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Abstract
Purpose: To evaluate the accuracy of axial length, keratometry, and refractive measurement with Myopia Master in ametropic
children.

Methods: In this randomized prospective cross-sectional study, 125 children with ametropia (250 eyes) were recruited (55 boys
and 70 girls; age range: 3–15 years). All examinations were performed under full cycloplegic conditions. Measurements of axial
length (AL), keratometry, and autorefraction acquired with the Myopia Master were compared with those from the IOLMaster
500, IOLMaster 700, Nidek ARK-1, and manifest refraction. The differences between the different methods were analyzed, and
their correlation was assessed by interclass correlation coe�cients (ICCs), Bland-Altman plot, and correlation test.

Results: The ALs (mm) measured with Myopia Master, IOLMaster 500, and IOLMaster 700 were 23.67 ± 1.26, 23.68 ± 1.26, and
23.70 ± 1.25, respectively. The mean values and standard deviations for AL and keratometry readings from these devices were
similar (P ≥ 0.059). The ICC analysis also revealed high consistency between the measurements (ICC ≥ 0.943). Additionally, the
correlation coe�cients were relatively high (r > 0.9, p < 0.001). Although the results of refraction obtained with the Myopia
Master were slightly higher than those with manifest refraction (P ≤ 0.024), the agreement between these two measurements
was excellent (ICC ≥ 0.858). The percentage of points outside the limits of agreements was < 5.22% in Bland-Altman plots for
all analyses.

Conclusions: Myopia Master could be a highly e�cient tool for clinical use as a three-in-one system (AL, keratometry, and
refractive measurements) for screening in children with ametropia.

Introduction
Myopia has reached epidemic levels worldwide in recent years, and its prevalence is continuing to increase rapidly. A previous
study shows that more than 12.8 million adolescents aged 5 to 15 years have myopia worldwide, with the highest prevalence in
Southeast and East Asia.1 The early onset of myopia increases the possibility of developing high myopia in adult life, possibly
leading to cataract, glaucoma, retinal detachment, and ultimately, severe visual impairment.

Axial length (AL), the most important ocular parameter associated with myopia,2 increases during childhood and adolescence
and tends to be stable in adults. The corneal radius of curvature (CR) and spherical equivalent (SE) are two additional
indispensable parameters for evaluating myopia. Children, unlike adults, cooperate inadequately with ocular measurements;
therefore, they need to be examined with more e�cient and accurate equipment. In the past few years, acquiring these ocular
parameters with simplicity and e�ciency in children has been a continuous focusing point. Additionally, the ability to identify
children at high risk of myopia in the early years enables the application of preventative treatments.

Myopia Master (Oculus Optikgeräte GmbH, Wetzlar, Germany) is a relatively new ocular measurement platform that combines
AL, CR, and auto-refraction. Myopia Master also provides the estimated SE percentile curve based on ethnicity, age, sex, AL,
auto-refraction, and other essential information. However, to the best of our knowledge, no previous studies investigated the
accuracy of Myopia Master in acquiring these ocular parameters in children.

Recently, some optical biometry instruments (e.g., IOLMaster 500, IOLMaster 700 [both Carl Zeiss AG, Oberkochen, Germany])
have been widely used to measure AL and CR.3 Nidek ARK-1 (Nidek Co., Aichi, Japan) is an autorefractor/keratometer platform
that combines autorefraction and keratometry.4 Previous studies demonstrated that all these instruments have high accuracy in
measurements, and are valuable tools in clinical applications.

The current study aimed to determine the accuracy of AL, CR, and SE measurements using Myopia Master and assessing the
agreement between Myopia Master measurements and those of IOLMaster 500, IOLMaster 700, and Nidek ARK-1.

Patients And Methods
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Patients
The study protocol was approved by the Ethics Committee of Fudan University Eye (2020022) and the ENT Hospital Review
Board and followed the tenets of the Declaration of Helsinki. Written informed consent was obtained from parents prior to
participation in the study.

