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ABSTRACT

Introduction and Purpose: To investigate the role that dynamic retinoscopy can play in reducing
the occurrence of infantile accommodative esotropia and facilitating emmetropization in infants
with high hyperopia.
Patients and Methods: 211 orthotropic infants under 1 year of age (3.5 to 12 months) identified as
having ≥5 diopters of hyperopia in their more hyperopic eye on a routine eye exam. On enrollment,
infants underwent an assessment of accommodation using dynamic retinoscopy as well as a
cycloplegic refraction. Infants who showed normal accommodation were followed without specta-
cles. If dynamic retinoscopy showed subnormal accommodation, partial hyperopic correction that
allowed for full binocular accommodative responses at near were prescribed. Main outcome
measures were the occurrence of esotropia, changes in refractive error, and visual acuity.
Results: Of the 211 infants enrolled, 146 showed normal accommodation and were followed
without glasses (Group 1). None of these patients developed strabismus. Sixty-five patients
showed subnormal accommodation and received partial hyperopic correction (Group 2). Thirty-
four of the 65 (52%) in Group 2 did not develop strabismus (Group 2A) and 31 of the 65 (48%)
developed strabismus (Group 2B). All 3 groups showed a reduction of hyperopia of 0.37D ± 0.25/
year, 0.50D ± 0.28/year, and 0.60D ± 0.20/year in groups 1, 2A, and 2B, respectively. None of the
differences between groups were statistically significant.
Conclusions: Normal accommodation on dynamic retinoscopy in orthotropic hyperopic infants is
a predictor of continued good alignment and such infants can be followed without spectacles.
Partial spectacle correction based on dynamic retinoscopy may have a beneficial effect on
reducing the development of strabismus without impeding emmetropization. Early binocular
accommodative behavior seems to be predictive of infants at risk of developing strabismus.
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Introduction

When the clinician is confronted with an orthotropic
infant with high hyperopia, the decision as to whether
or not to prescribe glasses, and if so, howmuch hyperopia
to correct, is not straightforward. One study found that
infants with high hyperopia were 13 times more likely to
become strabismic than controls.1 The dilemma is that on
the one hand prescribing glasses might, in theory, prevent
the development of infantile accommodative esotropia
and/or amblyopia. On the other hand, there is theoretical
concern that prescribing full or even partial hyperopic
correctionmay prevent emmetropization.2 If this concern
is real, a good argument can be made for prescribing less
than the full amount of hyperopia if spectacles are deemed
necessary in a hyperopic infant. This dilemma about
whether or not to prescribe glasses is further compounded
by the fact that not all infants with high hyperopia go on
to develop esotropia. Currently there is no uniformly

agreed-upon test for predicting which infants will go on
to develop esotropia, and which will not. Why some
become esotropic and others do not is unclear.

One possible explanation lies in differences in infants’
accommodation behavior. In theory, if an infant with
high hyperopia is simply not accommodating fully when
initially found to be orthotropic, theymight be at high risk
for developing esotropia months later when they become
more visually interested and start fully accommodating.
On the other hand, if a hyperopic infant is orthotropic in
spite of fully accommodating, that might be an indication
that the child has sufficient fusional reserves to prevent
them from developing esotropia. Perhaps the former
hypothetical infant should be put in spectacles with just
enough hyperopic correction to allow for clear vision at
near fixation, and the latter may not need spectacles.

Because dynamic retinoscopy is a simple office-based
test of accommodative ability, it is an ideal tool for
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testing this hypothesis.3–5 Our technique for performing
this test is described in the Methods section below.

Methods

Consecutive infants under 1 year of age that presented
to our clinic because of a Turkish government program
that encourages complete eye exams for all infants in
their first year of life were included subject to certain
criteria. To be included they had to be asymptomatic
showing no signs or symptoms related to refractive
error or ocular motility, were found to have hyperopia
of 5 diopters (D) or more in at least one meridian of
either eye on a cycloplegic refraction, were orthotropic
on presentation, and underwent dynamic retinoscopy;
it is our practice to do this test routinely in infants.
Exclusion criteria included infants with a history of
preterm birth (<36 weeks gestational age at birth),
diagnosed developmental delay, neurological, syndro-
mic, or other coexisting disease. Also, infants with
anisometropia of 1.50 D or greater of sphere or cylinder
were excluded. The families of infants meeting inclu-
sion criteria were told that their child was identified as
being at risk for developing strabismus and amblyopia,
and they were invited to include their child in this long-
term study in hopes of preventing those issues.

