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Purpose: To evaluate the clinical availability of a multifunctional ocular biometric unit, MR-6000, for simultaneous keratom-

etry, tonometry, topography, and pachymetry evaluation, and compare anterior segment measurements with five other

devices: autokeratometer (KR-1), Scheimpflug camera (Pentacam HR), swept-source optical coherence tomography (IOLMaster

700), Placido disk scanning-slit topography (Orbscan Il), and noncontact tonometry (FT-1000).

Methods: Thirty eyes from thirty patients who visited Severance Hospital for cataract surgery were examined using MR-

6000 and the other devices. The mean keratometry, central corneal thickness (CCT), white-to-white (WTW) distance, and in-

traocular pressure (IOP) values were compared. Repeated measures analysis of variance, Wilcoxon signed-rank test, intraclass

correlation coefficient (ICC), and Bland-Altman plot were used to assess the correlation and agreement between devices.

Results: Thirty eyes of thirty patients were evaluated. Statistically significant differences in mean keratometry between MR-
6000, KR-1, Pentacam HR, and IOLMaster 700 were not observed (p > 0.05). All five devices, including Orbscan I, had almost

perfect agreement in measuring keratometry (ICC > 0.80, p < 0.05). CCT measured by MR-6000 was significantly different

from that of Pentacam HR and Orbscan Il measurements (p < 0.05) but correlated with that of Pentacam HR and Orbscan

Il measurements (ICC > 0.60, p < 0.05). The WTW distance measured by MR-6000 was not significantly different from that

measured by IOLMaster 700 but was different from that measured by Orbscan II. IOP measured by MR-6000 was not cor-

related with FT-1000.

Conclusions: Keratometric values obtained through MR-6000 can be used interchangeably with other devices based on good

correlation and agreement. However, the CCT, WTW, and IOP values were not interchangeable with a single multifunctional

unit for cataract surgery preoperative examination.
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Precise measurements of the ocular anterior segment,
including corneal refractive power, corneal thickness, and
anterior chamber depth, are important factors for cataract
and corneal refractive surgery, as well as postoperative
evaluation. In particular, accurate measurement of corneal
refractive power determines the quality of postoperative
visual acuity and is an indicator of residual refractive er-
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ror. Corneal thickness is an important factor in deciding
the surgical method when planning phakic intraocular lens
implantation and laser in situ keratomileusis. In the new
era of intraocular lens techniques and the advent of laser
refractive surgery, accurate measurements of anterior ocu-
lar biometry and considering them together are becoming
much more important. In many previous studies, repeat-
ability and accordance with preexisting devices measuring
the anterior segment have been proven; however, whether
measurements from various devices are interchangeable
remains controversial [1-4].

To measure anterior ocular biometry, Placido disk reflec-
tion, slit-scanning tomography, a rotating Scheimpflug
camera, and anterior segmental optical coherence tomog-
raphy are mainly used. Orbscan II (Bausch and Lomb,
Rochester, NY, USA) adopted a Placido disk and scan-
ning-slit topography system. With the Placido disk, assess-
ment of the corneal surface curvature is possible, and the
scanning-slit analyzes the posterior surface; hence, calcu-
lating corneal thickness is also possible [5]. Pentacam HR
(Oculus, Wetzlar, Germany), using the rotating Scheimp-
flug camera analysis system, can evaluate the entire ocular
anterior segment from the anterior corneal surface to the
posterior lens surface. With Scheimpflug tomography and
three-dimensional chamber analysis, anterior chamber
depth, pachymetry, and keratometry measurements are
possible [6,7]. When simply measuring corneal refractive
power, auto kerato-refractometers are generally used, and
one of them, KR-1 (Topcon, Tokyo, Japan), measures cor-
neal refractive power using a mirror image of the eccentric
rotation of the measurement ring in a 3-mm-diameter zone
[8]. However, preexisting auto kerato-refractometers can-
not measure ocular biometry other than simple corneal re-
fraction; therefore, measurements using other devices, as
described above, should be considered together for the pre-
operative measurement of cataract and refractive surgeries.

