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Abstract

Objectives: To assess the amplitude of accommodation by autorefractometer in children with bilateral high hyperopia.
Methods: The records of children with bilateral high hyperopia (+6.00 diopter and above) were investigated. Age, amplitude 
of accommodation (AA) values and pupil size (PS) changes measured by closed-field autorefractometer (Tonoref III), spher-
ical equivalent (SE), astigmatism, presence of amblyopia, strabismus, and stereopsis were noted. Age-matched emmetropic 
children were also assessed as control group. Comparisons were statistically performed.
Results: The mean ages of high hyperopia (n=32) and control groups (n=32) were not statistically different (p=0.905). 
Mean SE values were different in both eyes between groups (p<0.001, p<0.001, right and left eyes, respectively). Mean AA 
in both eyes were different between groups (p=0.017, p=0.02, right and left eyes, respectively). AA differences between 
two eyes and pupil size measurements in both eyes (right and left) were not different (p=0.90, p=0.576, p=0.35, respec-
tively). Presence of strabismus and amblyopia were higher in hyperopia group and stereoacuity was better in control 
group. In hyperopia group, there was statistical difference between patients with and without strabismus regarding to 
mean AA (p=0.03). 
Conclusion: Accommodative amplitude, measured by a closed-field autorefractometer (Tonoref III) was lower in bilateral high 
hyperopic children. AA difference between two eyes and pupil sizes during accommodation were not different between high 
hyperopic patients and emmetropic controls. High hyperopic patients with strabismus were found to have better accommoda-
tive amplitude.    
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Introduction

Significant hyperopia is stated as hyperopia sufficient to 
cause symptoms prompting clinical attention. Hyperopia is 
categorized by the degree of refractive error: Low hyperopia 
is +2.00D or less, moderate hyperopia ranges from +2.25 to 
+5.00D, and high hyperopia is +5.25D or more. High hyper-
opia may cause strabismus and amblyopia (1). Levels greater 

than 1.00D of hyperopic anisometropia and 5.00D of iso-
metric hyperopia are considered amblyogenic (1). Previous 
studies reported that children with higher magnitudes of hy-
peropia tend to demonstrate larger and more variable lags 
of accommodation, and this may be a danger for abnormal 
visual development including strabismus and amblyopia (2-4).

As already known, accommodation is the eye’s ability to 
modify the focal length of the lens by changing the curvature 
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of the eye lens. Accommodation amplitude (AA) is the ac-
commodation performed to move the focal point from the 
farthest point to the closest point that can be seen. (5). The 
objective measurement of accommodation is the refractive 
changes in the eye measured with an automatic refractor 
while the subject focuses from a distant target to a near tar-
get. Both open- field and closed-field autorefractors might 
be utilized for measurement of AA and the latter has been 
widely utilized in ophthalmology clinics (6,7). The NIDEK 
Tonoref III (NIDEK Co., Ltd., Japan) is a closed-field autore-
fractor which dynamically and simultaneously measures the 
AA and also pupil size changes in 30 seconds (7). Previous 
studies showed a moderate agreement between AA obtained 
with subjective methods and objective Nidek measurements 
(7-9). Besides, Weng et al. found good repeatability of objec-
tive AA values measured by the Tonoref III. They suggested 
that measuring AA using the Tonoref III in ophthalmology 
clinics is feasible (9).

The aim was to investigate the AA of children with bilater-
al high hyperopia by using a closed-field autorefractor, Tonoref 
III, and comparison was made between high hyperopic and 
emmetropic eyes. In addition, the mean AA in high hyperopic 
children with and without strabismus was investigated. 

Methods

This study was conducted at Sakarya University Educational 
and Research Hospital. Prior approval was taken from the In-
stitutional Review Board (Ethical Committee of Sakarya Uni-
versity, Faculty of Medicine, IRB) (IRB number: E-71522473-
050.01.04-285269-277), and informed consent was taken 
from the parents of each subject. This study was conducted 
in accordance with the principles of the Helsinki Declaration.

