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Background: The accuracy of open-field autorefractors is important for vision screening, clinical care, 
and vision research, especially in patients with childhood myopia. TOPCON KR3000 autorefractor was 
conventional autorefractor and subjective refraction after cycloplegia was gold criteria for assessing the 
refraction. Results of refractive error in Chinese school-aged children obtained by three methods were 
evaluated and compared.
Methods: A cross-sectional study was conducted. A total of 89 patients (with a total of 177 eyes) diagnosed 
as refractive error in the Affiliated Hospital of Nanjing University of Chinese Medicine from July 2020 
to September 2020 were sequentially enrolled in this study. All subjects underwent routine ophthalmic 
examination to exclude other ocular diseases and had a best corrected visual acuity no less than 0.1 The 
spherical diopter (SD), spherical equivalence (SE), and astigmatism (J0 and J45) were determined in patients 
before cycloplegia using two autorefractors, and again after cycloplegia. Subjective refraction results were 
obtained simultaneously after cycloplegia as gold criteria for comparison. A comparison of data between 
three methods was performed using paired t-tests and presented graphically using Bland-Altman plots.
Results: Before cycloplegia, the SD and SE results from WAM were 0.14 D and 0.12 D more positive 
than the reading from TOPCON (P=0.011 and P=0.021, respectively). The SD measured by WAM and 
TOPCON was 0.31 D and 0.45 D more negative than the values obtained by subjective refraction after 
cycloplegia, respectively (P<0.001 and P<0.001, respectively). The SE readings also showed a similar trend 
(P<0.001, P<0.001). After cycloplegia, the SD and SE measurement obtained with WAM were 0.13 D and 
0.12 D more positive than those measured by TOPCON (P<0.001 and P<0.001, respectively), and this was 
not significantly different to the results obtained using subjective refraction. However, the results of SD, SE, 
and J0 measured by the TOPCON were significantly different from the results obtained using subjective 
refraction (P<0.001, P<0.001, and P=0.002, respectively).
Conclusions: In clinical application, the measurements obtained with the WAM-5500 autorefractor were 
more reliable than those of the TOPCON KR3000 autorefractor in patients with or without cycloplegia. The 
WAM-5500 Autorefractor represents a reliable and valid objective refraction tool for optometric practice.
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Introduction

Refraction, as a routine examination in clinics, is divided 
into two categories, objective and subjective. Conventional 
autorefractors can provide spherical, power, and axis of 
cylinder values, and are a common means for optometrists 
to obtain objective refraction data due to their convenience 
and effectiveness. Although it is possible to project the visual 
target at a distance through an optical system and avoid 
accommodation through mechanisms such as automated 
fogging systems, conventional autorefractors will still easily 
induce accommodation because of proximal accommodation, 
resulting in the measurement being more myopic. Binocular 
open field autorefractors can overcome the limitations of 
conventional autorefractors mentioned above. They can 
continuously measure the refraction under open field in both 
eyes, thus effectively reducing proximal accommodation and 
have shown good reliability and accuracy (1-3).

Previous reports have compared binocular open field 
autorefractors and conventional autorefractors in patients 
with and without cycloplegia (4-9), binocular open 
field autorefractors and subjective refraction (1,2,10), 
or binocular open field autorefractors and retinoscopy 
(3,11), as well as comparisons of the results before and 
after cycloplegia with binocular open field autorefractors 
(12,13). However, there is a paucity of data comparing 
binocular open field autorefractor, conventional refractors 
and subjective refration before and after cycloplegia using 
Fourier decomposition of the power profile (14). Because 
these instruments are commonly used, evaluating their 
agreement for measuring refractive error in school-aged 
children is important for vision screening, clinical care, 
and vision research. Therefore, this study compared the 
results of two autorefractors with the results obtained 
by subjective refraction in patients with and without 
cycloplegia. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-22-226/rc).

Methods

Subjects

A total of 89 patients (177 eyes) who diagnosed as refractive 
error in Affiliated Hospital of Nanjing University of 
Chinese Medicine from July 2020 to September 2020, 
including 47 males and 42 females, aged 11.67±3.31 (range, 
6–18) years, were sequentially enrolled in this cross-
sectional study. The number of cases in the area during 

the study period determined the sample size. All subjects 
underwent routine ophthalmic examination to exclude 
other ocular diseases and had a best corrected visual acuity 
no less than 0.1. Visual acuity measurements at 4 m used 
a retro-illuminated log minimum angle of resolution 
(logMAR) chart with tumbling-E target (Chicago, IL, 
USA). All contact lenses were removed prior to obtaining 
measurements. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). The study 
was approved by institutional ethics board of Affiliated 
Hospital of Nanjing University of Chinese Medicine (No. 
2020NL-128-02). Informed consent was taken from their 
parents or legal guardians.