Previously, to measure the axial length for intraocular
lens calculation before cataract surgery, an applanation
A-scan ultrasound (US), usually a 10-MHz acoustic wave
transducer, was the standard [9]. However, due to corneal
damage as a contact biometry, inconsistent results due to
corneal indentation, and practitioner error, the develop-
ment of an optical biometer, IOLMaster (Carl Zeiss,
Oberkochen, Germany), has replaced A-scan US as the
preoperative biometry measurement for cataract surgery
[10,11]. IOLMaster 700 uses swept-source optical coherence
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tomography with 1,050-mm laser infrared light, in six scan
lines at 0°, 30°, 60°, 90°, 120°, and 150° to measure the axi-
al length, anterior chamber depth, and central corneal
thickness (CCT). With 18 reference points in the hexagonal
pattern at 1.5-, 2.4-, and 3.2-mm optical zones, the corneal
curvature can be measured [12,13].

The recently developed MR-6000 (Tomey Corp., Na-
goya, Japan) is a multifunctional anterior ocular biometric
device that can measure six different eye parameters in 90
seconds, including refraction, keratometry, topography, to-
nometry, pachymetry, and dry eye measurements. The
MR-6000 is equipped with automatic alignment of three
measurements cones, and the fast exchange of measure-
ment cones in less than 4 seconds is possible. Also, before
the measurement, the examiner can activate each measure-
ment mode selectively. Regarding refraction and keratom-
etry, using the same method as the auto kerato-refractome-
ter, MR-6000 assumes that the cornea is a convex mirror,
and an automated keratometer instantly records the size
and computes the radius of the curvature while focusing
the reflected corneal image onto an electronic photosensi-
tive device. With this method, the flat and steep meridians
(keratometric values) on the 3.0-mm diameter central cor-
nea can be acquired [14]. The relatively quick refraction
mode allows measurement of refraction values within sec-
onds, even in situations of fixation loss in the case of unco-
operative patients and children. In tonometry and pachym-
etry, with a new generation of air-cut function, the amount
of air injection is reduced, more accurate measurements
are enabled, and automated IOP correction is possible by
reflecting pachymetry values. In topography, using 16 mire
rings, an 8-mm diameter corneal area is examined, and
several map types lead to a wide range of corneal shapes
displaying opportunities. The Kerato-Asymmetry Index,
Kerato-Regularity Index, spherical equivalent, pupil size,
and white-to-white (WTW) distance can also be measured.

With the continuous development of anterior seg-
ment-measuring devices, it has become difficult to stan-
dardize the series of cataract preoperative examinations.
As an ophthalmologist, it is difficult to discern which de-
vice measurement is the most reliable and necessary. In
this situation, the release of a multifunctional ocular ante-
rior biometric device may save time and cost for both pa-
tients and doctors. This study aimed to compare the mea-
surements of the anterior segment of eyes with cataracts
through MR-6000 and other conventional devices (KR-1,
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Pentacam HR, IOLMaster 700, Orbscan II), and tonometry
(FT-1000; Tomey Corp., Tokyo, Japan) before cataract sur-
gery, and evaluate their clinical utility.

Materials and Methods

Ethics statement

This retrospective study was based on a systematic re-
view of the medical records of patients planning cataract
surgery, approved by the Institutional Review Board of
Severance Hospital (No. 2021-2460-001), and conducted in
accordance with the Declaration of Helsinki. The written
informed consent for publication of the research details
was exempted due to the retrospective study design.

Study participants and measurement process

The study included 30 eyes from 30 patients who
planned to undergo cataract surgery at Severance Hospital
and underwent preoperative examination of the anterior
segment using six devices (MR-6000, KR-1, Pentacam HR,
IOLMaster 700, Orbscan II, and FT-1000) on the same day
by a single technician at a single center between January
2021 and February 2021. Patients who had ocular condi-
tions, such as keratoconjunctival diseases, that could affect
the results; a history of intraocular or corneal surgery, such
as laser corneal refractive surgery or ocular trauma; and
those who used contact lenses within 1 week were exclud-
ed. A series of measurements were performed on the same
day by the same skilled technician. Sequentially, using
KR-1, FT-1000, MR-6000, Pentacam HR, IOLMaster 700,
and Orbscan II, anterior segmental examinations were per-
formed, and measurements were used for statistical analy-
sis. Before examination with each device, the tear film was
made uniform by blinking, and the patients were instruct-
ed to not move or blink during the examination. The tech-
nician carried out the examinations with care not to press
the eyeball. Approximately 5 minutes was needed to move
between the devices.