In this randomized cross-sectional study, 125 patients (55 boys and 70 girls, age range: 3–15 years, 250 eyes) were enrolled at
the Eye & ENT Hospital of Fudan University, China, in April 2021. The inclusion criteria were (1) children with ametropia between
3 and 15 years of age and (2) no history of contact lens use. The exclusion criteria were as follows: (1) previous corneal or
intraocular surgery, (2) in�ammation of the eye or other ocular diseases, (3) systemic diseases, and (4) contraindications for
cycloplegic examination.

Measurements
For cycloplegia, �ve eye drops of 1% tropicamide in total were administered to each eye, at 0, 5, 10, 15, and 20 minutes. Pupil
dilation and light re�ex were veri�ed 20 minutes after the last drop. Full cycloplegia was assumed if the light re�ex was absent.
Two well-trained ophthalmologists and one senior optometrist performed all examinations.

The Myopia Master provides integrated measurements of AL, CR, autorefraction, and estimated SE percentile curve, estimating
the risk of myopia in adulthood. It was operated by one ophthalmologist for all patients; the subject was instructed to place their
chin on the chin rest and �xate on the target light. The device could measure the AL six times, the CR three times, and
autorefraction once in a single session. All results were displayed on the same interface and could be extracted directly.

Another ophthalmologist, blinded to the previous results, measured the ocular parameters using the IOLMaster 500, IOLMaster
700, and Nidek ARK-1. The AL was obtained using the IOLMaster 500 and IOLMaster 700 and the CR using IOLMaster 700 and
Nidek ARK-1. The autorefractive error was measured using Nidek ARK-1. Finally, one optometrist measured the manifest
refraction using a phoropter (RT-5100, Nidek).

For each device, six measurements with a quality control assessment ≥ 7/9 were accepted per eye and then averaged to obtain
the �nal result.

Statistical analysis
All statistical analyses were performed using the SPSS software (version 25.0; IBM, Armonk, NY, USA). Descriptive results are
presented as mean and standard deviation (SD). The Shapiro-Wilk normality test and the test for homogeneity of variances
were performed for all data. Normally distributed data were compared using the paired t-test; non-normally distributed data with
the Wilcoxon test. The correlations between datasets were calculated with the interclass correlation coe�cients (ICCs); a value 
< 0.4 indicates low consistency, between 0.4 and 0.7 moderate, > 0.7 high consistency.5 The agreement between devices was
evaluated using the Bland-Altman method, with 95% limits of agreement (LoA) referring to the mean ± 1.96 SD. The Pearson’s
correlation test was used to investigate the association between variables. Statistical signi�cance was set at P < 0.05.

Results
All patients completed the examinations successfully, and the total data loss for all types was < 5%. Table 1 presents an
overview of optical and biometric parameters in two different groups according to gender.
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Table 1
Axial length (AL), Corneal radius of curvature (CR) and

Spherical Equivalent (SE) By Myopia Master in two
different groups according to different genders.

  Male Female P-value

Age 8.27 ± 2.68

(3,15)

8.31 ± 2.20

(3,12)

0.95

AL (mm) 24.02 ± 1.20

(21.35,26.86)

23.39 ± 1.23

(20.50,26.74)

< 0.001

CR (mm) 7.85 ± 0.23

(7.25,8.64)

7.73 ± 0.24

(7.25,8.62)

< 0.001

AL/CR 3.06 ± 0.14

(2.66,3.40)

3.03 ± 0.15

(2.56,3.38)

0.07

SE (D) -1.45 ± 1.79

(-6.00,5.13)

-1.27 ± 2.35

(-8.63,6.75)

0.50

Axial Length
Tables 2 shows the AL results obtained with the Myopia Master, IOLMaster 700, and IOLMaster 500; the correlation coe�cients
between them were high (all r > 0.999, p < 0.001; Fig. 1A-C). Signi�cantly longer AL were found in male patients than in female
patients (24.02 ± 1.20 mm vs. 23.39 ± 1.23 mm, P < 0.001; Table 1). The mean differences between AL readings with these
devices were 0.01 (IOLMaster 700 and IOLMaster 500), 0.02 (IOLMaster 700 and Myopia Master), and 0.01 mm (IOLMaster 500
and Myopia Master), respectively. The corresponding LoA were (− 0.07, 0.09), (− 0.07, 0.12), and (− 0.09, 0.12), respectively. The
percentages of points outside the LoA were 2.41%, 5.22%, and 4% in Bland-Altman plots (Fig. 2A-C). The ICC analysis showed
high consistency between the measurements (Table 2).
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Table 2
The comparison of axial lengths (AL) between Myopia master, IOLMaster 700 and IOLMaster 500.

