-related trend of mean astigmatism in the total
sample and in patients with anisometropia less than 1 D versus pa-
tients with anisometropia of 1 D or greater. D = diopters; Ans =
anisometropia

other groups, the variation was negative (-0.118 D).
Beyond the fifth year of life, yearly variations were
similar in all study groups (Table 3 and Fig. 5).

Astigmatism and Anisometropia
Mean astigmatism did not show any signifi-

cant differences among the various subgroups (total
group: 0.90 D [± 0.97]; orthophoria group: 0.89 D
[± 0.97]; strabismus group: 0.92 D [± 0.97]; esode-
viation group: 1.01 D [± 0.96]; exodeviation group:
0.72 D [± 0.94]). Age-related changes showed an
increasing trend in the first 5 to 6 years of life, fol-
lowed by stabilization (Fig. 6). In accordance with
the literature, fewer patients showed 1.00 D or
greater against-the-rule astigmatism than with-the-
rule astigmatism (8.10% and 31.16%, respectively).
These values did not differ statistically in the various
subgroups (Table 4).

The percentage of subjects with 1.00 D or
greater anisometropia was similar in all subgroups
(total group: 12.98%; orthophoria group: 14.27%;
strabismus group: 10.86%; exodeviation group:
10.27%; esodeviation group: 11.20%).

Mean astigmatism was less in patients with less
than 1.00 D anisometropia (0.83 D [± 0.92]) than in

those with 1.00 D or greater anisometropia (1.42 D
[± 1.18]) in both the total sample and the subgroups
(Table 5). An independent samples t test analysis of
data showed clear significance (P = .0001).

When age-related evolution of astigmatism was
considered, it was always greater in patients with
1.00 D or greater anisometropia than in the total
sample or in patients with less than 1.00 D anisome-
tropia (Table 6 and Fig. 6). High statistical signifi-
cance was shown with one-way analysis of variance
(P = .000).

The authors also considered astigmatism and an-
isometropia in the spherical equivalent range -9.00
to +9.00 D and found significantly increased values,
with more hyperopic and more myopic refractions
(Table 7 and Fig. 7). There was no significant statisti-
cal difference between the total sample and the sub-
groups.

There was no significant difference regarding sex.

DISCUSSION
First, the authors considered the distribution

curves of the sample. The percentage patient dis-
tribution with regard to both the total sample and
various subgroups appears to be normal, because the
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These values did not differ statistically in the various
subgroups (Table 4).

The percentage of subjects with 1.00 D or
greater anisometropia was similar in all subgroups
(total group: 12.98%; orthophoria group: 14.27%;
strabismus group: 10.86%; exodeviation group:
10.27%; esodeviation group: 11.20%).

Mean astigmatism was less in patients with less
than 1.00 D anisometropia (0.83 D [± 0.92]) than in

those with 1.00 D or greater anisometropia (1.42 D
[± 1.18]) in both the total sample and the subgroups
(Table 5). An independent samples t test analysis of
data showed clear significance (P = .0001).

When age-related evolution of astigmatism was
considered, it was always greater in patients with
1.00 D or greater anisometropia than in the total
sample or in patients with less than 1.00 D anisome-
tropia (Table 6 and Fig. 6). High statistical signifi-
cance was shown with one-way analysis of variance
(P = .000).

The authors also considered astigmatism and an-
isometropia in the spherical equivalent range -9.00
to +9.00 D and found significantly increased values,
with more hyperopic and more myopic refractions
(Table 7 and Fig. 7). There was no significant statisti-
cal difference between the total sample and the sub-
groups.

There was no significant difference regarding sex.

DISCUSSION
First, the authors considered the distribution

curves of the sample. The percentage patient dis-
tribution with regard to both the total sample and
various subgroups appears to be normal, because the
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Table 3

Age-related Variation in the Spherical Equivalent (diopters)
in the Total Sample and Subgroups
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Figure 5. Variation per year of spherical equivalent at different
ages in the total sample and the subgroups. D = diopters; Ortho =
orthophoria; exo = exodeviation; eso = esodeviation.

Figure 6. Age-related trend of mean astigmatism in the total
sample and in patients with anisometropia less than 1 D versus pa-
tients with anisometropia of 1 D or greater. D = diopters; Ans =
anisometropia
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Table 6

Age-related Variations (diopters) in
Mean Astigmatism in the Total Sample

and in Patients With Less Than 1 Diopter
Anisometropia Versus 1 Diopter or

Greater Anisometropia
Age
(Y)

Anisometropia
< 1.00 D

Anisometropia
≥ 1.00 D Total

1 0.51 0.90 0.56

2 0.44 0.93 0.49

3 0.64 1.14 0.71

4 0.79 1.27 0.85

5 0.97 1.50 1.04

6 1.03 1.50 1.09

7 0.95 1.52 1.02

8 0.93 1.40 0.98

9 0.89 1.54 0.95

10 0.94 1.41 1.00

11 0.83 1.38 0.91

12 0.96 1.45 1.04

14 0.85 1.52 0.98

16 0.88 1.53 1.06

18 0.86 1.48 1.00

> 18 0.97 1.47 1.07

D = diopters.