Measured parameters and data collection

Demographic information included age, sex, and, among
the multiple device measurements, corneal keratometry,
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steep keratometry (Ks), and flat keratometry (Kf) of the
anterior curvature. Corneal power (mean keratometry
[Km]) for the flat and steep meridians was calculated
through averaging: (Kf + Ks) / 2. Additionally, the CCT,
WTW distance, and intraocular pressure (IOP) measured
by each device were collected and compared.

Keratometry measured in diopters was calculated using
the corneal refractive index (1.3375) in all devices (MR-
6000, KR-1, Pentacam HR, IOLMaster 700, and Orbscan II).
MR-6000 could choose the radius of the corneal anterior
surface curvature from a central area (3.0 or 2.5 mm),
which was set at a 3.0-mm radius area for measurement.
KR-1, Pentacam HR, and Orbscan II measured a 3.0-mm
radius from the corneal center. Keratometric values in the
IOLMaster 700 were calculated using six light spots in a
2.5-mm radius of the corneal center.

The CCT value was used in the analysis center of the pa-
chymetry map in MR-6000 and Orbscan II, and for analyz-
ing the corneal thickness at the apex in Pentacam HR. The
WTW distance was measured as the horizontal distance
between the border of the corneal limbus using the topog-
raphy system in both MR-6000 and Orbscan II. IOP was
measured using noncontact tonometry (NCT) in both MR-
6000 and FT-1000. The IOP value measured by the MR-
6000 was collected as the CCT-corrected IOP using its own
IOP correction formula: Apressure = (554 - CCT) x 0.045.

Statistical analysis

Statistical analyses were performed using the IBM SPSS
ver. 25.0 (IBM Corp., Armonk, NY, USA). The normal dis-
tribution was evaluated using the Kolmogorov-Smirnov
test, and all measurements were tested for normality. All
statistical values are presented as the mean =+ standard de-
viation. In the paired comparison, a paired z-test was first
considered, and the Wilcoxon signed-rank test was used if
samples were not normally distributed. When comparing
more than three devices, repeated measures analysis of
variance (ANOVA) was used to compare measurements
between devices, and Bonferroni test was used for post
hoc analysis. Agreement between different devices was
evaluated using intraclass correlation coefficients (ICCs)
with 95% limits of agreement (LoAs; calculated as mean
difference + 1.96 x standard deviation of the difference)
and a Bland-Altman plot. Interdevice absolute agreement
of each measurement was assessed by calculating the ICCs



from a two-way random effect, single measurement model:
ICC (2, 1). According to the method suggested by Landis
and Koch [15], the strength of agreement was categorized
as follows: 0 as poor, 0 to 0.20 as slight, 0.21 to 0.40 as fair,
0.41 to 0.60 as moderate, 0.61 to 0.80 as substantial, and
0.81 to 1.00 as almost perfect. A p-value less than 0.05
were considered statistically significant.

Results

Thirty eyes of 30 patients (12 male and 18 female pa-
tients) scheduled for cataract surgery were evaluated. Their
mean age was 66.52 + 12.20 years (range, 38 to 83 years).

Table 1. Measurements of anterior segment parameters (n = 30)
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Of the 30 eyes, 15 were the left eye and the other 15 were
the right eye. The Km measured by the MR-6000, KR-1,
Pentacam HR, IOLMaster 700, and Orbscan II was 44.41 +
1.62, 44.31 + 1.58, 44.37 + 1.50, 44.45 + 1.54, and 45.35 +
1.87 diopters (D), respectively. The CCT was measured us-
ing the MR-6000, Pentacam HR, and Orbscan II. The
mean CCT value was 515.0 + 26.42, 523.46 + 26.02, and
530.73 + 34.61 pum, respectively. The WTW distance using
the three devices MR-6000, IOLMaster 700, and Orbscan
II was 11.46 + 0.32, 11.70 &+ 0.35, and 11.62 + 0.53 mm, re-
spectively. The mean IOP measured by the MR-6000 and
FT-1000 was 13.30 + 2.53 and 14.00 + 2.27 mmHg, respec-
tively (Table 1).

