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Abstract
Background: To compare the refractive results of two autorefractors.

Methods: We designed this study as an observational, cross-sectional study. We compared the mean
spheric and cylinder power, spherical equivalent, Jackson cross-cylinder values, determined the limits of
agreement (LoA), and evaluated reliability.

Results: Nidek HandyRef-K autorefractor measured more astigmatism and myopia in terms of the mean
cylindrical power (P<.001) and spherical equivalent (P=.024). Nidek HandyRef-K showed signi�cantly
more myopic results in subgroups with spherical power more than +1.50 Diopters (D) hyperopia and -3.00
D myopia (P=.031; P=.045; P=.026; respectively) and higher astigmatism in the subgroup with the
cylindric power less than -1.00 D (P<.001). The mean differences and 95% LoA were 0.06 D ± 0.47 D
(-0.82 D to 0.98 D) in spherical power, 0.08 D ± 0.28 D (-0.47 D to 0.64 D) in cylindrical power, 0.11 D ±
0.47 D (-0.81 D to 1.01 D) in spherical equivalent, 0.02 D ± 0.36 D (-0.73 D to 0.69 D) in Jackson cross-
cylinder power at 0°, 0.005 D ± 0.54 D (-1.07 D to 1.06 D) in Jackson cross-cylinder power at 45°. There
was a strong correlation for spherical power (Spearman’s rho=0.99, P<.001), cylindrical power
(Spearman’s rho=0.88, P<.001), spherical equivalent (Spearman’s rho=0.98, P<.001).

Conclusion: Nidek HandyRef-K showed more myopic results regarding spherical equivalent and
cylindrical power. Nidek HandyRef-K showed signi�cantly more myopia in spherical power more than
+1.50 D hyperopia, -3.00 D myopia, and more prominent astigmatism in cylindrical power less than -1.00
D subgroups.

Introduction
Amblyopia is a treatable eye disease that occurs in early childhood and may result in irreversible vision
loss if not detected and treated. Timely identi�cation of refractive errors in children is crucial for visual
development and preventing amblyopia. Although cycloplegic retinoscopy is the gold standard for
evaluating refractive error in children, it has some limitations,[1] namely; it is time-consuming, requires an
experienced retinoscopist, and may terminate the examination due to patient discomfort.

Different techniques, such as handheld auto-refractometers and photo refractometers, are commonly
used to detect refractive errors [2]. The new generation table-mounted auto-refractometer is commonly
used in ophthalmology clinics worldwide. Although these devices provide rapid and valid measurements
of refractive error, they are bulky and not portable [3]. Table-mounted auto-refractometers are not useful
for uncooperative and immobile patients.

On the other hand, handheld auto-refractometers are small, portable, and ergonomic and can be used
anywhere as needed. They are also appropriate for newborns, infants, and bedridden patients or
musculoskeletal abnormalities restricting their mobility.
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Cycloplegic refraction is essential for paralyzing accommodation and accurately measuring refractive
error, especially in childhood. It can result in irritation, burning, light sensitivity, and blurred vision.
However, these mild side effects are temporary and well-tolerated.

In this cross-sectional study, we compared the cycloplegic measurements of a table-mounted (Topcon
TRK-2P; Topcon Medical Systems, Inc., Tokyo, Japan) and handheld (Nidek HandyRef-K; Nidek Co., Ltd.,
Tokyo, Japan) auto-refractometer, and determined the limits of agreement (LoA) and reliability of both
devices.

Methods
Pediatric patients who visited the ophthalmology clinic for regular ocular examination were enrolled in
this observational cross-sectional study. After informing the patients and their parents or legal
representatives, consent was obtained from children, parents, or legal representatives. All patients
underwent comprehensive ocular examination, including visual acuity, anteroposterior segments check,
ocular motility, and the cover-uncover test. The exclusion criteria were patients with manifest strabismus
or motility disorders; any type of nystagmus; a history of sensitivity to cyclopentolate; any type of media
opacity; congenital or acquired corneal, lenticular, retinal, choroidal, or optic disc abnormalities; and
participants who incorporated or had hypersensitivity reactions to cyclopentolate during the examination.
Cyclopentolate 1% (Cycloplegin; Abdi Ibrahim, Istanbul, Turkey) was applied three times at intervals of 5
min. Then patients waited for about 45 min to attain complete cycloplegia, which resulted in dilated
pupils that did not react to intense light. The evaluation was performed in the same room and light
condition, with Topcon TRK-2P and Nidek HandyRef-K by a single expert blinded to the study.