Device Mean ± SD (min,max) Compared
test

(p value)

Correlation test ICC Difference
of

the means

95% LOA

r P Lower Upper

Myopia
master

23.67 ± 
1.26(20.50,26.86)

0.741 all

0.999

all

< 
0.001

0.999

(0.998,0.999)

0.02 -0.07 0.12

IOL Master
700

23.70 ± 
1.25(20.49,26.89)

Myopia
master

as above 0.908 0.999

(0.999,0.999)

0.01 -0.09 0.12

IOL Master
500

23.68 ± 
1.26(20.52,26.85)

IOL Master
700

as above 0.819 0.999

(0.999,1)

0.01 -0.07 0.09

IOL Master
500

as above

SD: standard deviation, ICC (A, 1): intraclass correlation coe�ciens (inter-rater reliability, two-way random effect model),
LOA: limit of agreements.

Corneal Radius of Curvature
The detailed information of the CR results obtained with the Myopia Master, IOLMaster 700, and ARK-1 are displayed in Table 3;
the correlation coe�cients were high (all r > 0.946, P < 0.001; Fig. 1D-F). Signi�cantly �atter CR values were found in male
patients than in female patients (7.85 ± 0.23 mm vs. 7.73 ± 0.24 mm, P < 0.001; Table 1). The mean differences between CR
readings from these devices were 0 (IOLMaster 700 and ARK-1), 0.02 (IOLMaster 700 and Myopia Master), and 0.02 mm (ARK-1
and Myopia Master), respectively. The corresponding LoA were (− 0.13, 0.14), (− 0.06, 0.12), and (− 0.13, 0.17), respectively. The
percentages of points outside the LoA were 3.84%, 4.64%, and 3.30% in Bland-Altman plots (Fig. 2D-F). The ICC analysis
showed high consistency between the measurements (Table 3).
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Table 3
The comparison of corneal radius of curvatures (CR) between Myopia master, IOLMaster 700 and ARK-1.

  Device Mean ± SD
(min,max)

Compared
test

(p value)

Correlation
test

ICC Difference
of

the
means

95% LOA

r P Lower Upper

K-�at

(mm)

Myopia
master

7.89 ± 
0.26(7.39,8.88)

0.944 0.988 all

< 
0.001

0.994

(0.992,0.995)

0 -0.07 0.08

IOLMaster
700

7.88 ± 0.26(7.28,
8.88)

Myopia
master

as above 0.986 0.957 0.978

(0.972,0.983)

0 -0.15 0.15

ARK-1 7.89 ± 
0.26(7.38,8.88)

IOLMaster
700

as above 0.912 0.953 0.976

(0.969,0.981)

0.07 -0.15 0.16

ARK-1 as above

K-
steep

(mm)

Myopia
master

7.68 ± 0.25(7.11,
8.54)

0.059 0.951 0.974

(0.966,0.980)

0.04 -0.11 0.19

IOLMaster
700

7.64 ± 0.23(7.09,
8.24)

Myopia
master

as above 0.136 0.901 0.947

(0.932,0.959)

0.04 -0.17 0.27

ARK-1 7.64 ± 
0.24(7.03,8.28)

IOLMaster
700

as above 0.691 0.919 0.958

(0.945,0.967)

0 -0.19 0.19

ARK-1 as above

K-
mean

(mm)

Myopia
master

7.78 ± 0.24(7.25,
8.64)

0.364 0.982 0.977

(0.958,0.986)

0.02 -0.06 0.12

IOLMaster
700

7.76 ± 0.24(7.22,
8.54)

Myopia
master

as above 0.494 0.946 0.943

(0.923,0.957)

0.02 -0.13 0.17

ARK-1 7.76 ± 
0.24(7.20,8.56)

IOLMaster
700

as above 0.819 0.959 0.959

(0.947,0.968)

0 -0.13 0.14

ARK-1 as above

SD: standard deviation, ICC (A, 1): intraclass correlation coe�ciens (inter-rater reliability, two-way random effect model),
LOA: limit of agreements.