When comparing the Km among the five devices by re-

Parameter MR-6000 KR-1 Pentacam HR ~ IOLMaster 700 Orbscan II FT-1000
Kf (D) 43.92 +£1.69 43.95+1.67 44.14 + 1.57 44.03 +£1.59 44.85+1.99 -

Ks (D) 4490 £ 1.58 44.66 + 1.54 44.60 = 1.49 44.86 + 1.51 4585+ 1.75 -

Km (D) 44.41+1.62 4431 +1.58 44.37+1.50 44.45+1.54 4535+ 1.87 -

CCT (um) 515.90 +26.42 - 523.46 +£26.02 - 530.73 + 34.61 -
WTW (mm) 11.46 +0.32 - - 11.70 £ 0.35 11.62 £ 0.53 -

IOP (mmHg) 13.30 £2.53 - - - - 14.00 +2.27

Values are presented as mean + standard deviation. Measurements are made by MR-6000 (Tomey Corp., Nagoya, Japan), KR-1 (Topcon,
Tokyo, Japan), Pentacam HR (Oculus, Wetzlar, Germany), IOLMaster 700 (Carl Zeiss, Oberkochen, Germany), Orbscan II (Bausch and
Lomb, Rochester, NY, USA), and FT-1000 (Tomey Corp., Tokyo, Japan).

Kf = flat keratometry; Ks = steep keratometry; Km = mean keratometry; D = diopters; CCT = central corneal thickness; WTW = white-

to-white; IOP = intraocular pressure.

Table 2. Comparison of mean keratometric values among three devices through repeated measures ANOVA

Device Mean difference (D) 95% Limits of agreement p-value’
MR-6000 vs. KR-1 0.11 -0.016 to 0.241 0.083
MR-6000 vs. Pentacam HR 0.03 -0.98 t0 0.163 0.615
MR-6000 vs. IOLMaster 700 -0.04 -0.140 to 0.067 0.479
MR-6000 vs. Orbscan II -1.00 -1.192 to -0.420 <0.001
KR-1 vs. Pentacam HR -0.08 -0.241t0 0.016 0.231
KR-1 vs. IOLMaster 700 -0.15 -0.215 t0 0.054 0.003
KR-1 vs. Orbscan II -0.92 -0.244 to0 -0.054 <0.001
Pentacam HR vs. IOLMaster 700 -0.07 -0.198 to 0.060 0.286
Pentacam HR vs. Orbscan 11 -0.84 -1.210 to -0.466 <0.001
IOLMaster 700 vs. Orbscan 11 -0.77 -1.132 to0 -0.407 <0.001

The three devices are MR-6000 (Tomey Corp., Nagoya,

Japan), KR-1 (Topcon, Tokyo, Japan), Pentacam HR (Oculus, Wetzlar,

Germany), [OLMaster 700 (Carl Zeiss, Oberkochen, Germany), and Orbscan II (Bausch and Lomb, Rochester, NY, USA).

D = diopters; ANOVA = analysis of variance
Repeated measures ANOVA with Bonferroni correction.
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peated measures ANOVA, no statistically significant dif-
ferences were found in the measurements of the four de-
vices (MR-6000, KR-1, Pentacam HR, and IOLMaster 700;
p > 0.05), except for KR-1 and IOLMaster 700 (p = 0.03).
In particular, MR-6000 showed the smallest mean differ-
ence in comparison with Pentacam HR and IOLMaster
700 (0.03 and -0.04 D, respectively). However, comparing
Orbscan II with that of the four other devices, p-values
were below 0.001, and the mean differences with Orbscan
II were greater than -0.7 D. We found that Orbscan II tend-
ed to measure keratometric values significantly higher
than that with the other devices (Table 2). The mean differ-
ences between MR-6000 and each device ranged from
-1.00 to 0.11 D. Almost all values were within the 95% LoA
(Fig. 1A-1D).