The standard refractometer model was used for both devices, and the mean spherical power (Spwr),
cylindrical power (Cpwr), and cylindrical axis (Cax) of three consecutive measurements were recorded
using Statistical Package for the Social Sciences (SPSS) version 21.0.0.0 (IBM Corporation and other(s)
1989, 2012). If three consecutive measurements from each device differed by more than 0.50 D, repeated
evaluations were done until the variations decreased below 0.50 D.

In the SPSS program, spherical equivalent (SE), Jackson cross-cylinder power at 0° (J0), and 45°(J45) axis
were computed using the following formulas: SE = Spwr+Cpwr/2; J0=-(Cpwr/2) cos 2Cax; and J45 =-(Cpwr/2)
sin 2Cax, respectively. Because the refractive errors of two eyes are correlated, measurements of the left
eyes were analyzed.

All subjects were divided into subgroups according to the mean Spwr and Cpwr of the Topcon TRK-2P
values. The subgroups were designed considering the American Academy of Ophthalmology guidelines
for correcting more than − 3.00 D and + 4.50 D isoametropia, -3.00 D and + 1.50 D anisometropia, and
2.00 D astigmatic refractive error in young children [4]. We also compared the mean astigmatic refractive
error under 1.00 D since it is mostly seen in clinical practice.
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After testing the normality and homogeneity of variables with the Shapiro-Wilk, Kolmogorov-Smirnov, and
Levene’s tests (p < 0.05 for all variables with all tests), the Wilcoxon signed-rank test was performed. The
Bland–Altman plot was generated to determine the 95% LoA. Spearman’s rank correlation coe�cient was
used to assess reliability. P < 0.05 was respected as statistically signi�cant.

The study was managed consistent with the Declaration of Helsinki’s principle and approved by the Local
Ethics Committee.

Results
The left eyes of 256 pediatric patients were evaluated in this study. The gender distribution was 127
females (49%) and 129 males (51%). The mean age (± standard deviation [SD]) was 9.12 ± 2.26 years
(range, 5–16 years). Figure 1 shows the age distribution.

There were no signi�cant differences in Spwr, J0, and J45 between the two devices (P = .19, P = .56, P 
= .247, respectively; Table 1). However, the Nidek HandyRef-K autorefractor measured more astigmatism
and myopia in terms of mean Cpwr (P < .001) and SE (P = .024) and showed more prominent Cax (P = .037)
compared to Topcon TRK-2P (Table 1).

Table 1
Comparison of the refractive measurement of two devices in all eyes.

Spwr (D) Mean ± SD

Range

Cpwr (D) Mean ± SD

Range

Cax (0) Mean ± SD

Range

SE (D) Mean ± SD

Range

J0 (D) Mean ± SD

Range

J45 (D) Mean ± SD

Range

Topcon TRK-2P Nidek Handy Ref-K P-value

2.23 ± 3.45 2.17 ± 3.39 0.191

(-4.50)-( 15.25) (-4.75)-(14.75)

-0.75 ± 0.83 -0.84 ± 0.85 < 0.001

(-4.75)-(0.00) (-5.00)-(0.00)

82.84 ± 72.94 100.38 ± 74.42 0.037

0-180 0-180  

1.85 ± 3.35 1.75 ± 3.30 0.024

(-4.88)-(14.88) (-5.25)-(14.50)

-0.08 ± 0.36 -0.06 ± 0.36 0.560

(-1.99)-(1.80) (-1.57)-(1.90)  

-0.05 ± 0.42 -0.04 ± 0.47 0.247

(-2.16)-(1.54) (-1.92)-(2.40)

Spwr: Spherical power, Cpwr: Cylindrical power, Cax: Cylindrical axes, SE: Spherical equivalent, SD: Standard
deviation, D: Diopter, J0: Jackson cross-cylinder power at 0° axis, J45: Jackson cross-cylinder power at 45°
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axis.