Apparatus

(I)	 A conventional autorefractor, TOPCON KR3000 
(Topcon, Japan), hereinafter referred to as the 
TOPCON autorefractor, was used. This autorefractor 
uses a closed-view format, having an internal fixation 
target, infrared light source, and automatic fogging 
device to relax accommodation. The subjects were 
asked to fixate their gaze on the target monocular 
inside the autorefractor during testing.

(II)	 The binocular open field autorefractor WAM-5500 
(Seiko, Japan), hereinafter referred to as the WAM 
autorefractor, has two measurement modes, dynamic 
and static. Under the static mode each measurement 
is similar to that of a conventional autorefractor. The 
dynamic mode enables continuous high-frequency  
(5 Hz) measurement of the spherical equivalence (SE) 
and pupil diameter. During testing, the subjects were 
requested to look at the standard at a distance of 6 m in 
both eyes (naked eye) [20/30, Early Treatment Diabetic 
Retinopathy Study (ETDRS) visual acuity chart]. 
Measurements were taken using the static mode.

Procedure

(I)	 Sequence of examination: all subjects were examined 
in the following order: (i) autorefraction with WAM; 
(ii) autorefraction with TOPCON; (iii) cycloplegia; 
(iv) autorefraction with WAM; (v) autorefraction with 
TOPCON; and (vi) routine subjective refraction. 
Measurements of the right eye were performed 
first, followed by measurements of the left eye. 
Three consecutive measurements were taken with 
each autorefractor by two different experienced 

https://tp.amegroups.com/article/view/10.21037/tp-22-226/rc
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optometrists (WQJ and MX). Autorefraction after 
cycloplegia was then performed. Subjective refraction 
at a distance was performed using phoropter (Nidek, 
Japan) by another experienced optometrist (WH).

(II)	 Cycloplegia: cycloplegia was induced with tropicamide 
eye drops (5 mg/mL; Tianjin, China) every 5 minutes 
for 6 cycles. Autorefraction was performed 20 to  
25 minutes following the final instillation.

Data processing and statistical methods

All prescription readings were recorded in negative 
cylindrical form. The refractive status of each eye (spherical, 
cylindrical power, cylindrical axis) was recorded. The 
mean SE was calculated as follows: mean SE = sphere + 
(cylinder/2).

Cycloplegia subjective refraction results were regarded as 
the gold standard for measuring refractive status in children. 
There were difficulties assessing the variance in the 
astigmatic component in the conventional clinical notation. 
Therefore the sphere, cylinder, and axis components 
were converted into a vector representation (14)  
as follows: J0 represents the axial 0°/180° [J0 = (−C/2) × 
cos2β], representing with/against the rule of astigmatism; 
J45 represents the axial 45°/135° [J45 = (−C/2) × sin2β] 
(β for astigmatism axial), representing the oblique axis of 
astigmatism.

SE ≥−0.50 D is defined as emmetropia and hyperopia; 
−3.00 D ≤ SE <−0.50 D is defined as mild myopia;  
−6.00 D ≤ SE <−3.00 D is defined as moderate myopia; and 
SE <−6.00 D is defined as high myopia.

Data before and after cycloplegia were calculated using 
SPSS 17.0 software (IBM, USA). The coincidence rate of 
spherical diopter (SD), SE, and cylindrical power (defined 
as the difference of diopter ≤0.50 D), and the cylindrical 

axis (defined as difference of degree ≤20°) were evaluated. 
Distribution was described according to the difference of 
the mean SE of the two autorefractors before and after 
cycloplegia, respectively. A comparison of data in different 
measurements was performed using paired t-tests and 
presented graphically using Bland-Altman plots (15). The 
intraclass correlation coefficient (ICC) was calculated 
to analyze the consistency of the three measurements. 
A P value of less than 0.05 was considered statistically 
significant.

Results

All 89 subjects completed the study.

Coincidence of WAM and TOPCON results

The coincidence of SD, SE, and cylindrical power, as 
well as the cylindrical axis results measured by the two 
autorefractors were compared with those measured by 
subjective refraction, with and without cycloplegia (Table 1). 
Under non-cycloplegia conditions, the coincidence of the 
WAM measurements was slightly higher than that of the 
TOPCON measurements in the SD and SE parameters, 
whereas the WAM measurements were slightly lower in the 
astigmatism parameters. However, the coincidence of each 
parameter of the two autorefractors obviously improved 
after cycloplegia and the overall coincidence of the 
TOPCON autorefractor was higher than that of the WAM 
autorefractor.

