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Comparison of Two Different Photorefractors with 
Skiascopy Measurements in Healthy Children

ABSTRACT
Objective: Comparing refractive values determined by two photorefractory devices (Plusoptix® A09, GmbH, Nuremberg, Germany and SureSight®, 
Welch Allyn Co, New York, USA) with refractive values obtained by skiascope after cycloplegia with 1% cyclopentolate hydrochloride in healthy 
children.

Methods: Cases aged between 48 and 132 months were evaluated for this cross-sectional study. Cases with no ophthalmic pathology in both 
eyes and uncorrected visual acuity of 1.0 were included in the study. In all cases, refractive measurements were performed first with Plusoptix® and 
then with SureSight®. After providing cycloplegia with 1% cyclopentolate hydrochloride, skiascopy was performed. The correlation between the 
measurements obtained was evaluated with the Pearson correlation coefficient, and the compatibility was evaluated with the Bland-Altman analysis.

Results: The mean spherical values of 52 subjects measured by cycloplegic skiascopy, Plusoptix® and SureSight® were 0.88±2.07 dioptry (D), 0.69±1.78D 
and 1.64±1.06D, respectively; mean of cylindrical measurements are -0.73±0.68D, -0.92±0.67D and -0.83±0.70D, respectively. Comparing Plusoptix® 
with skiascopy, SureSight® with skiascopy, Plusoptix® with SureSight® measurements, a high positive correlation was found between spherical values 
(r=0.861, r=0.736, r=0.721, respectively); a positive correlation was also found between cylindrical values (r=0.602, r=0.675, r=0.901, respectively). 
Skiascopic spherical and cylindrical measurements with Plusoptix®, and skiascopic spherical and cylindrical measurements with SureSight® were 
found to be compatible with each other (within 95% confidence interval, lower limit: -2.65, upper limit: 1.89; lower limit: -1.35, upper limit: 0.95; lower 
limit: -3.56, upper limit: 2.06; lower limit: -1.20, upper limit: 0.98). Spherical and cylindrical measurements obtained with Plusoptix® and SureSight® 
were found to be consistent with each other (within 95% confidence interval, lower limit: -3.39, upper limit: 1.49; lower limit: -0.67, upper limit: 0.51).

Conclusion: It was concluded that the results of these three measurements in childhood were compatible with each other.
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INTRODUCTION

Ophthalmological examination begins with the detection of the 

refractive error (1). In the early detection of anisometropia, which 

is a cause that may lead to vision loss, especially amblyopia, the 

detection of refractive error is necessary (2-5).

The gold standard for the detection of refractive error is 

skiascopic measurement after cycloplegia with 1% atropine 

sulfate (6-8).  It has been shown that skiascopic measurements 

after 1% cyclopentolate hydrochloride drop give similar results 

with measurements after cycloplegia with atropine (9).  In recent 

studies, it has been shown that photorefractors, which are used 

as scanning programs, are also reliable and effective in detecting 

refractive errors (10,11).

Our aim in this study is to compare the refractive error measurement 

values determined by two separate photorefractors (Plusoptix® 
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A09, GmbH, Nuremberg, Germany and SureSight®, Welch Allyn 
Co, New York, USA) and the refractive error measurement values 
obtained by skiascopy after cycloplegia with 1% cyclopentolate 
hydrochloride in healthy children without amblyopia. There has 
been no previous study comparing these two devices with each 
other and with the skiascopic measurement after a drop of 1% 
cyclopentolate hydrochloride.

METHODS
The cases aged between 48 and 132 months, who applied to our 
hospital’s general polyclinic unit for routine control between May 
2019 and August 2019, were evaluated for this cross-sectional 
study. The cases with no ophthalmic pathology in both eyes and a 
corrected visual acuity of 1.0 with Snellen or E chart were included 
in the study. The ones with corrected visual acuity of 1.0 in one 
or both eyes, and with corrected visual acuity of 1.0 in both eyes 
but with ophthalmic pathology (acute bacterial conjunctivitis, 
previous keratitis, etc.) and cases with no vision data in Snellen or 
E chart were excluded from the study.

