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K; 43.85 ± 1.21, 44.00 ± 1.19, 43.94 ± 1.20, and CD; 
11.90 ± 0.34, 12.11 ± 0.38, 11.96 ± 0.31, respec-
tively; p < 0.05). ICC and Bland–Altman plot analy-
sis revealed a high correlation between the three 
devices in AL, steep K, flat K, mean K, and CD 
measurements.
Conclusion  There was a quite good agreement 
between the MYAH, Pentacam AXL, and IOLMas-
ter 700 devices regarding AL and anterior segment 
parameters. MYAH provides reliable measurements 
and will be a good option in the diagnosis of and fol-
low-up with myopic children.

Keywords  Myopia · Axial length · Optical low 
coherence interferometry · Myah

Introduction

High myopia, which is a preventable cause of sight 
loss, is a risk factor for potentially sight-threatening 
ocular disorders such as retinal detachment, myopic 
macular degeneration, and glaucoma [1, 2]. Myopic 
progression is basically linked to an increase in axial 
length (AL) [3]. In 2017, Tideman et al. defined per-
centile curves to estimate myopic progression accord-
ing to patient age and AL. Thus, with these reference 
curves, children can be compared with other children 
of the same age, and early treatments can be started 
in children with AL values higher than expected for 
their age group [4].

Abstract 
Purpose  To compare the difference and agreement 
of axial length (AL) and anterior segment param-
eters obtained from the MYAH device with Pentacam 
AXL and IOLMaster 700 in myopic children.
Methods  The study included 60 eyes of 60 myopic 
children. AL, keratometry (K), and horizontal cor-
neal diameter (CD) were measured with Pentacam 
AXL, IOLMaster 700, and MYAH, respectively. The 
Friedman test was used to assess the differences. The 
Intraclass Correlation Coefficient (ICC) and Bland–
Altman plots were used to assess the consistency of 
measurements.
Results  The mean age was 10.2 ± 1.8  years 
(7–16  years). No statistically significant difference 
was determined between the Pentacam AXL, IOL-
Master 700, and MYAH devices in terms of mean 
AL values (23.61 ± 1.42, 23.62 ± 1.45, 23.61 ± 1.42, 
respectively) (p = 0.06). The difference between 
devices in the mean steep K, flat K, mean K, and CD 
was statistically significant but clinically insignificant 
(steep K; 44.45 ± 1.25, 44.59 ± 1.23, 44.51 ± 1.24, 
flat K; 43.29 ± 1.28, 43.43 ± 1.29, 43.35 ± 1.30, mean 

H. Sabur (*) 
Department of Ophthalmology, University of Health 
Sciences, Dıskapı Yıldırım Beyazıt Training and Research 
Hospital, Ankara, Turkey
e-mail: dr_hurisabur@hotmail.com

O. Takes 
Kaskaloglu Eye Hospital, Izmir, Turkey

http://orcid.org/0000-0002-3071-6240
http://orcid.org/0000-0002-9006-2410
http://crossmark.crossref.org/dialog/?doi=10.1007/s10792-022-02444-w&domain=pdf


476	 Int Ophthalmol (2023) 43:475–482

1 3
Vol:. (1234567890)

The newly developed MYAH (Topcon EU, Visia 
Imaging, Japan) device measures AL with the opti-
cal low coherence interferometry (OLCI) principle, 
and progression analysis can be made with the benefit 
of the Tideman percentile curves integrated into the 
device. Furthermore, with the integral Placido disk 
topography, data can be provided about the corneal 
curvature, aberrations, and ectatic diseases such as 
keratoconus, which can also cause myopic progres-
sion [A].

A number of devices on the market have proven 
their reliability in measuring the AL and keratomet-
ric (K) values. These devices include the IOLMaster 
500 (Carl Zeiss Meditec AG, Germany), which works 
with the partial coherence interferometry (PCI) prin-
ciple, the IOLMaster 700 (Carl Zeiss Meditec AG, 
Germany), which works with the swept-source optic 
coherence tomography (SS-OCT) principle, the Pen-
tacam AXL (Oculus Optikgerate GmbH, Germany), 
which works with the Scheimpflug camera and the 
PCI principle, the Lenstar (Haag-Streit AG, Swit-
zerland), which works with optical low coherence 
reflectometry (OLCR), and the Aladdin (Topcon 
EU, Visia Imaging, Japan) device, similar to MYAH, 
which works with optical low coherence interferom-
etry (OLCI) principle [5]. It is critical to compare 
the MYAH device’s measurements to those of other 
devices to determine whether they can be used inter-
changeably in clinical practice.