The records of children with bilateral high hyperopia 
(+6.00 diopter and above, hyperopia group) and children 
with refractive error between -0.50 and +0.75 (control 
group) were reviewed.  Age and sex of children were not-
ed. The latest ophthalmological examination results includ-
ing best corrected visual acuity (BCVA), eye movements, 
presence and type of strabismus if present and stereopsis 
were noted. The age to start using glasses and duration of 
follow-up were also noted. All bilateral high hyperopic chil-
dren underwent optical correction considering the presence 
of strabismus, amblyopia, and dynamic retinoscopy findings. 
Amblyopia status was also noted. Recovery from amblyopia 
is defined as interocular difference of one line or none in 
visual acuity tables.   

Amplitude of accommodation (AA) values and pupil size 
(PS) changes were measured by closed-field autorefractom-
eter (Tonoref III) in each eye, before cycloplegic refraction 
examination. The difference between AA of each eye were 
also noted to assess asymmetrical accommodation. In order 

to keep the pupil steady, the room lighting was dimmed at 
the headrest of the device on which the patient was seated. 
All measurements were taken under the same conditions 
and at the same time of the day (10:00-12:00 AM). Ten min-
utes were left between right and left eye measurements to 
avoid the effect of fatigue.

The autorefractor function measures AA by focusing on a 
target approaching from a far distance. AA between 0-10 D, 
and pupil diameter between 3 to 8.5 mm can be measured 
by the device. 

Cycloplegic refraction was performed to all patients. 
Cyclopentolate Hydrochloride 1% topical agent is applied 
as one drop and repeated after 5 minutes.  Cycloplegia ac-
tion occurs in 30 to 45 minutes of instillation. After 45-60 
minutes, refraction was calculated by autorefractometer or 
handheld retinoscopy. Spherical equivalent (SE) and degree 
of astigmatisma were noted. The AA, SE, astigmatism, pupil 
size diameter measurements were extracted from the latest 
ophthalmic visit. 

Statistical Analysis
The Statistical Package for Social Sciences (SPSS) version 

20.0 (Statistical Package for Scientific Studies for Windows, 
SPSS Inc., Chicago, IL) was used for analysis. Comparisons 
were statistically performed between groups.  Normality 
for distribution of variables was determined by the Kolm-
ogorov-Smirnov test. Student-t-test was used to compare 
the mean values of two given samples and chi-square test 
was used to compare categorical variables. The correlation 
coefficient and significance between mean SE and AA in both 
eyes were determined using the Pearson Correlation test. A 
p-value of <0.05 was considered statistically significant.

Results
The records of 32 (64 eyes) patients and age-matched 32 (64 
eyes) control subjects were evaluated. Presence of unilateral 
amblyopia (n: 9) was higher in hyperopia group and stereo-
acuity was better in control group. Of these 9 amblyopic 
patients, 4 recovered from amblyopia, 5 did not (12.5%). The 
mean age to start using glasses was 3.9±1.5 years and the 
duration of follow-up was 66.3±26.16 months. Table 1 re-
veals characteristics of two groups. In the hyperopia group, 
14 patients had no strabismus and 18 had horizontal strabis-
mus. The mean AAs of hyperopic patients with and without 
strabismus were 3.8±1.57 and 2.84±1.81 diopter, respective-
ly (p:0.03). 

Significant differences were found in terms of mean SE, 
astigmatism values, mean AA in right and left eyes. The AA 
difference between two eyes were not different between 
groups. Pupil size measurements in both eyes were not dif-
ferent between groups. Table 2 reveals refractive parameters 
of both groups and p-values. 
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Discussion

In this study, strabismus was found to be more common in 
bilateral high hyperopic children compared to emmetropes 
and mean AA was lower in hyperopia group. Besides, the 
mean AA was found to be statistically higher in hyperopic 
children with strabismus compared to hyperopic children 
without strabismus. Ingram et al. found that individuals 
who developed strabismus had larger accommodative defi-
cits (10). Author also suggested that the infants who nei-
ther accommodate nor emmetropize have a defect in blur 
sensitivity and that these are risk factors for strabismus and 
amblyopia development (10). Studies revealed that patients 
who have accommodation deficits might be at risk for poor 
emmetropization, strabismus, and amblyopia (11). In our 

study, horizontal strabismus in bilateral hyperopic patients, 
regardless of eso- or exotropia, was more frequent in those 
with higher amplitude of accommodation. Variable accom-
modative effort may be the cause of eye squint in bilateral 
high hyperopic children or the small sample size may alter 
the statistical results. 