A high correlation was observed between the five ker-
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atometry devices. All ICCs were above 0.95, except when
compared with that of Orbscan II (ICC value range, 0.844
to 0.913) (Table 3). Consistent with the result of the repeat-
ed measures ANOVA, the ICC showed an almost perfect
correlation and agreement between devices (all ICC > 0.80,
almost perfect) according to Landis and Koch’s method
[15].

The mean difference in the CCT between MR-6000 and
Pentacam HR was -7.53 pm at 95% LoA (-11.816 to -3.250).
When comparing MR-6000 with that of Orbscan 11, the
mean difference was -14.80 pm at 95% LoA (-25.046 to
-4.554), and significant differences in the CCT were ob-
served between MR-6000 and Pentacam HR and between
MR-6000 and Orbscan II (p = 0.001 and 0.006, respectively).
MR-6000 tended to measure CCT smaller than that with
the other two devices. Meanwhile, a significant difference
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Fig. 1. Agreement of mean keratometry (Km) measurement between MR-6000 (Tomey Corp., Nagoya, Japan) and other devices through
the Bland-Altman plot. The solid line indicates the mean difference, and the dotted line shows the 95% limits of agreement. Bland-Alt-
man plots that show agreements between MR-6000 and (A) KR-1 (Topcon, Tokyo, Japan), (B) Pentacam HR (Oculus, Wetzlar, Germany),
(C) IOLMaster 700 (Carl Zeiss, Oberkochen, Germany), and (D) Orbscan II (Bausch and Lomb, Rochester, NY, USA). SD = standard de-

viation.
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in the CCT was not found between Pentacam HR and Orb-
scan II (p = 0.124), with a mean difference of -7.27 um, the
smallest difference among the three devices. Comparison
of the WTW distance measured by MR-6000 was significant-
ly different from that measured by Orbscan II (p = 0.026).
However, significant differences were not found between
MR-6000 and Orbscan II and between IOLMaster 700 and

BY Kim, et al. Anterior Ocular Biometry with Multiple Devices

measurements did not satisfy the normality distribution,
and Wilcoxon signed-rank test was performed. A signifi-
cant difference between MR-6000 and FT-1000 was not
noted (p = 0.180) (Table 4).

When analyzing the correlation and agreement of CCT,
WTW distance, and IOP through the ICC (2, 1), CCT mea-
surements by MR-6000 showed substantial agreement
with that of Pentacam HR and Orbscan II measurements

Orbscan II (p = 0.050 and 0.503, respectively). The IOP

Table 3. Correlation and agreement of mean keratometric values among MR-6000 and four other devices through ICC

Variable ICC(2, 1) 95% Confidence interval p-value’

Mean keratometry (D)
MR-6000 vs. KR-1 0.988 0.974-0.994 <0.001
MR-6000 vs. Pentacam HR 0.988 0.975-0.994 <0.001
MR-6000 vs. IOLMaster 700 0.993 0.984-0.996 <0.001
MR-6000 vs. Orbscan II 0.844 0.335-0.946 <0.001
KR-1 vs. Pentacam HR 0.987 0.972-0.994 <0.001
KR-1 vs. IOLMaster 700 0.993 0.986-0.997 <0.001
KR-1 vs. Orbscan IT 0.905 0.787-0.957 <0.001
Pentacam HR vs. [OLMaster 700 0.987 0.973-0.994 <0.001
Pentacam HR vs. Orbscan 11 0.913 0.806-0.961 <0.001
IOLMaster 700 vs. Orbscan II 0.911 0.802-0.960 <0.001

ICC from two-way random effect, single measurement model. The devices are MR-6000 (Tomey Corp., Nagoya, Japan), KR-1 (Topcon,
Tokyo, Japan), Pentacam HR (Oculus, Wetzlar, Germany), IOLMaster 700 (Carl Zeiss, Oberkochen, Germany), and Orbscan II (Bausch

and Lomb, Rochester, NY, USA).
ICC = intraclass correlation coefficient; D = diopters.
ICC (2, 1).