This study aimed to compare the difference and 
agreement of AL and anterior segment parameters 
obtained from the MYAH device with Pentacam 
AXL and IOLMaster 700 in myopic children.

Methods

This retrospective comparative study included 60 
eyes of 60 myopic children aged 7–16 years who pre-
sented for a routine ophthalmological examination at 
our clinic between October 2021 and December 2021. 
Some of the children were newly diagnosed, and 
some were under follow-up. All had spherical equiva-
lent values in the range of −0.50 and −6.00 diopters 
(D). To prevent double organ bias, only the right eyes 
were included. Eyes were excluded from the study if 
there was any other ocular disease such as strabismus, 
corneal scarring, retinal disease, degenerative myo-
pia, or a history of ocular trauma or surgery. Approval 

for the study was granted by the local ethics commit-
tee, and all procedures were applied in compliance 
with the principles of the Declaration of Helsinki. 
Written informed consent was obtained from the par-
ents or legal guardians of all the children participat-
ing in the study.

All cases underwent a detailed ophthalmological 
examination, including visual acuity, slit-lamp biomi-
croscopy, fundoscopy, and cycloplegic refraction.

Instruments and measurements

All the measurements were taken by the same doc-
tor in a darkened room before the ophthalmological 
examination. Each subject was positioned with the 
chin and forehead placed in the device brackets and 
was then instructed to fixate on the light. The AL, 
steep K, flat K, mean K, and CD values were obtained 
using Pentacam AXL, IOLMaster 700, and MYAH 
devices. Each measurement was taken three times, 
and the average value was included in the analyses.

Pentacam AXL

The Pentacam AXL is a device that works with both 
the Scheimpflug camera and PCI principle. The AL 
measurement is performed in the range of 14–40 mm 
using PCI at 780  nm wavelength. Both the anterior 
and posterior curvatures of the cornea are evaluated 
with the Scheimpflug camera, and 100 images can be 
obtained in 2 s.

IOLMaster 700

The IOLMaster 700 is a device that was designed 
mainly for biometry and works with the principle of 
SS-OCT at 1050 nm wavelength. With OCT imaging 
of the fovea centralis, the AL is measured from the 
actual visual axis. K measurements are taken on 19 
reference points, and both the anterior and posterior 
curvatures of the cornea can be evaluated.

MYAH

The MYAH device is a compact device designed to 
evaluate the AL measurement with OLCI, the cor-
neal curvature with Placido disk topography, pupil-
lometry, and dry eye assessment. Myopic progression 
is analyzed with the Tideman curves integrated into 
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the device. The AL measurement is performed in the 
range of 15–38 mm using a superluminescent 830 nm 
diode laser. K measurements are performed with the 
evaluation of 24 Placido rings reflected from the ante-
rior corneal curvature.

Statistical analysis

Data analysis was made by SPSS Statistics (ver-
sion 28.0, IBM Corporation, Armonk, NY, USA). 
Descriptive statistics were shown as mean ± standard 
deviation, median, minimum, and maximum values. 
While the Friedman test was used to analyze the dif-
ference between measurements, the agreement of 
the measurements was evaluated using the ICC and 
Bland–Altman plots.

Results

The study included 60 children (32 males and 
28 females) with a mean age of 10.2 ± 1.8  years 

(7–16 years) and a mean spherical equivalent value of 
−1.55D (−0.75 to −6.00 D).

The mean AL values were measured as 
23.61 ± 1.42 mm (21.74–28.22 mm) for the Pentacam 
AXL, 23.62 ± 1.45 mm (21.77 to 28.23 mm) for the 
IOLMaster 700, and 23.61 ± 1.42 mm (21.76–28.22) 
for the MYAH. The mean difference in AL was 
−0.01 ± 0.03  mm between the Pentacam AXL and 
IOLMaster 700, −0.01 ± 0.01  mm between the 
Pentacam AXL and MYAH, and 0.01 ± 0.02  mm 
between the IOLMaster and MYAH. No statisti-
cally significant difference was obtained between the 
devices regarding the AL measurements (p = 0.06). 
In addition, a significantly strong agreement was 
determined between the three devices with the ICC 
and Bland–Altman plots [r = 0.999 (0.999–1.00)] 
(Table 1) (Fig. 1).