Amblyopia was seen more common in these bilateral hy-
peropic patients than healthy controls. On the other hand, 
amblyopia was not as common as strabismus in bilateral hy-
peropic patients. Only 12.5% of bilateral hyperopic patient 
had persistent unilateral amblyopia. We have already known 
that isoametropic amblyopia may occur in the presence of 
4.0–5.0 D or more of hyperopia but we did not see bilateral 
amblyopia in our cohort (12). Ziylan et al. found that 16.1% 
of high hyperopic children had isoametropic amblyopia (13). 
Atkinson et al. observed that correction of hyperopia in high 
hyperopic infants caused a decline in the incidence of strabis-
mus and poor acuity at 3.5 years of age compared to uncor-
rected patient group with comparable refractive errors. In 
line of this report, the mean age to start using glasses were 
low, in our study. Early screening and correction is very im-
portant in bilateral high hyperopic patients (14).

Candy et. al. suggested that the risk of failure to em-
metropize rises most dramatically above 4 D of hyperopia in 
nonamblyopic and nonstrabismic individuals (3). Horwood 
et al. found that accommodation for near was better in hy-
permetropic ones who go on to emmetropize (15). Hornoch 
et al. reported that most 5- to 24-month-olds accommodat-
ed well with moderate hyperopia, but high hyperopia above 
4.0 D is associated with abnormal accommodative perfor-
mance. Larger accommodation lags were linked with high-
er spherical equivalent refractive error, although only with 
hyperopia ≥4.0 D - ≥1.25 D lags were seen in a majority 
of children (16). In our cohort, based on autorefractometer 
measurements, amplitude of accommodation was also low 
in high hyperopic patients compared to healthy controls but 
the mean pupil size during accommodation was not different 
among groups. In the light of these data, it was suggested 
that high hyperopia is associated with low accommodative 
amplitude and near reflex impairment independent of focal 
depth. In clinical practice, low AA should be kept in mind 
when prescribing glasses for these children, and the prescrip-
tion should be determined by performing examinations for 
accommodation. 

Asymmetrical accommodation was found to be common 
in anisometropic amblyopes, previously (17). In our study, 
the difference in AA between the two eyes was not different 
between high hyperopic and emmetropic children is proba-
bly due to the fact that high hyperopia is bilateral. 

The major limitation of the study was the small sample 
size. Because of this, the statistical analysis may have been un-

Table 1. The characteristics of Hyperopia and Control Groups

Hyperopia Group Control Group p

The mean age 
(years)

9.37±2.09 9.44±2.08 p=0.90

Presence of 
stereopsis (%)

53.1 100 p<0.001

Presence of 
amblyopia (%)

28.1 0 p<0.001

Presence of 
strabismus (%)

56.2 3.1 p<0.001

Table 2. The refractive parameters of eyes in Hyperopia and 
Control Groups

Hyperopia GroupControl Group p

Mean AA OD 
(diopter)

3.28±1.59 4.37±1.91 p=0.017

Mean AA OS 
(diopter)

3.57±1.88 4.83±2.32 p=0.02

AA difference 
(diopter)

1.43±1.06 1.39±1.08 p=0.90

Mean Pupil size 
OD

6.54±0.64 6.64±0.85 p=0.57

Mean Pupil size 
OS

6.55±0.75 6.73±0.8 p=0.35

Mean SE OD 
(diopter)

7.15±1.08 -0.14±0.4 p<0.001

Mean SE OS 
(diopter)

6.99±1.10 -0.78±0.38 p<0.001

Mean astigmatism 
OD

0.96±0.45 -0.17±0.28 p<0.001

Mean astigmatism 
OS

0.94±0.44 -0.16±0.3 p<0.001

AA: Amplitude of accommodation OD: Oculus dexter OS: Oculus sinister
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derpowered. On the other hand, this study is the first which 
evaluates amplitude of accommodation by using closed-field 
autorefractometer in bilateral high hyperopic children. In 
future studies, grouping hyperopia into low, moderate, and 
high categories and comparing them can also provide us with 
useful information.  

Conclusion 

The mean AA was low in bilateral high hyperopic children. 
Besides, the mean AA was higher in hyperopic children with 
strabismus than in hyperopic children without strabismus. 
The mean AA difference between two eyes and pupil sizes 
during accommodation were not different between emme-
tropic and high hyperopic children.     
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