Table 4. Comparison of central corneal thickness, white-to-white, and intraocular pressure values among devices through repeated

measures ANOVA and Wilcoxon signed-rank test

Variable Mean difference 95% Limits of agreement p-value

Central corneal thickness (um) <0.001"
MR-6000 vs. Pentacam HR -7.53 -11.816 to -3.250 0.001"
MR-6000 vs. Orbscan II -14.80 -25.046 to -4.554 0.006"
Pentacam HR vs. Orbscan II -7.27 -16.654 to 2.121 0.124"

White-to-white (mm) <0.001"
MR-6000 vs. IOLMaster 700 -0.38 -0.488 to -0.281 0.050"
MR-6000 vs. Orbscan II -0.30 -0.568 to -0.040 0.026"
IOLMaster 700 vs. Orbscan 1T 0.08 -0.165 to 0.326 0.503"

Intraocular pressure (mmHg)

MR-6000 vs. FT-1000 -0.80 -1.987 to 0.387 0.180

The compared devices are MR-6000 (Tomey Corp., Nagoya, Japan), Pentacam HR (Oculus, Wetzlar, Germany), Orbscan II (Bausch
and Lomb, Rochester, NY, USA), IOLMaster 700 (Carl Zeiss, Oberkochen, Germany), and FT-1000 (Tomey Corp., Tokyo, Japan).

ANOVA = analysis of variance

"Repeated measures ANOVA with Bonferroni correction; "Wilcoxon signed-rank test.
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(MR-6000 vs. Pentacam HR, ICC = 0.934; MR-6000 vs.
Orbscan II, ICC = 0.719; Pentacam HR vs. Orbscan II, ICC
= (.798). When measuring the WTW distance, MR-6000
and IOLMaster 700 showed good agreement (ICC = 0.812,
p < 0.001), but agreements between MR-6000 and Orbscan
IT and between IOLMaster 700 and Orbscan II were not
statistically significant (p = 0.688 and 0.395, respectively).
A significant correlation between the IOP measured by
MR-6000 and FT-1000 was not observed (ICC = 0.317,
p = 0.155) (Table 5). Significant agreements between MR-
6000 and other devices in CCT and WTW distance mea-
surements were analyzed and expressed through Bland-Al-
tman plots (Fig. 2A-2C).

Discussion

Accurate measurement of the anterior segments of the
eye is important for predicting the results before cataract
and refractive surgery and for postoperative management.
Factors that accurately predict refractive power after cata-
ract surgery include correct calculation of anterior segment
parameters, qualitative management of the intraocular
lens, and surgeons’ techniques [16,17]. Among these fac-
tors, errors that may occur during biometric measurements
can significantly influence refractive error after surgery.
Inaccurate measurement of corneal refractive power is one
of the main causes of intraocular lens calculation errors
[18]. According to Jo et al. [19], a 0.5 D error in corneal re-

Table 5. Correlation and agreement of central corneal thickness, white-to-white, and intraocular pressure by ICC

Variable ICC (2, 1) 95% Confidence interval p-value’
Central corneal thickness (um)
MR-6000 vs. Pentacam HR 0.934 0.784 t0 0.978 <0.001
MR-6000 vs. Orbscan II 0.719 0.367 to 0.870 <0.001
Pentacam HR vs. Orbscan 11 0.798 0.580 to 0.903 <0.001
White-to-white (mm)
MR-6000 vs. IOLMaster 700 0.812 -0.594 t0 0.913 <0.001
MR-6000 vs. Orbscan 1T -0.219 -1.719 to 0.453 0.688
IOLMaster 700 vs. Orbscan 1 0.102 -1.002 to 0.597 0.395
Intraocular pressure (mmHg)
MR-6000 vs. FT-1000 0.317 -0.435 10 0.675 0.155

ICC from two-way random effect, single measurement model. The compared devices are MR-6000 (Tomey Corp., Nagoya, Japan),
Pentacam HR (Oculus, Wetzlar, Germany), Orbscan II (Bausch and Lomb, Rochester, NY, USA), IOLMaster 700 (Carl Zeiss,
Oberkochen, Germany), and FT-1000 (Tomey Corp., Tokyo, Japan).