In subgroup analysis, Nidek HandyRef-K showed signi�cantly more myopia in subgroups with Spwr

between + 1.50 D and + 4.50 D hyperopia, more than + 4.50 D hyperopia, and − 3.00 D myopia (P = .031, P 
= .045, P = .026, respectively; Table 2) compared to the Topcon TRK-2P.

Table 2
Comparison of the mean Spwr of two devices in the subgroups for Spwr.

Subgroup for Spwr Age (Year) N Topcon TRK-2P Nidek Handy Ref-K P-value

Mean (Range) Mean ± SD

Spwr ≤ -3.00 11.11(6–14) 24 -4,19 ± 0.77 -4.40 ± 0.90 0.026

-3.00 < Spwr ≤ 0.00D 7.98(5–15) 76 -1.14 ± 0.45 -1,18 ± 0.38 0.541

0.00 ≤ Spwr < + 1.50D 8.22 (5–16) 54 0.62 ± 0.53 0.58 ± 0.78 0.305

+ 1.50D ≤ Spwr < + 4.50D 7 (5–13) 61 2.01 ± 1.02 1.87 ± 1.06 0.031

Spwr ≥ + 4.50D 6.12 (5–13) 41 6.75 ± 2.64 6.51 ± 2.61 0.045

Spwr: Spherical power, SD: Standard deviation, D: Diopter, N: Number

Nidek HandyRef-K also showed higher astigmatism and axes in the subgroup with Cpwr < -1.00 D than
Topcon TRK-2P (P < .001 and P = .025, respectively; Table 3).
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Table 3
Comparison of the mean Cpwr, axis, and Jackson cross-cylinder power in the subgroups for Cpwr.

Subgroup for Cpwr Age (Year) N Topcon TRK-2P Nidek Handy Ref-K P-value

Mean (Range) Mean ± SD

Cpwr ≤ -2.00 6.2 (5–13) 64      

Cpwr (D)     -2.42 ± 0.95 -2.49 ± 0.97 0.245

Cax (0)     106.11 ± 79 130.37 ± 68.52 0.262

J0 (D)     -0.26 ± 0.86 -0.21 ± 0.80 0.831

J45 (D)     -0.26 ± 0.93 0.03 ± 1.1 0.447

-2.00 < Cpwr ≤ -1.00D 6.5 (5–14) 51      

Cpwr (D)     -1.13 ± 0.13 -1.05 ± 0.34 0.355

Cax (0)     76.19 ± 76.71 78.1 ± 79.51 0.134

J0 (D)     -0.12 ± 0.30 -0.18 ± 0.38 0.709

J45 (D)     0.03 ± 0.48 -0.12 ± 0.36 0.351

-1.00D < Cpwr 7.9 (5–16) 141      

Cpwr (D)     -0.38 ± 0.25 -0.52 ± 0.34 < 0.001

Cax (0)     79.22 ± 71.11 97.71 ± 73.74 0.025

J0 (D)     -0.04 ± 0.15 -0.02 ± 0.18 0.251

J45 (D)     -0.02 ± 0.17 -0.05 ± 0.24 0.171

Cpwr: Cylindrical power, Cax : Cylindrical axes, SD: Standard deviation, D: Diopter, J0: Jackson cross-
cylinder power at 0° axis, J45: Jackson cross-cylinder power at 45° axis

The mean differences and 95% LoA were 0.06 D ± 0.47 D (-0.82 D to 0.98 D) in Spwr (Fig. 2), 0.08 D ± 0.28
D (-0.47 D to 0.64 D) in Cpwr (Fig. 3), 0.11 D ± 0.47 D (-0.81 D to 1.01 D) in SE (Fig. 4), 0.02 D ± 0.36 D
(-0.73 D to 0.69 D) in J0 (Fig. 5), 0.005 D ± 0.54 D (-1.07 D to 1.06 D) in J45 (Fig. 6).

There was a strong correlation for Spwr (Spearman’s rho = .99, P < .001), Cpwr (Spearman’s rho = .88, P 
< .001), SE (Spearman’s rho = .98, P < .001); a moderate positive correlation for J0 (Spearman’s rho = .32, P 
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< .001); and a weak positive correlation for J45 (Spearman’s rho = .17, P = .018) between the two devices
(Table 4).

Table 4
The reliability of two devices for Spwr, Cpwr, SE, J0, and J45 with

the Spearman’s correlation coe�cient.