Spherical Equivalent
Tables 4 shows the SE results obtained with the Myopia Master, manifest refraction, and ARK-1; the correlation coe�cients were
high (all r > 0.920, p < 0.001; Fig. 1G-I). No signi�cantly different SE values were found between male and female patients (− 
1.45 ± 1.79 D vs. −1.27 ± 2.35 D, P = 0.50; Table 1). The mean differences between CR readings with these devices were 0.06
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(manifest refraction and ARK-1), 0.47 (manifest refraction and Myopia Master), and 0.40 (ARK-1 and Myopia Master),
respectively. The corresponding LoA were (− 1.12, 1.24), (− 0.77, 1.71), and (− 0.36, 1.16), respectively. The percentages of points
outside the LoA were 2.87%, 2.46%, and 4.13% in Bland-Altman plots (Fig. 2G-I). The ICC analysis showed high consistency
between the measurements (Table 4).
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Table 4
The comparison of refraction spherical, refraction cylinder and refraction equivalent between Myopia master, ARK-1 and

manifest refraction.
  Device Mean ± SD

(min,max)
Compared
test

(p value)

Correlation
test

ICC Difference
of

the
means

95% LOA

r P Lower Upper

Spherical
Refraction

Myopia
master

-0.95 ± 
2.13(-8.00,7.75)

0.01 0.954 all

< 
0.001

0.976

(0.970,0.982)

0.36 -0.91 1.63

Manifest
refraction

-0.57 ± 
2.16(-7.75,8.00)

Myopia
master

as above 0.016 0.988 0.994

(0.992,0.995)

0.37 -0.29 1.04

ARK-1 -0.57 ± 
2.16(-7.50,8.50)

Manifest
refraction

as above 0.901 0.953 0.976

(0.969,0.981)

-0.01 -1.30 1.28

ARK-1 as above

Cylindrical
Refraction

Myopia
master

-0.79 ± 
0.71(-4.50,0)

0.002 0.748 0.858

(0.817,0.890)

0.17 -0.76 1.11

Manifest
refraction

-0.6 ± 
0.63(-3.50,0)

Myopia
master

as above 0.375 0.852 0.933

(0.914,0.948)

0.05 -0.63 0.73

ARK-1 -0.73 ± 
0.68(-4.00,0)

Manifest
refraction

as above 0.024 0.812 0.908

(0.881,0.928)

0.13 -0.61 0.86

ARK-1 as above

Spherical
Equivalent

Myopia
master

-1.35 ± 
2.12(-8.63,6.75)

0.001 0.960 0.939

(0.799,0.972)

0.47 -0.77 1.71

Manifest
refraction

-0.86 ± 
2.11(-8.50,7.13)

Myopia
master

as above 0.008 0.984 0.968

(0.768,0.989)

0.40 -0.36 1.16

ARK-1 -0.93 ± 
2.13(-8.38,7.38)

Manifest
refraction

as above 0.646 0.960 0.959

(0.947,0.968)

0.06 -1.12 1.24

ARK-1 as above

Values with statistical signi�cance are shown in bold.

SD: standard deviation, ICC (A, 1): intraclass correlation coe�cients (inter-rater reliability, two-way random effect model),
LOA: limit of agreements.

Discussion
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Detecting refractive parameters, such as AL and CR, quickly and accurately in children with ametropia is critical. This pilot study
is the �rst to assess the accuracy of Myopia Master in evaluating axial length, keratometry, and refractive measurement in
children.