The mean steep K values were 44.45 ± 1.25 D 
(42.20–46.50 D) for the Pentacam AXL, 44.59 ± 1.23 
D (42.23–46.55 D) for the IOLMaster 700, and 
44.51 ± 1.24 D (42.27–46.60 D) for the MYAH. 
The mean difference in steep K was −0.14 ± 0.02 

Table 1   Comparison of AL and anterior segment parameters between 3 instruments

AL Axial length, K:Keratometry, CD Horizontal corneal diameter, CI Confidence interval, F Friedman (Wilcoxon test), ICC Intra 
Class Correlation

Pentacam IOLMaster MYAH p-value(difference) r (%95 CI)p-value(consistency)

AL (mm)
mean ± SD 23.61 ± 1.42 23.62 ± 1.45 23.61 ± 1.42 0.06F r = 0.999 (0.999–1.00)
Median 23.24 23.26 23.22 p = 0.00 ICC

min–max 21.74–28.22 21.77–28.23 21.76–28.22
Steep K(D)
mean ± SD 44.45 ± 1.25 44.59 ± 1.23 44.51 ± 1.24 0.00F r = 0.985(0.973–0.992)
Median 44.60 44.59 44.65 p = 0.00 ICC

min–max 42.20–46.50 42.23–46.55 42.27–46.60
Flat K (D)
mean ± SD 43.29 ± 1.28 43.43 ± 1.29 43.35 ± 1.30 0.00 F r = 0.983(0.969–0.991)
Median 42.90 43.21 43.13 p = 0.00 ICC

min–max 41.10–46.00 41.22–46.23 41.09–46.07
Meank (D)
mean ± SD 43.85 ± 1.21 44.00 ± 1.19 43.94 ± 1.20 0.00F r = 0.989(0.981–0.994)
median 43.80 43.71 43.68 p = 0.00 ICC

min–max 42.00–46.20 42.08–46.33 41.97–46.10
CD (mm)
Mean ± SD 11.90 ± 0.34 12.11 ± 0.38 11.96 ± 0.31 0.00F r = 0.900(0.830–0.945)
Median 11.90 12.10 11.97 p = 0.00 ICC

Min–max 11.1–12.6 11.4–12.8 11.2–12.6
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D between the Pentacam AXL and IOLMaster 700, 
−0.06 ± 0.01 D between the Pentacam AXL and 
MYAH, and 0.08 ± 0.01 D between the IOLMas-
ter and MYAH. In terms of steep K readings, a sig-
nificant difference was noted between the devices 
(p = 0.00). However, a significantly strong agree-
ment was also determined between the three devices 
with the ICC and Bland–Altman plots [r = 0.985 
(0.973–0.992)] (Table 1) (Fig. 2).

The mean flat K values were measured as 
43.29 ± 1.28 D (41.10–46.00 D) for the Pentacam 
AXL, 43.43 ± 1.29 D (41.22–46.23 D) for the IOL-
Master 700, and 43.35 ± 1.30 D (41.09–46.07 D) 
for the MYAH. The mean difference in flat K was 
−0.14 ± 0.01 D between the Pentacam AXL and 
IOLMaster 700, −0.06 ± 0.02 D between the Pen-
tacam AXL and MYAH, and 0.08 ± 0.01 D between 
the IOLMaster and MYAH. In terms of flat K read-
ings, a significant difference was noted between 
the devices  (p = 0.00). However, a significantly 

strong agreement was also determined between the 
three devices with the ICC and Bland–Altman plots 
[r = 0.983 (0.969–0.991)] (Table 1) (Fig. 3).