Our technique for dynamic retinoscopy was similar
to that described by Guyton3 and Hunter.4 An age-
appropriate detailed fixation target (e.g. squeaky toy
for infants) was placed in the plane of the retinoscope
with both the target and the retinoscope held 33 cm
from the infant. If a child had been previously placed in
spectacles as was the case for many follow-up examina-
tions, dynamic retinoscopy was done with the specta-
cles in place. If accommodation was accurate and full
for the test distance of 33 cm, the retinoscopic reflex
would be that of neutrality regardless of spectacle wear.
If so in both eyes, we recorded it as “N/N.” We only
considered accommodation to be normal if the retino-
scopic reflex became neutral rapidly, completely, and
steadily. If the child was underaccommodating in both
eyes, the retinoscopic reflex would show with-motion
indicative of residual uncorrected hyperopia. This
would be recorded as “H/H.” If a hyperopic response
was observed, the examiner introduced a lens estimated
to neutralize the observed with-motion. The examiner
continued to introduce plus lenses in +0.25 D steps in
front of each eye in turn, until the lowest power lens
that resulted in neutrality in the two corresponding
meridians of the two eyes was determined. This has
been referred to as the “monocular estimation
method.”3–6 Because infants naturally focus on the
least hyperopic meridian, that meridian was used to

assess the facility of accommodation.4,7,8 Infants who
showed an N/N response were followed without spec-
tacles. Infants showing an H/H response were put in
spectacles for full-time wear that incorporated the least
partial hyperopic correction needed to neutralize the
with-motion in the fixing meridians of both eyes. This
allowed for full binocular accommodative response for
near fixation. In addition, any astigmatism ≥0.50 D was
incorporated in the prescription.

All enrolled infants underwent orthoptic examina-
tions, cycloplegic refractions, and binocular accom-
modative ability assessments with dynamic
retinoscopy as described above. These were con-
ducted at 3-month intervals up to the age of 1 year
and at 6-month intervals afterward. The participating
families were also asked to come back to clinic
promptly if they ever noticed strabismus. If strabis-
mus was detected at any age, subsequent follow-up
visits afterward were conducted at 3-month intervals.
All refractions were performed after cycloplegia was
obtained using cyclopentolate 1% instilled twice,
40 minutes and 30 minutes before retinoscopy by
two ophthalmologists (DS and EK) and the findings
were compared. Retinoscopic findings were verified
using a hand-held autorefractor (Retinomax—Nikon
Corporation, Tokyo, Japan).

If strabismus is subsequently developed, spectacles were
changed to incorporate the full cycloplegic refraction. For
the purpose of data analysis, we defined the onset of
strabismus as being the date when it was diagnosed by
one of the ophthalmologists conducting the study.

Visual acuities were assessed with Lea symbols
(Good-Lite Line Distance Chart, IL, USA) when verbal
communication became possible.9–11 Visual acuity was
defined as the line at which 4/5 of the symbols were
correctly identified. During visual acuity assessment,
eyes were designated as “fixing” or “non-fixing” accord-
ing to their last cycloplegic refraction or visual acuity. If
these were equal, they were randomly designated.

SPSS for Windows15.0 (Chicago, IL, USA) software
was used for data analysis. The distribution of continuous
variables for normality was tested with Shapiro–Wilk test
and data were presented as mean ± standard deviation.
Categorical variables were reported as percentages.
Between groups, ANOVAwas used for testing differences
in means, while Kruskal–Wallis test was used for testing
differences in distributions (medians). If the p-value
obtained from these tests was statistically significant,
post hoc Bonferroni or nonparametric multiple-compar-
ison tests were used to determine which group differed
from the others. To analyze the difference of repeated
measures in groups, t-test was used. A value of p < 0.05
was considered statistically significant.
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The purpose of the study was to determine if pro-
viding partial hyperopic correction for an orthotropic
infant with high hyperopia based on dynamic retino-
scopic findings could decrease the occurrence of stra-
bismus or amblyopia without interfering with
emmetropization.

Approval of the study was obtained from the institu-
tional review board and informed consent was gained
from all participating families conforming to all local
laws and principles of the Declaration of Helsinki.