The subjects were divided by SE results after cycloplegia, 
with 39 subjects in the emmetropic and hyperopic group, 
94 in the mild myopic group, 37 in the moderate myopic 
group, and 7 in the high myopia group. The distribution of 
the difference between the two autorefractors (TOPCON-

Table 1 The coincidence of SD, SE, cylindrical power and cylindrical axis results measured by the two autorefractors compared with those 
measured by subjective refraction with and without cycloplegia

Status Eye Group
Coincidence, n (%)

SD SE Cylindrical power Cylindrical axis

Before 
cycloplegia

177 WAM 133 (75.1) 130 (73.4) 144 (81.4) 160 (90.4)

TOPCON 131 (74.0) 118 (66.7) 162 (91.5) 172 (97.2)

After 
cycloplegia

177 WAM 152 (85.9) 154 (87.0) 144 (81.4) 167 (94.4)

TOPCON 172 (97.2) 167 (94.4) 166 (93.8) 176 (99.4)

SD, spherical diopter; SE, spherical equivalence.
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WAM) within 0.25 D was significantly enhanced with 
cycloplegia compared to before cycloplegia in all groups 
(Table 2).

The ICC values between the different examination 
methods with and without cycloplegia are shown in 
Tables 3,4.

A comparison of WAM and TOPCON before and after 
cycloplegia

The results measured by WAM and TOPCON before 
cycloplegia is shown in Table 5. There was high correlation 
and agreement in the SD, SE, and J0 readings between 

WAM and TOPCON, with correlation coefficient values 
of 0.958, 0.960, and 0.900, and ICC values of 0.958, 0.960, 
and 0.896, respectively. The correlation coefficients and 
ICC values of J45 were somewhat lower, with R=0.606 and 
ICC =0.605, respectively. Scatter plots and Bland-Altman 
scatter plots for comparison of each parameter are shown in 
Figures 1,2. Further comparison showed that the SD results 
measured by WAM were more positive than those obtained 
by TOPCON (t=2.578, P=0.011), and there was also a 
similar trend in SE (t=2.329, P=0.021). However, there were 
no significant differences in the J0 and J45 results (P=0.172 
and P=0.156, respectively).

The results measured by WAM and TOPCON after 

Table 2 The distribution of the difference between the two autorefractors in all groups (TOPCON-WAM)

Group Eye
Difference of SE before cycloplegia, % [n] Difference of SE after cycloplegia, % [n]

>+0.25 D −0.25 D to +0.25 D <−0.25 D >+0.25 D −0.25 D to +0.25 D <−0.25 D

Emmetropia and hyperopia 39 30.8% [12] 38.5% [15] 30.8% [12] 25.6% [10] 56.4% [22] 17.9% [7]

Low myopia 94 8.5% [8] 38.3% [36] 53.2% [50] 5.3% [5] 56.4% [53] 38.3% [36]

Moderate myopia 37 13.5% [5] 37.8% [14] 48.6% [18] 5.4% [2] 51.4% [19] 43.2% [16]

High myopia 7 28.6% [2] 28.6% [2] 42.9% [3] 14.3% [1] 85.7% [6] 0.0% [0]

Total 177 15.3% [27] 37.9% [67] 46.8% [83] 10.2% [18] 56.5% [100] 33.3% [27]

SE, spherical equivalence; D, diopter.

Table 3 The ICC values between different methods in patients with cycloplegia

Group
SD SE J0 J45

ICC 95% CI ICC 95% CI ICC 95% CI ICC 95% CI

WAM vs. TOPCON 0.958 0.944–0.968 0.960 0.946–0.970 0.896 0.863–0.922 0.605 0.503–0.691

WAM vs. subjective refraction 0.952 0.935–0.964 0.953 0.937–0.965 0.886 0.849–0.914 0.645 0.550–0.723

TOPCON vs. subjective refraction 0.986 0.981–0.989 0.986 0.981–0.990 0.952 0.936–0.964 0.742 0.668–0.802

ICC, intraclass correlation coefficient; SD, spherical diopter; SE, spherical equivalence; J0, the axial 0°/180° representing with/against the 
rule of astigmatism; J45, the axial 45°/135° representing the oblique axis of astigmatism; CI, confidence interval.

Table 4 The ICC values between different methods in patients without cycloplegia

Group
SD SE J0 J45

ICC 95% CI ICC 95%CI ICC 95% CI ICC 95% CI

WAM vs. TOPCON 0.983 0.977–0.987 0.986 0.981–0.989 0.907 0.877–0.930 0.589 0.484–0.678

WAM vs. subjective refraction 0.983 0.977–0.987 0.986 0.982–0.990 0.895 0.862–0.921 0.501 0.382–0.604

TOPCON vs. subjective refraction 0.993 0.991–0.995 0.994 0.992–0.995 0.963 0.950–0.972 0.656 0.563–0.732

ICC, intraclass correlation coefficient; SD, spherical diopter; SE, spherical equivalence; J0, the axial 0°/180° representing with/against the 
rule of astigmatism; J45, the axial 45°/135° representing the oblique axis of astigmatism; CI, confidence interval.