In this study, the AL measured with Myopia Master showed a signi�cant correlation and near-perfect consistency with the other
two instruments. Previously, IOLMaster 500 was considered the standard method for AL measurements, adopting the principle
of partial coherence interferometry (PCI), with its high precision due to ultrasonic biometric measurement.6, 7 An infrared light
with a wavelength of 760 µm is the light source to measure the optical path length from the anterior surface of the cornea to the
retinal pigment epithelium and obtain the AL readings.8, 9 Based on the principle of swept-source optical coherence tomography
(SS-OCT), IOLMaster 700 uses a laser with a wavelength and bandwidth of 1050 nm and 20 nm, respectively, to scan the optical
cross-section images at different depths, visualizing the longitudinal sections of the eye structures.10 Therefore, a higher
acquisition rate and a reduced risk of inaccurate measurement due to incorrect �xation can be obtained with this method by
imaging the fovea of the macula.10, 11 PCI is also used in Myopia Master with an 880 nm wavelength. The high consistency
between IOLMaster 700 and IOLMaster 500 has been con�rmed by previous studies.12, 13 The mean differences between the AL
measured with the three systems were minimal, with no signi�cant difference or clinical signi�cance, and the corresponding
deviation of diopter could be ignored.13 Therefore, the Myopia Master can accurately measure the AL in ametropic children.

The CR measured with Myopia Master also showed a signi�cant correlation and near-perfect consistency with the other two
instruments. The CR results obtained with Myopia Master showed no statistically signi�cant or clinical difference from the other
two instruments. IOLMaster 700 measures the CR in 18 points in three hexagons (1.5 mm, 2.4 mm, and 3.2 mm) from the
center.14 The mire ring is used in ARK-1 to measure the CR, calculating the mean-weighted power of points on the eight rings 3
mm from the center.15 Previous studies have proven that the CR readings using IOLMaster 700 could be used as standard data
and regarded as a control, as in the current study.16 The difference between the Myopia Master and the other two devices could
be partially explained by the large �uctuation of the K value measured with PCI. Shammas and Chan evaluated the keratometry
measured with a PCI device in 121 eyes and reported a 95% LoA range between − 0.55 and + 0.52 D, suggesting that the
precision needs to be improved in particularly steep corneas.6 According to these research �ndings, we suppose that the Myopia
Master could accurately measure the CR in most typical conditions. However, in special cases, such as eyes with steep corneas,
adjustments could be needed for CR evaluations.

There was a signi�cant difference in SE measurements between Myopia Master and ARK-1 or manifest refraction; signi�cant
differences were also noticed in cylinder measurements (Myopia Master vs. manifest refraction and ARK-1 vs. manifest
refraction). No statistically signi�cant differences were found in the spherical and SE measurements between ARK-1 and
manifest refraction. The results of our study are consistent with previous �ndings.4 As the consistency between Myopia Master
and manifest refraction is adequate, monitoring parameters with Myopia Master could help acquire more accurate results in
clinical practice. Thus, the correlation and consistency between the three systems showed they can be interchangeable, and the
SE measured with the Myopia Master is also feasible for clinical application.

There were some limitations in the present study. First, the sample size was relatively small; further studies using larger
databases are warranted to provide more information and detailed results at different ages. Second, the selected population
was children with ametropia, and adults were not included for comparative analysis. The consistency between the conventional
measurements and Myopia Master in adults needs to be veri�ed.

In conclusion, Myopia Master, as an integrated three-in-one system for AL, CR and SE measurement, can provide multiple
biometrical parameters in a single assessment with high e�ciency and accuracy.
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Figures

Figure 1

Linear regression analysis of axial length, corneal radius of curvature and spherical equivalent between Myopia Master,
IOLMaster 700, IOLMaster 500, Nidek ARK-1, and manifest refraction.

A-C: Linear regression of AL between IOLMaster 700, IOLMaster 500, and Myopia Master; D-F: Linear regression of CR between
IOLMaster 700, ARK-1, and Myopia Master; G-I: Linear regression of SE between IOLMaster 700, IOLMaster 500, and Myopia
Master. AL: Axial Length; CR: Corneal radius of curvature; SE: Spherical Equivalent; ARK: Auto Ref/Keratometer.

Figure 2

Bland-Altman plots between the measurements acquired by Myopia Master (MM) and the other instruments; the upper and
lower dashed lines represent the 95% limits of agreement.

A-C: Bland-Altman plots of AL between IOLMaster 700, IOLMaster 500, and Myopia Master; D-F: Bland-Altman plots of CR
between IOLMaster 700, ARK-1, and Myopia Master; G-I: Bland-Altman plots of SE between ARK-1, manifest refraction, and
Myopia Master. AL: Axial Length; CR: Corneal radius of curvature; SE: Spherical Equivalent; ARK: Auto Ref/Keratometer.