Approval for our study was obtained from the Ethics Committee 
of University of Health Sciences Turkey, İstanbul Training 
and Research Hospital with the decision number 1975 dated 
13.09.2019, and our study was carried out in accordance with the 
terms of the Declaration of Helsinki.  Informed written consent 
was obtained from the parents of each child included in the 
study.

Plusoptix® A09

It is a non-invasive, binocular photorefractometer that can be 
used in children aged 6 months and older, with symbols and 
sounds that will attract the attention of the child (12). It consists of 
a portable infrared camera (13). It is aimed to minimize the effect 
of accommodation by taking measurements from a distance 
of 1 meter.  The measuring range starts from -7.00 dioptry (D) 
for spherical and cylindrical values   and continues by increasing 
0.25D until +5.00D  (12).  There is no need for cycloplegia when 
measuring (14).

SureSight®

SureSight® is an easily portable, noninvasive, monocular 
photorefractometer.  The measured distance is 35 centimeters 
(14).  The central red light enables the child to fixate while the 
measurement is taken (15).  The measuring range starts from 
-5.00D for spherical and cylindrical values   and continues by 
increasing 0.25D until +5.00D (14).  It shows the reliability of the 
obtained values   by grading from 1 to 9 (16).  In this study, the 
measurement was repeated when the confidence value was less 
than 6. Like Plusoptix®, this photorefractometer does not require 
cycloplegia for measurement (14).

Cycloplegic Skiascopy

Skiascopy (retinoscopy) is the detection of the refractive error 
by subtracting +1.50D from the measurements made at an arm 

distance (67 cm) from the patient through the retinoscope.  In 
order to detect the refractive error of the patient’s right eye, the 
person performing the test holds the retinoscope with his/her right 
hand and evaluates with his/her right eye. The same situation is 
opposite for the left eye (17). Heine Beta® 200 retinoscope (HEINE 
Ophthotecnic, Herrsching, Germany) was used for skiascopy in 
this study.

Refractive Error Measurements

The refractive error measurements of all cases were first recorded 
by the technician in the dark room from a distance of 1 m using 
Plusoptix®. Refractive values   were then measured by the clinician 
from a 35 cm distance with SureSight® device. The visual acuities 
of the cases were evaluated by the same clinician using Snellen 
or E charts, each eye separately, and complete ophthalmological 
examinations were performed. At the end of the examination, one 
drop of 1% cyclopentolate hydrochloride was administered to all 
patients for cycloplegia 3 times at five-minute intervals.  Forty 
minutes later, skiascopic examination was performed by the other 
clinician, who was unaware of the refractive values   gathered with 
Plusoptix® and SureSight®, and the measurement values   were 
recorded.

Statistical Analysis

The refractive error measurement values   for both eyes were 
statistically analyzed with the SPSS 20.0® for Windows program. In 
order not to affect the reliability of the study statistically, the right 
eye of all cases was evaluated.  The relationship between the 
measurements taken from the devices was examined with the 
Pearson correlation coefficient, and the compatibility with the 
Bland-Altman analysis.

RESULTS
Fifty-two right eyes of 52 cases were included in the study.  18 
of the cases were female and 34 were male. The mean age was 
91.50±25.96 (range 53-141) months. The averages of the refractive 
measurement values   are shown in Table 1, and the lower and 
upper limits are shown in Table 2.

Comparing Plusoptix® with skiascopy, SureSight® with skiascopy 
and Plusoptix® with SureSight® measurements, a high positive 
correlation was found between spherical values (r=0.861, 
r=0.736, r=0.721, respectively).  The cylindrical values   obtained 
with Plusoptix® and SureSight® were highly positively correlated 
(r=0.901), while Plusoptix® and skiascopy and SureSight® and 
skiascopy cylindrical measurements were moderately positively 
correlated (r=0.602, r=0.675, respectively).  A high positive 
correlation was found between spherical equivalents from 
Plusoptix® and skiascopic measurement (r=0.863). Spherical 
equivalents obtained from Plusoptix® and SureSight® and 
SureSight® and skiascopic measurements were moderately 
positively correlated (r=0.683, r=0.685, respectively). A moderate 
positive correlation was found between the axis values   
obtained with Plusoptix® and skiascopy, SureSight® with skiascopy, 
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and Plusoptix® with SureSight® devices (r=0.550, r=0.363, r=0.482, 
respectively).