Translational Pediatrics, Vol 11, No 6 June 2022 937

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2022;11(6):933-946 | https://dx.doi.org/10.21037/tp-22-226

T
ab

le
 5

 A
 c

om
pa

ri
so

n 
of

 th
e 

re
su

lts
 m

ea
su

re
d 

by
 W

A
M

 a
nd

 T
O

P
C

O
N

 b
ef

or
e 

cy
cl

op
le

gi
a 

w
ith

 th
e 

su
bj

ec
tiv

e 
re

fr
ac

tio
n 

re
su

lts
 a

ft
er

 c
yc

lo
pl

eg
ia

G
ro

up
S

D
 (D

)
S

E
 (D

)
J0

 (D
)

J4
5 

(D
)

x ±
s

95
%

 C
I

P
x ±

s
95

%
 C

I
P

x ±
s

95
%

 C
I

P
x ±

s
95

%
 C

I
P

W
A

M
 v
s.

 T
O

P
C

O
N

0.
01

1*
0.

02
1*

0.
17

2
0.

15
6

W
A

M
−

1.
60

7±
2.

47
4

−
1.

97
4 

to
 −

1.
24

0
−

2.
14

2±
2.

56
3

−
2.

52
2 

to
 −

1.
76

2
0.

45
6±

0.
49

7
0.

38
3 

to
 0

.5
30

−
0.

00
9±

0.
19

1
−

0.
03

7 
to

 0
.0

20

TO
P

C
O

N
−

1.
74

9±
2.

55
1

−
2.

12
7 

to
 −

1.
37

0
−

2.
27

2±
2.

66
8

−
2.

66
8 

to
 −

1.
87

6
0.

48
1±

0.
54

2
0.

40
0 

to
 0

.5
61

−
0.

02
7±

0.
19

8
−

0.
05

7 
to

 0
.0

02

W
A

M
 v
s.

 s
ub

je
ct

iv
e 

re
fr

ac
tio

n
<

0.
00

1*
<

0.
00

1*
0.

83
4

0.
20

7

W
A

M
−

1.
60

7±
2.

47
4

−
1.

97
4 

to
 −

1.
24

0
−

2.
14

2±
2.

56
3

−
2.

52
2 

to
 −

1.
76

2
0.

45
6±

0.
49

7
0.

38
3 

to
 0

.5
30

−
0.

00
9±

0.
19

1
−

0.
03

7 
to

 0
.0

20

S
ub

je
ct

iv
e 

re
fr

ac
tio

n

−
1.

29
7±

2.
60

8
−

1.
68

4 
to

 −
0.

91
0

−
1.

77
8±

2.
69

4
−

2.
17

7 
to

 −
1.

37
8

0.
46

0±
0.

51
8

0.
38

3 
to

 0
.5

37
−

0.
02

3±
0.

17
1

−
0.

04
9 

to
 0

.0
02

TO
P

C
O

N
 v
s.

 s
ub

je
ct

iv
e 

re
fr

ac
tio

n
<

0.
00

1*
<

0.
00

1*
0.

09
8

0.
69

3

TO
P

C
O

N
−

1.
74

9±
2.

55
1

−
2.

12
7 

to
 −

1.
37

0
−

2.
27

2±
2.

66
8

−
2.

66
8 

to
 −

1.
87

6
0.

48
1±

0.
54

2
0.

40
0 

to
 0

.5
61

−
0.

02
7±

0.
19

8
−

0.
05

6 
to

 0
.0

02

S
ub

je
ct

iv
e 

re
fr

ac
tio

n

−
1.

29
7±

2.
60

8
−

1.
68

4 
to

 −
0.

91
0

−
1.

77
8±

2.
69

4
−

2.
17

7 
to

 −
1.

37
8

0.
46

0±
0.

51
8

0.
38

3 
to

 0
.5

37
−

0.
02

3±
0.

17
1

−
0.

04
9 

to
 0

.0
02

*,
 P

<
0.

05
 w

as
 c

on
si

de
re

d 
st

at
is

tic
al

ly
 s

ig
ni

fic
an

t. 
S

D
, 

sp
he

ric
al

 d
io

pt
er

; 
S

E
, 

sp
he

ric
al

 e
qu

iv
al

en
ce

; 
J0

, 
th

e 
ax

ia
l 0

°/
18

0°
 r

ep
re

se
nt

in
g 

w
ith

/a
ga

in
st

 t
he

 r
ul

e 
of

 a
st

ig
m

at
is

m
; 

J4
5,

 th
e 

ax
ia

l 4
5°

/1
35

° 
re

pr
es

en
tin

g 
th

e 
ob

liq
ue

 a
xi

s 
of

 a
st

ig
m

at
is

m
; x

 ±
 s

, m
ea

n 
±

 s
ta

nd
ar

d 
de

vi
at

io
n;