ICC = intraclass correlation coefficient.
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Fig. 2. Agreement of central corneal thickness (CCT) and white-to-white (WTW) distance measurements between MR-6000 (Tomey
Corp., Nagoya, Japan) and other devices through the Bland-Altman plot. The solid line indicates the mean difference, and the dotted line
shows the 95% limits of agreement. Bland-Altman plot that show agreement of (A) CCT measurement between MR-6000 and Pentacam
HR (Oculus, Wetzlar, Germany), (B) CCT measurement between MR-6000 and Orbscan II (Bausch and Lomb, Rochester, NY, USA),
and (C) WTW distance between MR-6000 and IOLMaster 700 (Carl Zeiss, Oberkochen, Germany). SD = standard deviation.
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fractive power can yield a £1.17 D difference in intraocular
lens calculation. Recently, anterior ocular biometrics mea-
sured by various devices, such as auto kerato-refractome-
ter, videokeratoscopy, and partial coherence interferome-
try, have been reported to be accurate and reproducible,
but the measured values are known to be slightly different
across devices. Therefore, considering the rapid develop-
ment of new devices, the evaluation of their accuracy, re-
producibility, and agreement with existing devices is very
important.

In this study, using MR-6000, a novel multifunctional
unit examining anterior segments through the combination
of topography, autokeratometry, tonometry, pachymetry,
and dry eye evaluation, we investigated whether MR-6000
could replace existing devices in measuring keratometry,
CCT, WTW distance, and IOP. In the current circum-
stance, anterior biometric measurements are performed
separately on each device, wasting time, space, and human
resources for each examination. Eventually, time extension
through a series of examinations leads to complaints re-
garding medical services, resulting in poor medical quality
and low patient satisfaction. In outpatient care settings, the
phenomenon of a patient waiting is perceived more nega-
tively than that in general waiting conditions [20]; there-
fore, reducing the waiting time can lead to meeting patient
satisfaction and improving medical quality [21]. In this re-
spect, if the accuracy and consistency of measurements
with the MR-6000 are significant compared to that of ex-
isting devices, the use of multiple devices can be replaced
with a single device, saving time during examinations, and
elevating the quality of medical services.

The results showed that the Km measured by the MR-
6000 was not statistically different from the Km measured
by the KR-1, Pentacam HR, and IOLMaster 700. MR-6000
had an almost perfect agreement with KR-1, Pentacam
HR, IOLMaster 700, and Orbscan II in measuring Km.
However, a relatively weak agreement was observed when
compared to that of Orbscan II. Orbscan II tends to mea-
sure a larger keratometric value than that with the other
devices. Consistent with our study, according to Han et al.
[22], comparing keratometry measured using an auto kera-
to-refractometer (KR-7100; Topcon), IOLMaster, and Orb-
scan II, Km was found to be greater with Orbscan II than
that with IOLMaster or an autokeratometer. Whang et al.
[23] compared keratometric values obtained using a manu-
al keratometer (OM-4; Topcon), autokeratometer (RK-5;
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Canon, Tokyo, Japan), Orbscan II (Bausch and Lomb Sur-
gical, Munich, Germany), IOLMaster (Carl Zeiss, Jena,
Germany), and Pentacam HR (Oculus, Dudenhofen,
Germany). Among them, the mean keratometric values
measured by Orbscan II showed a greater mean absolute
error. In another previous study, Kim and Chung [24] re-
ported that the corneal curvature difference was less than
0.82 D, when compared with that of an autorefractor (RK-
F1, Canon), IOLMaster, and Orbscan II, and repeatability
values did not significantly differ among devices. In our
study, significant differences in Km among devices were
not found except with Orbscan II, and intraclass correla-
tion and the Bland-Altman plot showed great agreement
among the devices, including Orbscan II. The tendency of
Orbscan II to measure greater corneal refractive power
than that with the others was similarly observed in previ-
ous studies [25-27]. The consistent measurement of corneal
curvature with Orbscan 1II is probably due to the different
measuring systems used in the Placido disk scanning-slit
system and the relatively longer measuring time of Orb-
scan II. The acquisition time of Orbscan II is longer than
that of the other devices, which prevented patients from
blinking and may result in an unstable tear film and false
corneal irregularity [28].