According to the Bland-Altman analysis, it was determined that 
both photorefractometers were compatible with the skiascopic 
measurement and with each other (Figures 1, 2 and 3). The results 
of the Bland-Altman analysis, in which the compatibility of spherical 
measurements obtained from two different photorefractometers 
with the spherical measurements obtained by skiascope are 
evaluated, are shown in Figures 1 and 2, and the results of the 
Bland-Altman analysis in which the compatibility with each 
other is evaluated are shown in Figure 3.  When Plusoptix® and 
skiascopic cylindrical measurements were evaluated, only 1 case 
was found outside the confidence interval (within 95% confidence 
interval, lower limit: -1.35, upper limit: 0.95, mean: -0.20, standard 
deviation: 0.58). Considering SureSight® and skiascopic cylindrical 
measurements, 2 cases were outside the confidence interval 
(within 95% confidence interval, lower limit: -1.20, upper limit: 
0.98, mean: -0.11, standard deviation: 0.55). When the cylindrical 
measurements obtained with Plusoptix® and SureSight® were 
evaluated, it was observed that 2 subjects were outside the 
confidence interval (within 95% confidence interval, lower limit: 
-0.67, upper limit: 0.51, mean: -0.08, standard deviation: 0.30).

DISCUSSION
Detection of refractive error in the pediatric age group is one of 
the most important factors in the detection of amblyopia, which 
can be treated in this age (18). Screening tests to be performed 
with photorefractometry in the early period for the determination 
of amblyopia have been used frequently, especially in school-
age children (19-21).  Our aim in this study is to evaluate the 
compatibility of measurements obtained with two separate 
photorefractometer devices with skiascopic measurements 

performed after cycloplegia with 1% cyclopentolate 

hydrochloride.

The gold standard for the determination of refractive error is 

skiascopy performed after cycloplegia obtained with 1% atropine 

sulfate drop (6-8).  In recent studies in the literature, it has been 

shown that photorefractometers also give results compatible with 

skiascopy (10-13).  Photorefractometers are  devices that enable 

the determination of refractive error as a result of the  reflection 

of the red reflex of the retina through the non-dilated pupil  and 

its  detection  with infrared cameras and evaluation with various 

software (22). Photorefractometers are easy to use and provides non-

contact, fast and comfortable measurements to be taken (22,23).

The advantages of taking measurements with Plusoptix® are that 

cycloplegia is not required and the device is portable and easy to 

Figure 2. Bland-Altman compatibility analysis of spherical 
refractive values in SureSight® and skiascopic measurements

Table 1. Refractive error measurement values determined 
by 3 different methods in cases

Plusoptix 
A09® SureSight® Skiascopy after 

cycloplegia

Spherical (D) 0.69±1.78 1.64±1.06 0.88±2.07

Cylindrical (D) -0.92±0.67 -0.83±0.70 -0.73±0.68

Spherical 
equivalent (D)

0.23±1.68 1.23±0.99 0.52±2.01

Axis (°) 69.77±70.64 76.15±72.41 91.67±77.19

Means of refractive measurements ± standard deviation, D: dioptry

Table 2. Lower and upper limits of refractive error 
measurements determined by 3 different methods in cases

Plusoptix 
A09® SureSight® Skiascopy after 

cycloplegia

Spherical (D) -5.25 to +4.25 -1.00 to +4.00 -3.75 to +5.00

Cylindrical (D) -2.75 to 0 -3.00 to 0 -3.00 to 0

Spherical 
equivalent (D)