Table 4

Percentage of Patients With 1 Diopter or Greater Astigmatism (With-the-Rule and
Against-the-Rule Types) in the Total Sample and Subgroups

Group Astigmatism (≥ 1.00 D) With-the-Rule Type Against-the-Rule Type

Total 39.25% 31.16% 8.10%

Orthophoria 37.26% 30.30% 6.96%

Strabismus 40.85% 32.71% 8.14%

exotropia 33.24% 25.96% 7.28%

esotropia 43.89% 34.71% 9.18%

D = diopter.

mean and median curves are almost superimpos-
able, showing a clear Gaussian trend. Furthermore,
a statistically significant percentage of subjects,
more than 68%, showed a spherical equivalent ± 1
SD from the mean, whereas more than 95% of pa-
tients showed a spherical equivalent ± 2 SD from
the mean. The high percentage of patients in the
strabismus group (37.89%) is probably attributable
either to the fact that the orthoptic outpatient clinic
is a second-level institution (in which patients who
are seen usually have just undergone ophthalmolog-
ic examination), or because this group also included
patients with heterophoria AQ4(over 4 prism
diopters for esophoria and over 8 prism diopters
for exophoria), increasing the number of subjects
who can be defined as having strabismus.

In patients with esodeviation, the age-related
trend in the spherical equivalent differs in a statisti-
cally significant way from that of the other groups.
More precisely, it shows higher initial hypermetro-
pia, with a tendency to increase in the first years of
life (as some authors have pointed out), whereas in
later years, a lower myopic shift can be detected. This

type of refractive evolution with regard to patient
age and type of strabismus suggests that hyperme-
tropic refraction is significant in esodeviation,20,21

and even if it is decreasing, it persists over the years.
In contrast, in patients with exodeviation, the age-
related refractive trend is absolutely superimposable
with that of patients with orthophoria, confirming
its minimal influence on the pathogenesis and evo-

Table 5

Mean and Standard Deviation of
Astigmatism Related to Anisometropia in

the Total Sample and Subgroups

Group
Anisometropia

< 1.00 D
Anisometropia

≥ 1.00 D

Total 0.83 ± 0.92 D 1.39 ± 1.13 D

Orthophoria 0.81 ± 0.92 D 1.38 ± 1.11 D

Strabismus 0.85 ± 0.92 D 1.42 ± 1.18 D

exotropia 0.64 ± 0.87 D 1.42 ± 1.17 D

esotropia 1.45 ± 1.17 D 1.40 ± 1.18 D

D = diopters.
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Table 7

Spherical equivalent–related Variation
(diopters) in Mean Astigmatism and

Anisometropia
Spherical
Equivalent Range

Mean
Astigmatism

Mean
Anisometropia

-9 1.79 3.58

-7 1.72 2.73

-5 1.47 1.88

-3 1.12 1.22

-2 0.91 0.67

-1 0.76 0.58

0 0.58 0.29

1 0.84 0.22

2 0.58 0.19

3 0.91 0.32

5 1.27 0.54

7 1.54 0.87

9 1.53 1.55

Figure 7. Mean astigmatism and mean anisometropia in the total
sample related to a ±9 D spherical equivalent (Se) range. Ast =
astigmatism; Ans = anisometropia.

lution of exodeviation. The high variance of mean
values (high SD) confirms that the refractive com-
ponent is important, but is not the sole cause of
strabismus. In fact, either myopic or hyperopic high
refractive values can be found in every considered
subgroup, in both strabismus and orthophoria. The
significance of hypermetropic refraction in the gen-
esis of convergent strabismus is further supported by
evidence that the distribution peak of patients with
esotropia is clearly shifted toward higher hyperme-
tropic values (approximately +5.00 D) than those
found in other subgroups (approximately +2.00 D).
It is also confirmed by the high prevalence (approxi-
mately 70%) of greater than +2.00 D hyperopic
refraction in patients with esodeviation, compared
with a lower percentage (approximately 30%) in
those with orthophoria or exodeviation.