The mean K values were 43.85 ± 1.21 D 
(42.00–46.20 D) for the Pentacam AXL, 44.00 ± 1.19 
D (42.08–46.23 D) for the IOLMaster 700, and 
43.94 ± 1.20 D (41.97–46.10 D) for the MYAH. The 
mean difference in  mean K value was −0.15 ± 0.02 
D between the Pentacam AXL and IOLMaster 700, 
−0.09 ± 0.01 D between the Pentacam AXL and 
MYAH, and 0.06 ± 0.01 D between the IOLMas-
ter and MYAH. A significant difference was noted 
between the devices regarding mean K readings (p = 
0.00). However, a significantly strong agreement was 
also obtained between the three devices with the ICC 
and Bland–Altman plots [r = 0.989 (0.981–0.994)] 
(Table 1) (Fig. 4).

The mean CD values were measured as 
11.90 ± 0.34  mm (11.1–12.6  mm) for the Pen-
tacam AXL, 12.11 ± 0.38  mm (11.4 to 12.8  mm) 

Fig. 1   Bland–Altman plots of AL measurements, with dotted lines showing the mean and 95% confidence intervals

Fig. 2   Bland–Altman plots for steep K measurements, with dotted lines showing the mean and 95% confidence intervals
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for the IOLMaster 700, and 11.96 ± 0.31  mm 
(11.2–12.6 mm) for the MYAH. The difference in the 
mean CD value was −0.21 ± 0.04  mm between the 
Pentacam AXL and IOLMaster 700, 0.07 ± 0.03 mm 
between the Pentacam AXL and MYAH, and 
0.15 ± 0.07 mm between the IOLMaster and MYAH. 
In terms of mean CD measurements, a significant dif-
ference was noted between the devices  (p = 0.00). 
However, a significantly strong agreement was also 
determined between the three devices with the ICC 
and Bland–Altman plots [r = 0.900 (0.830–0.945)] 
(Table 1) (Fig. 5).

Discussion

In this study, the MYAH device, which has been 
newly developed mainly for myopic progression, was 
compared with the Pentacam AXL and IOLMaster 

700 devices in terms of the differences and agree-
ments of AL and anterior segment parameters.

Myopia has been a growing public health 
issue since the onset of the COVID-19 pandemic. 
High myopia is defined as myopia > −6.0 D and 
AL ≥ 26  mm [6]. It generally starts in childhood 
(< 10  years) and progresses rapidly in adolescence 
[7]. Therefore, identifying the early progression of 
myopia is of great importance for clinicians to take 
precautions to halt progression. In 2017, Tideman 
et al. defined the AL percentile curves used to moni-
tor children with progressive myopia. By comparing 
the AL of children with that of other children of the 
same age, clinicians can determine cases that could 
have abnormal progression even at the time of diag-
nosis [4].

Several devices on the market have proven them-
selves for measuring AL. One of the most recent 
devices is the MYAH. It uses the OLCI principle to 

Fig. 3   Bland–Altman plots for flat K measurements, with dotted lines showing the mean and 95% confidence intervals

Fig. 4   Bland–Altman plots for mean K measurements, with dotted lines showing the mean and 95% confidence intervals
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measure AL, but the other two devices it was com-
pared to utilize a different principle (Pentacam AXL: 
PCI, IOLMaster 700: SS-OCT). Knowing whether 
the measurements made by these devices are compa-
rable and whether they can be used interchangeably 
in clinical practice is critical for patient follow-up. 
Although there are studies that have evaluated the 
differences and consistencies of the measurements of 
the Pentacam AXL and IOLMaster 700 devices, no 
previous comparison has been made with the MYAH 
and other devices. However, as the MYAH employs 
a similar measurement principle (OLCI) to the Alad-
din device manufactured by the same company, stud-
ies conducted using the Aladdin device may provide 
insight on this issue.

In our study, the difference in AL measurements 
between the three devices was 0.01 mm, which was 
not statistically significant (p = 0.06). Furthermore, 
the three devices revealed a high level of agree-
ment. In a previous study by Shajari et al., the differ-
ence in AL measurements between the IOLMaster 
700 (SS-OCT) and Pentacam AXL (PCI) devices 
was −0.019  mm, with no statistically significant 
difference (p = 0.06) [8]. In another study that com-
pared the Aladdin (OLCI) and IOLMaster 500 
(PCI) devices, the AL difference was determined as 
0.01 mm, which was also not statistically significant 
(p = 0.07) [9]. In addition, comparable measurements 
have been determined by the IOLMaster 700 (SS-
OCT) and Aladdin (OLCI) devices (AL difference: 
−0.003, p = 0.648) [10]. In terms of consistency, AL 
measurements revealed good agreement with the 
aforementioned devices [8–10]. In contrast to these 
results, several studies have also reported that the AL 

measurements obtained with these three devices are 
statistically significantly different. However, the dif-
ferences still were not clinically significant [11–14]. 
Based on these results, it can be said that these 
devices can be used interchangeably for AL measure-
ment in clinical practice.