-5.50 to +3.75 -1.13 to +3.63 -4.00 to +5.00

D: dioptry

Figure 1. Bland-Altman compatibility analysis of spherical 
refractive values in Plusoptix® and skiascopic measurements



Yalçınkaya et al. 
Two Types of Photoscreeners and Retinoscopy

J Acad Res Med 2021;11(2):206-10

209

use. The disadvantage of Plusoptix® is that it cannot numerically 
detect refractive errors outside the range of -7.00D to +5.00D. In 
addition, it requires a dark environment for measurement, which 
makes the examination of the pediatric group more difficult, 
where it is not easy to cooperate during the examination. Yılmaz 
et al. (12) compared Retinomax®, retinoscopy and Plusoptix® 
A09 measurements in 200 cases aged 4-12 years, and found no 
significant difference between spherical and cylindrical values   
between the three measurement methods, and stated that all 
three methods could be used in screening. Erdurmus et al. (24) 
compared Plusoptix® and cycloplegic skiascopy measurements 
with Pearson correlation analysis in 204 eyes and found positive 
correlations between spherical, cylindrical and spherical 
equivalents (r=0.63, r=0.70, r=0.63, respectively). In our study, there 
was a positive correlation between the refractive values   obtained 
by skiascopy by providing cycloplegia and the values   obtained 
by Plusoptix®.  Our measurements with cycloplegic skiascopy 
and Plusoptix® were consistent with each other (Figure 1).  On 
the other hand, in a study conducted by Yan et al. (4), Plusoptix® 

and cycloplegic retinoscopy measurements of 178 cases were 
compared, and they found a significant difference between 
spherical values   (p<0.001) and found no significant difference 
between cylindrical values   (p=0.14). Based on these results, they 
stated that Plusoptix® measurements were not compatible with 
cycloplegic skiascopy and their use in screening was doubtful 
(4). The fact that there were 86 amblyopian cases in the study, that 
63 cases with strabismus were not excluded from the study, and 
that the corrected visual acuity of the cases were in a wide range 
from 0.1 to 1.0 may have played a role in the lack of agreement 
between the two measurement methods.

When evaluating refractive errors with SureSight®, the fact that 
cycloplegia is not required, the device is portable, measurement 
can be taken in any dark or bright environment provides comfort 

in clinical practice;  however, a distance of 35 cm is required 
during the measurement, which can frighten children and make 
the examination difficult. In a study conducted by Silverstein 
et al. (25)  with 15,749 cases, they stated that SureSight® 
photorefractometer could be used in screening programs. In a 
study conducted by Ying et al. (11) with 4,040 preschool children 
aged 3-5 years, they compared cycloplegia-free retinoscopy, 
Retinomax® and SureSight® measurements, and found no 
significant difference in scans between the three measurements, 
and suggested that any one of them could be used for refractive 
error screening in the pediatric group.  In our study, there was a 
positive correlation between the refractive values   obtained by 
skiascopy by providing cycloplegia and the values   obtained by 
the SureSight® photorefractometer, and the values   obtained by 
both methods were compatible with each other (Figure 2).

Silbert et al. (14)  retrospectively measured the refractive values   
with SureSight® and Plusoptix® A09 in 90 children aged 1-17 years 
and found no significant difference between the devices in the 
refractive values   they obtained.  Silbert et al.  (16) reported that 
Plusoptix® and SureSight® photorefractometers could be used 
in screening programs in their study with 216 cases with a mean 
age of 9 years. We also found that the measurements we made 
with both photorefractometers were compatible with each other 
(Figure 3). There is no study in the literature comparing cycloplegic 
skiascopy, Plusoptix® and SureSight® photorefractometers with 
each other.

Study Limitations

Although the age group was appropriate in our study, the number 
of cases was a limiting factor. Since eyes with uncorrected visual 
acuity of 1.0 were included, eyes with extreme refractive error 
were excluded from the study, which is one of the limitations of 
our study.

CONCLUSION
As a result, it was seen that the results of these three 
measurements in childhood were compatible with each other.
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