  Spwr Cpwr SE J0 J45

Rho 0.99 0.88 0.98 0.32 0.17

p-value < 0.001 < 0.001 < 0.001 < 0.001 0.018

Spwr: Spherical power, Cpwr: Cylindrical power, SE: Spherical equivalent, J0: Jackson cross-cylinder power
at 0° axis, J45: Jackson cross-cylinder power at 45° axis, Rho: Spearman’s rho

Discussion
The Nidek HandyRef-K is a closed-�eld handheld, portable, easy-to-use, monocular auto-refractometer
that detects refractive errors in infants, any age of childhood, and adolescents sitting, standing, or supine
position. A fogging mechanism is exerted to reduce accommodation. Its measurement range is -20.00 D
to + 20.00 D sphere (0.12 D/0.25 D increments), cylinder 0 D to 12.00 D (0.12 D/0.25 D increments), and
axis 0° to 180° (1°/5° increments) [5].

Topcon TRK-2P is a table-mounted instrument that assembles a refractor keratometer, non-contact
tonometer, and pachymeter in one compact device. However, these devices are large, di�cult to move,
and not appropriate for bedridden patients, infants, or any patient who cannot sit down to get
measurements. The refractive measurement range of Topcon TRK-2P is -30 D to + 25 D sphere (0.12
D/0.25 D increments), 0 D to 12 D cylinder (0.12 D/0.25 D increments), and 0° to 180° (1°/5° increments)
astigmatic axis.[6] Topcon TRK-2P also uses a fogging mechanism to diminish accommodation.

Screening the refractive error in childhood and adolescence without cycloplegia is controversial. Because
accommodation is more active at these ages, it is challenging to estimate myopia’s prevalence or latent
hyperopia. The cycloplegic refraction is strongly recommended, especially in patients with strabismus or
high refractive error [7, 8].

Cycloplegic agents have some side effects such as irritation, burning, photophobia. Some adverse
reactions, such as concentration and memory problems, confusion, drowsiness, disorientation, and
seizures, were reported [9, 10]. However, these side effects are temporary and well-tolerated. Although
some studies have shown that a handheld auto-refractometer is useful for non-cycloplegic screening for
refractive errors, cycloplegic refraction is recommended to avoid problems caused by accommodation
and to determine latent refractions in childhood and adolescence [11].
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The accuracy of varied auto-refractometers differs concerning Spwr, Cpwr, SE, and Cax, depending on
cycloplegia. Mirzajani et al.[12] reported prominent variation in the Spwr, SE, and J45 vector between the
Nidek table-mounted auto refractometer (Nidek ARK-510A; Gamagori, Japan) and Nidek ARK-30 handheld
auto refractometer (NidekARK-30) in a multi-stage cluster sampling cross-sectional study. They found a
strong positive correlation and fair agreement for Spwr, SE, J0, and J45 vectors. However, the patients’
mean age was 32.7 ± 18.72 years, ranged from 3 to 90 years, and refractive measurements were
undertaken in non-cycloplegic conditions with both devices.

Akil et al.[13] compared outcomes of a handheld (Retinomax K-plus 3; Righton, Tokyo, Japan) and a
table-mounted (Canon RK-F1; Canon USA Inc., Lake Success, NY, USA) auto-refractometer. They evaluated
signi�cantly hyperopic results for mean SE with Canon RK-F1 before cycloplegia. Good agreement and no
signi�cant difference was obtained for Spwr, Cpwr, J0, and J45 among Retinomax K-plus, Canon RK-F1, and
cycloplegic retinoscopy after cycloplegia. However, their sample size was relatively small, and they did
not compare the results in subgroups that were designed to measure Spwr and Cpwr.

In a cross-sectional study, Oral et al.[14] evaluated the cycloplegic results of a handheld autorefractor
with cycloplegic retinoscopy and reported no signi�cant difference in terms of mean Spwr, Cpwr, and SE,
and a strong correlation with each other. Nevertheless, they also did not consider the results in subgroups
that were designed for the Spwr and Cpwr.

Farook et al.[15] compared a handheld autorefractor (Retinomax K-plus 3; Righton, Tokyo, Japan) with a
table-mounted autorefractor (Topcon RM8000B; Tokyo, Japan) and subjective refraction. They found that
the Retinomax measured more myopia than the Topcon RM8000B and subjective refraction. However,
their measurements were in non-cycloplegic condition and included adult participants.