Results

Of the 211 infants in our study group, 146 had neutral
dynamic retinoscopic responses in either or both of the
corresponding meridians in both eyes (N/N) at the time
of enrollment in this study. Corresponding meridians
refer to vertically or horizontally corresponding meri-
dians in the two eyes, e.g. 90 degrees in both eyes or
180 degrees in both eyes. In other words, the corre-
sponding fixing meridians, typically the least hyperopic
meridians, would have neutral responses; the corre-
sponding nonfixing meridians (90 degrees from the
fixing meridians) would have either neutral or with-
motion responses. These 146 infants constituted our
Group 1 and were followed without being given spec-
tacles. During follow-up period (mean,
35.4 ± 2.1 months; range, 31–39), none of the 146
infants in Group 1 subsequently developed strabismus.
The remaining 65 infants had manifested with-motion
on dynamic retinoscopy responses at their initial exam-
ination in both of the corresponding meridians (the
fixing and nonfixing meridians) indicative of binocular
accommodative insufficiency. These 65 infants were
put in spectacles according to the aforementioned pro-
tocol and comprise our Group 2. During the follow-up
period, 34 of the 65 infants in Group 2 did not develop
strabismus, and we designated this subset of Group 2 as
Group 2A which was 53.3% of Group 2. The remaining
31 of the 65 infants did develop strabismus, and this
subset of Group 2 comprised our Group 2B which was
47.7% of Group 2. The difference in the occurrence of
strabismus between Group 1 and all of Group 2 (both
groups 2A and 2B) was statistically significant
(p < 0.0001). The mean age of onset of esotropia in
Group 2B was 29.3 ± 7.3 months, and range was
18–42 months.

The spherical equivalent of the initial cycloplegic
refraction in the fixing eyes of the patients who are
given and not given spectacles was the lowest of our
3 groups (Group 1: +3.9D ± 0.8; range: from +3.0 to
+7.0). In those that were put in spectacles but did not
develop strabismus, it was somewhat higher (Group

2A: +4.9D ± 1.0; range: from +3.25 to 7.0). It was
highest in the group that put in spectacles and did
develop strabismus (Group 2B: +7.6D ± 1.5; range:
from 5.5 to 11). Each of these groups differed sig-
nificantly from both of the other 2 groups (p < 0.001,
t-test). Although Groups 2A and 2B consisted of
higher hyperopes than Group 1, binocular accommo-
dative ability was not always a function of the level of
hyperopia. There were infants accommodating effi-
ciently with hyperopic errors of as high as +7 D,
while others were not with refractive errors as low
as +3.25 D. We focused primarily on the refractive
error of the fixing eyes of each patient; however, we
also looked at the differences in each group in the
spherical equivalent of the fixing eye and the nonfix-
ing eye, e.g. amount of anisometropia, at the time of
initial refraction. Statistically, the groups did not
differ in with respect to anisometropia with the
values being +0.4 D, +0.5 D, and +0.6 D in Groups
1, 2A, and 2B, respectively. Cycloplegic refraction
data in the fixing hyperopic meridians were com-
pared with prescriptions actually prescribed for the
patients in both subsets of Group 2 before and after
the onset of esotropia. Before strabismus developed,
dispensed prescriptions undercorrected hyperopia by
a mean of +1.6 D ± 0.4 in Group 2A and +1.62 D
± 0.5 in Group 2B. Thus, the amount by which the
cycloplegic refraction was cut was essentially identical
in the two subsets of Group 2—those that did and
did not develop esotropia and these differences were
not statistically significant.

With respect to visual acuity, all children in Groups
1 and 2A had acuities that were normal for their age
(0.63–1.0 Decimal; 0.2–0.0 LogMAR).12–14 Children
who developed strabismus (Group 2B) had lower visual
acuities at 3–4 years (0.5 Decimal in 35%, 0.4 Decimal
in 29%, and 0.63–1.0 Decimal in 19%). Visual acuity of
the fixing and nonfixing eyes of these strabismic chil-
dren were within <2 lines of interocular difference in
visual acuity.

All of the 3 groups showed significant reductions of
the mean hyperopia in both eyes (see Table 1).
Although the reduction was greatest in Group 2B, sec-
ond most in Group 2A, and least in Group 1, and the
differences in the reduction in the 2 groups appear
small clinically, the differences were statistically signifi-
cant. The changes in Groups 2A and 2B showed sig-
nificantly greater reductions in hyperopia than Group 1
(p = 0.0001 and p = 0.0046, respectively). There was no
significant difference in emmetropization between
groups 2A and 2B. Within each of the 3 groups, the
emmetropization rates of the fixing and nonfixing eyes
showed no significant difference (p > 0.05).
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Discussion

Our study suggests that dynamic retinoscopy can predict
which orthotropic hyperopic infants can be observed
without spectacles and are not at risk for developing
esotropia, and which are at risk. If an infant is orthotropic
despite high hyperopia, and shows good accommodation
on dynamic retinoscopy, we feel they are at low risk for
developing esotropia and glasses can be withheld. On the
other hand, if accommodation is subnormal as deter-
mined by dynamic retinoscopy, there is almost a 50%
risk of esotropia, and at least partial hyperopic correction
should be given. Our study further suggests that doing so
does not meaningfully impede emmetropization.

It is unclear why children who developed strabismus
had lower visual acuities. We do not feel it was due to our
prescribing less than the full hyperopic correction because
the prescriptions we dispensed were sufficient to allow for
clear focusing at near determined by dynamic retino-
scopy. Moreover, visual acuities were better in infants in
Group 1 for whom glasses were not dispensed.