 C
I, 

co
nf

id
en

ce
 in

te
rv

al
; D

, d
io

pt
er

.

cycloplegia is shown in Table 6. There was high correlation 
and agreement in the SD, SE, and J0 results between WAM 
and TOPCON, with correlation coefficients of 0.984, 
0.986, and 0.909, and ICC values of 0.983, 0.986, and 0.907, 
respectively. The correlation coefficient and ICC value of 
J45 were somewhat lower, with R=0.591 and ICC =0.589, 
respectively. Scatter plots and Bland-Altman scatter plots 
for comparison of each parameter are shown in Figures 1,2. 
Further comparison showed that the SD and SE results 
measured by WAM were more positive than those obtained 
by TOPCON (t=3.672, P<0.001; t=3.583, P<0.001), while 
there was no significant difference in the J0 and J45 results 
(P=0.262 and P=0.122, respectively).

A comparison of WAM and TOPCON before cycloplegia 
and subjective refraction after cycloplegia

The correlation and agreement of the SD, SE, and J0 
results between WAM before cycloplegia and subjective 
refraction after cycloplegia was extremely high, with 
correlation coefficients of 0.953, 0.954, and 0.886, and ICC 
values of 0.952, 0.953, and 0.886, respectively. However, the 
correlation coefficient and ICC value of J45 were somewhat 
lower, with R=0.648 and ICC =0.645, respectively. Scatter 
plots and Bland-Altman scatter plots for comparison of each 
parameter are shown in Figures 3,4.

The correlation and agreement of the SD, SE, and J0 
results between Topcon before cycloplegia and subjective 
refraction after cycloplegia were extremely high, with 
correlation coefficients of 0.986, 0.986, and 0.953, and ICC 
values of 0.986, 0.986, 0.952, respectively. Interestingly, the 
correlation coefficient and ICC value of J45 were somewhat 
lower, with R=0.750 and ICC =0.742, respectively. Scatter 
plots and Bland-Altman scatter plots for comparison of each 
parameter are shown in Figures 3,4.

Further comparison found that the SD of WAM and 
TOPCON before cycloplegia were both more negative 
than that of subjective refraction after cycloplegia (t=−5.219, 
P<0.001; t=−13.873, P<0.001). There was a similar trend 
for SE (t=−6.005, P<0.001; t=−14.739, P<0.001). However, 
neither the J0 results nor the J45 results showed any 
statistical difference (P=0.834 and P=0.098, and P=0.207 
and P=0.693, respectively).

A comparison of the WAM, TOPCON, and subjective 
refraction results after cycloplegia

The results of the refractive parameters for WAM, 
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Figure 1 Scatter plots showing the relationship between WAM and TOPCON in SD, SE, J0, and J45 parameters. (A) Non-cycloplegic SD; 
(B) cycloplegic SD; (C) non-cycloplegic SE; (D) cycloplegic SE; (E) non-cycloplegic J0; (F) cycloplegic J0; (G) non-cycloplegic J45; and (H) 
cycloplegic J45. SD, spherical diopter; SE, spherical equivalence; J0, the axial 0°/180° representing with/against the rule of astigmatism; J45, 
the axial 45°/135° representing the oblique axis of astigmatism; D, diopter.
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Figure 2 Bland-Altman plots showing the agreement between WAM and TOPCON readings. (A) SD and SE before cycloplegia; (B) 
J0 and J45 before cycloplegia; (C) SD and SE after cycloplegia; and (D) J0 and J45 after cycloplegia. SD, spherical diopter; SE, spherical 
equivalence; J0, the axial 0°/180° representing with/against the rule of astigmatism; J45, the axial 45°/135° representing the oblique axis of 
astigmatism; D, diopter.
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TOPCON, and subjective refraction after cycloplegia is 
shown in Table 6.

The correlation coefficients of the SD, SE, and J0 
results between WAM and subjective refraction were 0.983, 
0.986, and 0.896, respectively, and the ICC values were 
0.983, 0.986, and 0.895, respectively, while the correlation 
coefficient and ICC value of J45 were somewhat lower, with 
R=0.505 and ICC =0.501.

The correlation coefficients of the SD, SE, and J0 
results between WAM and subjective refraction were 0.994, 
0.994, and 0.963, respectively, and the ICC values were 
0.993, 0.994, and 0.963, respectively, while the correlation 
coefficient and ICC value of J45 were somewhat lower, with 
R=0.656 and ICC =0.656. Scatter plots and Bland-Altman 
scatter plots for comparison of each parameter are shown in 
Figures 5,6.