Even if the refractive correction of each subject
could not be extrapolated from the database, it is
possible to determine that both esotropia and high
anisometropia always had adequate optical correc-
tion. Hypermetropic total correction can affect the
emmetropization process, but it cannot be consid-
ered the sole cause.14,23,38 The lower myopic shift
in patients with esodeviation can also be related to
greater initial hypermetropia.9,15 Even the altered
accommodative convergence/accommodation ratio

and the presence of amblyopia may be possible causes
of the altered emmetropization process.22 The evo-
lution of age-related refraction was not considered
in each subject, because a long study period would
be needed (almost 10 to 12 years). In this sample,
for each subject, the authors considered refractive
data obtained at a single examination. Visual acuity
was not considered because it was not possible to
study its evolution. It would be interesting to study
the age-related refractive evolution in each patient
with regard to motility, sensorial status, and changes
in visual acuity.

As described in the literature, the age-related
evolution of astigmatism33,39-41 showed an increase
in the first 5 to 6 years of life, followed by stabiliza-
tion of the mean value. The prevalence of with-the-
rule astigmatism was also confirmed.9 It would be
interesting to study the incidence of oblique astig-
matism in refractive evolution and amblyopia, but
this type of astigmatism could not be identified with
the available database. It would be possible to deter-
mine the refractive power of horizontal and verti-
cal meridians and establish the type of astigmatism
(with the rule or against the rule). To permit evalu-
ation of the incidence of oblique astigmatism, the
database would have to be modified to include the
axis of astigmatism as a separate value. However, this
may not be an easy task.

Another interesting consideration is the be-
havior of astigmatism related to anisometropia. Its
statistically significant higher incidence in 1.00 D
or greater anisometropia means that astigmatism is
an essential component of anisometropia and con-
sequent amblyopia,34,42 even if the association with
large refractive errors is more significant. The large
percentage of subjects with 1.00 D or greater astig-
matism and anisometropia can be explained by the
type of patients seen at the authors’ clinic. These pa-
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refractive values can be found in every considered
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significance of hypermetropic refraction in the gen-
esis of convergent strabismus is further supported by
evidence that the distribution peak of patients with
esotropia is clearly shifted toward higher hyperme-
tropic values (approximately +5.00 D) than those
found in other subgroups (approximately +2.00 D).
It is also confirmed by the high prevalence (approxi-
mately 70%) of greater than +2.00 D hyperopic
refraction in patients with esodeviation, compared
with a lower percentage (approximately 30%) in
those with orthophoria or exodeviation.
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could not be extrapolated from the database, it is
possible to determine that both esotropia and high
anisometropia always had adequate optical correc-
tion. Hypermetropic total correction can affect the
emmetropization process, but it cannot be consid-
ered the sole cause.14,23,38 The lower myopic shift
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and the presence of amblyopia may be possible causes
of the altered emmetropization process.22 The evo-
lution of age-related refraction was not considered
in each subject, because a long study period would
be needed (almost 10 to 12 years). In this sample,
for each subject, the authors considered refractive
data obtained at a single examination. Visual acuity
was not considered because it was not possible to
study its evolution. It would be interesting to study
the age-related refractive evolution in each patient
with regard to motility, sensorial status, and changes
in visual acuity.

As described in the literature, the age-related
evolution of astigmatism33,39-41 showed an increase
in the first 5 to 6 years of life, followed by stabiliza-
tion of the mean value. The prevalence of with-the-
rule astigmatism was also confirmed.9 It would be
interesting to study the incidence of oblique astig-
matism in refractive evolution and amblyopia, but
this type of astigmatism could not be identified with
the available database. It would be possible to deter-
mine the refractive power of horizontal and verti-
cal meridians and establish the type of astigmatism
(with the rule or against the rule). To permit evalu-
ation of the incidence of oblique astigmatism, the
database would have to be modified to include the
axis of astigmatism as a separate value. However, this
may not be an easy task.

Another interesting consideration is the be-
havior of astigmatism related to anisometropia. Its
statistically significant higher incidence in 1.00 D
or greater anisometropia means that astigmatism is
an essential component of anisometropia and con-
sequent amblyopia,34,42 even if the association with
large refractive errors is more significant. The large
percentage of subjects with 1.00 D or greater astig-
matism and anisometropia can be explained by the
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tients are normally referred by other ophthalmolo-
gists for specific problems, so they can easily show
anomalies of motility or refraction.

These findings confirm the need for correct cy-
cloplegia for a reliable evaluation of refractive errors,
by autorefractometer or retinoscopy, particularly in
patients with strabismus.24,43

Further data analysis will be necessary, particu-
larly subdividing patients with esodeviation into ac-
commodative and not accommodative types, to con-
firm the refractive error and its age-related trend.
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