In this population, of 216 patients with ≥5 D hyper-
opia, 31 (14.35%) developed strabismus. Perhaps the
most interesting and useful of our findings relates to
the possible association between initial dynamic retino-
scopy response and the future development of strabis-
mus. Only infants with initial who showed deficient
accommodation with dynamic retinoscopy developed
strabismus, and nearly half of these patients (47.7%)
developed esotropia. One might speculate that if full
hyperopic correction had been dispensed to these
infants initially, the incidence of esotropia would have
been lower. We did not do so because we did not want
to interfere with emmetropization, and in fact, our
approach suggests we were successful in that regard.
We do not believe that had we prescribed full hypero-
pic correction initially, that the incidence of esotropia
would have been less, because the amount of hyperopic
correction we prescribed allowed for a clear formed
image on the retina with the infants’ habitual accom-
modation for near fixation. Nevertheless, this is spec-
ulation on our part. We also realize that had we
dispensed the full cycloplegic correction to all infants
in Group 2, approximately 50% of them would have

received more hyperopic correction than they needed,
which may have impeded emmetropization.

With respect to emmetropization, in the fixing eyes
of the 146 patients followed without glasses (Group 1),
the hyperopic decline was 0.37 D ± 0.25/year
(1.12 D ± 0.8 over a mean follow-up time of
35.4 months ± 2.1). This is comparable to some of
the limited data in previous studies.7,15–17 Of our 65
patients for whom we prescribed glasses (Groups 2A
and 2B), there were greater overall decreases in hyper-
opia compared to Group 1. Groups 2A and 2B did
consist of higher hyperopes than Group 1 to start
with. Consistent with the results of previous studies,-
17,18 the reduction in hyperopia was greater in our
study when the initial hyperopic error was greater.
There was no significant difference in emmetropiza-
tion between children with and without strabismus
(Groups 2A and 2B). Hyperopic decline was
1.50 D ± 0.8 over a mean of 35.4 months ± 2.1 in
Group 2A and 1.80 ± 0.6 D over a mean of
35.4 months ± 2.1 among Group 2B, which were
higher rates compared to previous studies.19,20 We
speculate that the higher emmetropization rates in
our treated groups can be attributed to the mainte-
nance of full accommodative ability.

This study needs to be viewed in the light of the
following limitations. Probably the biggest limitation is
that we excluded patients whose anisometropia
exceeded +1.50 D. One cannot extrapolate results
from this study with confidence to patients who have
higher amounts of anisometropia. Also, we evaluated a
select group of infants with ≥5 D of hyperopia; whether
our observations are applicable to all patients with high
hyperopia may be subject to question.

Another big limitation is that there were no compar-
ison groups, with either no correction despite subnormal
accommodation, spectacle correction despite normal
accommodation, or full correction with subnormal
accommodation. We are also aware that dynamic retino-
scopy is a subjective test with the potential for interobser-
ver variability. But, we consider dynamic retinoscopy as a
valuable clinical tool which we have been performing for
infants and children as a part of routine office examination

Table 1. Mean loss of hyperopia (spherical equivalent).

Spherical refractive change
Group 1
(n = 146)

Group 2A
(n = 34)

Group B
(n = 31)

Fixing eye −1.12 D ± 0.77a

range: from 0 to −4.0
−1.50 D ± 0.83

range: from −0.25 to −3.25
−1.81 D ± 0.59a

range: from −0.75 to –2.5
Nonfixing eye −1.19 D ± 0.80 b,c

range: from 0 to −3.5
−1.56 D ± 0.83b

range: from 0.25 to –3.5
−173 D ± 0.78c

range: from 0 to −4.5
a (p < 0.0001).
b (p = 0.046).
c (p = 0.002).
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for many years, so we feel our data were sufficiently
accurate for the purposes of this study.

Based on data reported herein, the following conclu-
sions seem justified:

(1) Accommodative insufficiency at 3–12 months
of age may be an indicator of future strabismus
and poor visual outcome.

(2) Dynamic retinoscopy appears to be a useful
diagnostic tool for deciding whether to provide
an optical correction for an infant with high
hyperopia.

(3) Partial spectacle correction given in accordance
with dynamic retinoscopic findings may reduce
strabismus and amblyopia without interfering
with emmetropization. Infants with high
hyperopia who wear partial spectacle correc-
tion that maintain full accommodative ability
at near seem to have normal visual acuities
after the emmetropization period.

(4) Nothing in this study suggests that dynamic
retinoscopy by itself is an effective screening
tool. Even if binocular accommodative
responses are normal, every infant should go
through a cycloplegic refractive evaluation to
detect an amblyopiogenic refractive error.
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