There were no statistically significant differences 
between WAM and subjective refraction after cycloplegia 

in SD, SE, J0, nor J45 results (P=0.197, P=0.595, P=0.391, 
and P=0.291, respectively). The SD, SE, and J0 results 
of TOPCON were significantly different from those of 
subjective refraction (t=−3.774, P<0.001; t=−6.158, P<0.001; 
and t=3.125, P=0.002, respectively), while the J45 results 
were not significantly different (P=0.635).

Discussion

The clinic practice of prescription in juvenile myopia 
involves subjective refraction based on static retinoscopy 
or autorefraction results after cycloplegia and the use of 
trial frames after pupil recovery. However, cycloplegia 
may cause many inconveniences to patients. Open field 
autorefractors can reduce near perceptual accommodation 
and prevent myopic overcorrection due to the simultaneous 
gaze in both eyes and the open field design. It is widely 
used as a screening method in myopic children (16) and 



Guo et al. Accuracy of autorefractor with and without cycloplegia940

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2022;11(6):933-946 | https://dx.doi.org/10.21037/tp-22-226

T
ab

le
 6

 A
 c

om
pa

ri
so

n 
of

 th
e 

re
su

lts
 m

ea
su

re
d 

by
 W

A
M

, T
O

P
C

O
N

, a
nd

 s
ub

je
ct

iv
e 

re
fr

ac
tio

n 
af

te
r 

cy
cl

op
le

gi
a

G
ro

up
S

D
 (D

)
S

E
 (D

)
J0

 (D
)

J4
5 

(D
)

x  
±

 s
95

%
 C

I
P

x  
±

 s
95

%
 C

I
P

x  
±

 s
95

%
 C

I
P

x  
±

 s
95

%
 C

I
P

W
A

M
 v
s.

 T
O

P
C

O
N

<
0.

00
1*

<
0.

00
1*

0.
26

2
0.

12
2

W
A

M
−

1.
25

0±
2.

55
6

−
1.

62
9 

to
 −

0.
87

1
−

1.
79

5±
2.

65
6

−
2.

18
9 

to
 −

1.
40

1
0.

47
5±

0.
49

4
0.

40
2 

to
 0

.5
48

−
0.

03
8±

0.
19

4
−

0.
06

6 
to

 −
0.

00
9

TO
P

C
O

N
−

1.
38

2±
2.

64
6

−
1.

77
4 

to
 −

0.
98

9
−

1.
91

9±
2.

73
3

−
2.

32
4 

to
 −

1.
51

3
0.

49
4±

0.
53

0
0.

41
5 

to
 0

.5
72

−
0.

01
8±

0.
17

9
−

0.
04

4 
to

 0
.0

09

W
A

M
 v
s.

 s
ub

je
ct

iv
e 

re
fr

ac
tio

n
0.

19
7

0.
59

5
0.

39
1

0.
29

1

W
A

M
−

1.
25

0±
2.

55
6

−
1.

62
9 

to
 −

0.
87

1
−

1.
79

5±
2.

65
6

−
2.

18
9 

to
 −

1.
40

1
0.

47
5±

0.
49

4
0.

40
2 

to
 0

.5
48

−
0.

03
8±

0.
19

4
−

0.
06

6 
to

 −
0.

00
9

S
ub

je
ct

iv
e 

re
fr

ac
tio

n
−

1.
29

7±
2.

60
8

−
1.

68
4 

to
 −

0.
91

0
−

1.
77

8±
2.

69
4

−
2.

17
7 

to
 −

1.
37

8
0.

46
0±

0.
51

8
0.

38
3 

to
 0

.5
37

−
0.

02
3±

0.
17

1
−

0.
04

9 
to

 0
.0

02

TO
P

C
O

N
 v
s.

 s
ub

je
ct

iv
e 

re
fr

ac
tio

n
<

0.
00

1*
<

0.
00

1*
0.

00
2*

0.
63

5

TO
P

C
O

N
−

1.
38

2±
2.

64
6

−
1.

77
4 

to
 −

0.
98

9
−

1.
91

9±
2.

73
3

−
2.

32
4 

to
 −

1.
51

3
0.

49
4±

0.
53

0
0.

41
5 

to
 0

.5
72

−
0.

01
8±

0.
17

9
−

0.
04

4 
to

 0
.0

09

S
ub

je
ct

iv
e 

re
fr

ac
tio

n
−

1.
29

7±
2.

60
8

−
1.

68
4 

to
 −

0.
91

0
−

1.
77

8±
2.

69
4

−
2.

17
7 

to
 −

1.
37

8
0.

46
0±

0.
51

8
0.

38
3 

to
 0

.5
37

−
0.

02
3±

0.
17

1
−

0.
04

9 
to

 0
.0

02

*P
<

0.
05

 w
as

 c
on

si
de

re
d 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t. 