Seymen et al.[16] compared three handheld autorefractors (HandyRef-K, Retinomax, and Plusoptix). They
reported no signi�cant difference among three handheld devices for mean Spwr and Cax. However, the
mean SE measured with Plusoptix was signi�cantly more myopic compared to HandyRef-K and
Retinomax. The authors also found that the mean Cpwr measured by HandyRef-K was considerably
higher compared to Plusoptix and Retinomax. In their study, refractive measurements with Plusoptix were
undertaken in non-cycloplegic conditions, while those with HandyRef-K and Retinomax were in
cycloplegic states. Moreover, they did not compare the mean J0 and J45 values.

This current study was designed as an observational cross-sectional study in pediatric patients whose
ages ranged from 5 to 16 years in cycloplegic conditions. We found that the Nidek HandyRef-K handheld
autorefractor measured more astigmatism and myopia in terms of mean Cpwr, SE, and showed more
prominent Cax compared to Topcon TRK-2P. Nidek HandyRef-K showed signi�cantly myopic results in
subgroups with Spwr between + 1.50 D and + 4.50 D hyperopia, more than + 4.50 D hyperopia, and − 3.00
D myopia. Nidek HandyRef-K also showed more prominent astigmatism and axes in the subgroup with
Cpwr less than − 1.00 D compared to the Topcon TRK-2P. Clinically, there was a good agreement for Spw,
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Cpwr, SE, J0, and J45. There was also a strong correspondence for Spwr, Cpwr, SE; a moderate positive
correlation for J0; and a weak positive correlation for J45 between two devices.

This study had some limitations. The primary �aw was not comparing the results with cycloplegic
retinoscopy. We could not measure cycloplegic retinoscopy from all the patients due to technical
problems with the device when the study continued. Therefore we did not reach enough cycloplegic
retinoscopy results for the comparison. We also did not compare the repeatability of Spw and Cpwr with
both devices.

In conclusion, the two autorefractors showed clinically suitable agreement intervals and reliability for
Spwr, Cpwr, SE, J0, and J45 in cycloplegic conditions, although Nidek HandyRef-K measured more
astigmatism and myopia. Nidek HandyRef-K showed signi�cantly myopic results in patients whose Spwr

was more than + 1.50 D hyperopia and − 3.00 D myopia and more prominent astigmatism in patients
whose Cpwr was less than − 1.00 D compared to Topcon TRK-2P. These differences should be kept in
mind in clinical practice to correct the refractive error in pediatric age.
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Figures

Figure 1

It demonstrates the age (year) disruption of 256 patients.
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Figure 2

Bland Altman plot indicates the agreement between Topcon TRK-2P and Nidek HandyRef-K for the mean
spherical power. The middle line demonstrates the mean difference of spherical power (0.06 D ± 0.47 D),
and the other two side lines show the 95% limits of agreement (-0.82 D to 0.98 D).
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Figure 3

Bland Altman plot indicates the agreement between Topcon TRK-2P and Nidek HandyRef-K for the mean
cylindrical power. The middle line demonstrates the mean difference (0.08 D ± 0.28 D), and the other two
side lines show the 95% limits of agreement (-0.47 D to 0.64 D).
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Figure 4

Bland Altman plot indicates the agreement between Topcon TRK-2P and Nidek HandyRef-K for the mean
spherical equivalent. The middle line demonstrates the mean difference (0.11 D ± 0.47 D), and the other
two side lines show the 95% limits of agreement (-0.81 D to 1.01 D).
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Figure 5

Bland Altman plot indicates the agreement between Topcon TRK-2P and Nidek HandyRef-K for the mean
Jackson cross-cylinder power at 0°. The middle line demonstrates the mean difference (0.02 D ± 0.36 D),
and the other two side lines show the 95% limits of agreement (-0.73 D to 0.69 D).
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Figure 6

Bland Altman plot indicates the agreement between Topcon TRK-2P and Nidek HandyRef-K for the mean
Jackson cross-cylinder power at 45°. The middle line demonstrates the mean difference (0.005 D ± 0.54
D), and the other two side lines show the 95% limits of (-1.07 D to 1.06 D).