In addition to AL, K measurements are required 
for the diagnosis of and follow-up with myopia. 
Although a statistically significant but clinically 
insignificant difference was determined between 
the K measurements of the three devices (steep K: 
0.06–0.14 D, flat K: 0.06–0.14 D, mean K: 0.06–0.15 
D), a high level of agreement was obtained between 
the measurements in our study. In a study, the IOL-
Master 700 (SS-OCT) and Pentacam AXL (PCI, 
Scheimplug camera) devices revealed comparable 
results for flat K and steep K measurements (a dif-
ference in flat K of −0.007 D and steep K of −0.020 
D, respectively) [8]. In another study that compared 
devices working with the OLCI and PCI principles, 
flat K values were found to be similar (difference: 
0.06D), while the steep K (difference: 0.20 D) and 
mean K (difference: 0.14) values were statistically 
significantly different [9]. In addition, mean K values 
(difference: 0.06 and 0.02, respectively) were similar 
in two other studies conducted with devices operat-
ing with the SS-OCT and OLCI principles [10, 15]. 
However, studies also reported statistically significant 
K differences [12, 13]. It was known that a 1 D differ-
ence in K could result in a 1.40 D difference in IOL 
power [11, 16]. Additionally, another study stated that 
devices with a measurement difference of more than 
0.14 D of K should not be used interchangeably for 
IOL power calculation [17]. However, there is no data 

Fig. 5   Bland–Altman plots for CD measurements, with dotted lines showing the mean and 95% confidence intervals
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about the acceptable difference limit of K for using 
devices interchangeably in myopic progression analy-
sis. The maximum K difference in our study was 0.15 
D, and we thought that this measurement difference 
was not clinically significant enough to affect the fol-
low-up of myopic patients.

Regarding CD measurements, the differences 
between the devices were statistically significant. 
However, as for the other measurements, the ICC and 
Bland–Altman plot analysis showed strong agree-
ment between the measurements. There are few stud-
ies in the literature that have compared CD meas-
urements. It was found that the devices using the 
SS-OCT principle measure the CD larger than the 
Scheimplug camera does. Therefore, it was advised 
that they should not be used interchangeably [11, 18, 
19]. However, in our study, although the difference 
in CD between Pentacam AXL and IOLMaster 700 
(−0.21  mm) was higher than the others, there was 
still quite good agreement. In a study that compared 
PCI and SS-OCT data in myopic young people, the 
CD measurements were also statistically different 
[20]. This problem was thought to be caused by the 
various analysis techniques used to detect the location 
of the limbus, such as LED sources (IOLMaster 700) 
or corneal topography (Pentacam AXL, MYAH).

There are several limitations to our study. Firstly, 
it was conducted retrospectively. Secondly, the sam-
ple size was limited, and no follow-up examinations 
were scheduled. In addition, degenerative myopic 
patients were not included in the study. Further pro-
spective comparative studies with a larger sample 
size are required to determine the devices’ reliability, 
particularly in degenerative myopia. Additionally, 
prospective studies should be conducted to determine 
the device’s efficacy in monitoring myopic progres-
sion and functionality of the integrated AL percentile 
curves.

In conclusion, our study is the first to compare the 
MYAH device with Pentacam AXL and IOLMaster 
700 devices in terms of AL and anterior segment 
parameters in myopic children. No difference was 
determined between the MYAH and the other devices 
regarding AL, which is the most important param-
eter in the analysis of myopic progression. The high 
degree of agreement in all parameters demonstrated 
that MYAH is a reliable instrument. We believe that 
the MYAH device will be useful for the early diagno-
sis of children at high risk of developing myopia and 

monitoring myopic progression during the pandemic 
era.
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