S
D

, 
sp

he
ric

al
 d

io
pt

er
; 

S
E

, 
sp

he
ric

al
 e

qu
iv

al
en

ce
; 

J0
, 

th
e 

ax
ia

l 0
°/

18
0°

 r
ep

re
se

nt
in

g 
w

ith
/a

ga
in

st
 t

he
 r

ul
e 

of
 a

st
ig

m
at

is
m

; 
J4

5,
 th

e 
ax

ia
l 4

5°
/1

35
° 

re
pr

es
en

tin
g 

th
e 

ob
liq

ue
 a

xi
s 

of
 a

st
ig

m
at

is
m

; x
 ±

 s
, m

ea
n 

±
 s

ta
nd

ar
d 

de
vi

at
io

n;
 C

I, 
co

nf
id

en
ce

 in
te

rv
al

; D
, d

io
pt

er
.

accommodative response measurements (17,18). However, 
it is debatable whether the results of open field autorefractor 
are reliable enough to use directly in prescription glasses. 
This study investigated two different computerized 
autorefractors and subjective refraction before and after 
cycloplegia, so as to evaluate the accuracy and reliability 
of each method. The data herein demonstrated that the 
WAM-5500 autorefractor was more reliable than the 
TOPCON KR-3000 autorefractor, both before and after 
cycloplegia. However results of both autorefractors cannot 
completely substitute cycloplegia refraction in school-aged 
children.

The coincidence rate of WAM and TOPCON before and 
after cycloplegia showed the following: (I) the coincidence 
rate with subjective refraction was enhanced after cycloplegia, 
especially with TOPCON; and (II) the distribution of the 
difference between the two autorefractors (TOPCON-
WAM) within 0.25 D was significantly enhanced with 
cycloplegia compared to before cycloplegia in all groups. The 
above-mentioned trends are most likely caused by cycloplegia 
decreasing the accommodation and closer to the actual 
results, as suggested by previous report (5). Furthermore, 
the SD and SE results of WAM before cycloplegia were 
more reliable, which may be attributed to the binocular 
open field design being more effective at reducing the 
influence of accommodation compared to conventional 
autorefractors based on the principle of monocular fogging 
(19,20). However, the accuracy of both autorefractors require 
further improvement. The results of the cylindrical power 
and axial measurements obtained with TOPCON were more 
accurately than those measured by WAM before and after 
cycloplegia.

The ICC is  used to show consistency between 
measurements and ranges from 0 to 1. Generally, an ICC 
value <0.2 indicates poor consistency; 0.2–0.4 illustrates 
low levels of consistency; 0.4–0.6 demonstrates a moderate 
level of consistency; and 0.6–0.8 represents high levels of 
consistency. A strong degree of consistency is demonstrated 
by ICC values ranging from 0.8 to 1.0. The SD, SE, and 
J0 values of both autorefractors and subjective refraction 
had extremely high correlation (R>0.8) and agreement 
(ICC >0.8), both before and after cycloplegia. However, J45 
had significantly lower correlation and coincidence values, 
indicating a higher correlation and coincidence among the 
three different examination methods for spherical with the 
rule/against the rule astigmatism data, but poor correlation 
and coincidence for oblique astigmatism data, which were 
generally consistent with results reported by Kuo et al. (11).
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Figure 3 Scatter plots showing the relationship between the results of the two autorefractors before cycloplegia and those measured by 
subjective refraction after cycloplegia. (A) SD of WAM vs. subjective refraction; (B) SD of TOPCON vs. subjective refraction; (C) SE of 
WAM vs. subjective refraction; (D) SE of TOPCON vs. subjective refraction; (E) J0 of WAM vs. subjective refraction; (F) J0 of TOPCON 
vs. subjective refraction; (G) J45 of WAM vs. subjective refraction; and (H) J45 of TOPCON vs. subjective refraction. SD, spherical diopter; 
SE, spherical equivalence; J0, the axial 0°/180° representing with/against the rule of astigmatism; J45, the axial 45°/135° representing the 
oblique axis of astigmatism; D, diopter.
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Figure 4 Bland-Altman plots showing agreement between the two autorefractors before cycloplegia and subjective refraction after 
cycloplegia. (A) SD and SE of WAM vs. subjective refraction; (B) J0 and J45 of WAM vs. subjective refraction; (C) SD and SE of TOPCON 
vs. subjective refraction; and (D) J0 and J45 of TOPCON vs. subjective refraction. SD, spherical diopter; SE, spherical equivalence; J0, 
the axial 0°/180° representing with/against the rule of astigmatism; J45, the axial 45°/135° representing the oblique axis of astigmatism; D, 
diopter.

Previous studies have demonstrated that both WAM 
and TOPCON can be applied to visual acuity screening 
in a large Chinese population, with WAM performing 
better in school-aged children (7). Tsuneyoshi et al. (19) 
showed that WAM improved instrumental myopic shift 
more significantly than conventional autorefractors, with 
a SE difference of 0.51±0.33 D. However, this difference 
decreased with age, which was similarly reported by 
Gwiazda et al. (21). In our study, before cycloplegia, the 
SD and SE results obtained by WAM were more positive 
than those obtained by TOPCON, by 0.14 D and 0.12 D, 
respectively (t=2.578, P=0.011; t=2.329, P=0.021). These 
results suggested that WAM can relax accommodation more 
efficiently than TOPCON. However, as the difference was 
not great, it is unlikely to have any clinical significance. 
The difference in SD and SE values measured with and 
without cycloplegia by WAM was both 0.35 D, similar to 

the study of Gopalakrishnan et al. (12). Reports by Nagra  
et al. (9) and Queirós et al. (13) reported that SE differences 
measured by WAM with and without cycloplegia were 0.28 
D and 0.23 D, respectively, which were both smaller than 
the results observed in this present study. This may be due 
to their subjects being adults, with relatively less active 
accommodation compared to children.

The SD results measured by WAM and TOPCON 
before cycloplegia were both significantly more negative 
than subjective refraction post cycloplegia, with differences 
of 0.31 D and 0.45 D, respectively (t=−5.219, P<0.001; and 
t=−13.873, P<0.001, respectively). There was a similar trend 
in the SE results (t=−6.005, P<0.001; and t=−14.739, P<0.001, 
respectively). This demonstrated an inability to remove 
the influence of accommodation in both autorefractors. 
Therefore,  neither autorefractor can completely 
substitute cycloplegia refraction. This was consistent 
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Figure 5 Scatter plots showing the relationship between the refractive errors measured by two autorefractors and those measured by 
subjective refraction after cycloplegia. (A) SD of WAM vs. subjective refraction; (B) SD of TOPCON vs. subjective refraction; (C) SE of 
WAM vs. subjective refraction; (D) SE of TOPCON vs. subjective refraction; (E) J0 of WAM vs. subjective refraction; (F) J0 of TOPCON 
vs. subjective refraction; (G) J45 of WAM vs. subjective refraction; and (H) J45 of TOPCON vs. subjective refraction. SD, spherical diopter; 
SE, spherical equivalence; J0, the axial 0°/180° representing with/against the rule of astigmatism; J45, the axial 45°/135° representing the 
oblique axis of astigmatism; D, diopter.
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with the results of Kara et al. (22), with the exception 
that their subjects were mainly children aged 3–6 years.  
The age span was more fragmented and the refractive 
distribution was also relatively skewed towards myopia. 
The study by Davies and colleagues (2) reported that the 
SE difference between WAM and subjective refraction was 
0.14 D, which is lower than that in the present study. This 
may be due to the adult study population with relatively less 
active accommodation and the absence of cycloplegia in 
their study.

The SD and SE results obtained by WAM were  
0.13 D and 0.12 D more positive than those obtained by 
TOPCON after cycloplegia, respectively (t=3.672, P<0.001; 
t=3.583, P<0.001, respectively). This indicated that even 
after cycloplegia, the WAM results were still more positive 
than the TOPCON results, which was consistent with the 
report by Ying and colleagues (6). Most of the subjects in 
the latter study were African American hyperopic children 

aged 4–5 years, and the results were not compared to the 
TOPCON autorefractor but to the hand-held Retinomax 
refractor, which is inherently more myopic than table 
mounted refractors (23). There were no statistically 
significant differences between the results obtain by WAM 
and subjective refraction in SD, SE, J0, and J45 parameters 
(P=0.197, P=0.595, P=0.391, and P=0.291, respectively). 
However, the SD, SE, and J0 results obtained by TOPCON 
were significantly different from those obtained by 
subjective refraction (t=−3.774, P<0.001; t=−6.158, P<0.001; 
t=3.125, P=0.002), suggesting that even after cycloplegia, 
the results of WAM were more accurate and reliable than 
TOPCON. However, for the coincidence rate, TOPCON 
results were high than WAM after cycloplegia. It may 
because the difference standard was set as 0.50 D which 
caused some error.

There were several limitations to this study. The 
sample size was relatively small and subjects with different 
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Figure 6 Bland-Altman plots showing agreement between two autorefractors and subjective refraction after cycloplegia: (A) WAM vs. 
subjective refraction (SD and SE); (B) WAM vs. subjective refraction (J0 and J45); (C) TOPCON vs. subjective refraction (SD and SE); (D) 
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refractive status and types of astigmatism were excluded. 
With the exception of the coincidence rate, none of the 
other parameters measured classified the subjects by diopter. 
It is possible that the accuracy of the results may correlate 
with the refractive status and further studies should be 
conducted.
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