The CCT measured by Pentacam HR tended to be thick-
er than that measured by Orbscan II in previous studies
[29-31]. Meanwhile, some studies have reported that the
CCT was thicker when measured with Orbscan II than that
with Pentacam HR [32,33]. In this study, corneal thickness
was as follows, in descending order: Orbscan II, Pentacam
HR, and MR-6000. Youn et al. [34] also reported that the
Scheimpflug camera AL-scan (Nidek, Gamagori, Japan)
tended to measure thicker than that with the Pentacam,
with a difference of 5 to 6 um on average, which may not
be clinically meaningful. Likewise, in our study, CCT was
significantly different between the MR-6000 and other de-
vices. On comparing MR-6000 with Pentacam HR, the
mean difference was -7.53 pm. Despite a significant p-val-
ue, the ICC showed an almost perfect agreement (ICC =
0.934). Considering both statistical results, clinical agree-
ment existed between MR-6000 and Pentacam HR. MR-
6000, Pentacam HR, and Orbscan II measured corneal
thickness using light reflected from the posterior and ante-
rior corneal surfaces. However, because this mechanism is
not considered to be the most precise for measuring corne-
al thickness, and thus far, the standard for measuring cor-
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neal thickness is US pachymetry [35]; a limitation in this
study is that the comparison was performed excluding
measurement by US pachymetry.

WTW distance is an important factor in determining the
size of the posterior chamber phakic intraocular lens and is
used to refer to the horizontal distance of the ciliary sulcus
[36,37]. Previous studies comparing the WTW distance
measured by various devices found that the WTW distance
measured by Orbscan II was smaller than that measured
by IOLMaster [38,39]. Oh et al. [40] reported that the
WTW distance measured by Orbscan II was not correlated
with the WTW distance measured by 35-mHz ultrasound
biomicroscopy (UBM). In this study, the WTW distance
measured by MR-6000 showed a significant difference
with that measured by Orbscan II, but not IOLMaster 700.
In the ICC analysis, MR-6000 and IOLMaster 700 also
showed almost perfect agreement (ICC = 0.812, p < 0.001).
The WTW distance measured by MR-6000 is interchange-
able with IOLMaster 700, but not with Orbscan II. The
reason that the WTW value varies depending on the device
may be because image processing varies with the device
used [41]. The WTW distance was calculated as the value
between the limbal area lying in the white sclera and the
darker iris image. When using this principle, the interfer-
ence of contours by eyelashes, eyelids, nose, and illumi-
nance during the examination also influences the measure-
ment. Considering that the actual relationship between the
horizontal distance of the ciliary sulcus and WTW dis-
tance is controversial [42,43], and previous studies have re-
ported inconsistent measurements of the WTW distance
not by UBM but by topography or caliper, follow-up stud-
ies are needed to investigate the correlation between the
WTW distance measured by other topography devices or
UBM and the actual horizontal ciliary sulcus.

In the comparison of IOP measurements between MR-
6000 and FT-1000, neither sample followed a normal dis-
tribution. Nonparametric Wilcoxon signed-rank test was
performed, and a statistical difference was not observed
between the IOP measured by MR-6000 and FT-1000.
However, the distribution itself did not satisfy normality,
and there was no ICC between them. Both devices use the
concept of NCT based on the Imbert-Fick law. A pneumat-
ic applanation tonometer measures the IOP without touch-
ing the eye. NCT decreases infection risk and is free from
the mechanical influence of the cornea compared with
Goldmann applanation tonometry (GAT) but is more sus-

346

ceptible to the effects of CCT than those of GAT [44,45].
This study did not prove any correlation between MR-
6000 and the existing NCT, which may be because small
populations are out of normal distribution, and because it
is compared with NCT not with GAT, which is the gold
standard for clinical IOP measurement. Since MR-6000
can obtain corrected IOP reflecting CCT measured by pa-
chymetry, further studies comparing IOP by MR-6000
with GAT are needed.

To our knowledge, this is the first study to compare a
new multifunctional anterior biometric unit with six exist-
ing devices. In the analysis of keratometry, CCT, WTW
distance, and IOP, only keratometry using MR-6000 was
interchangeable with the four other devices: KR-1, Penta-
cam HR, IOLMaster 700, and Orbscan II. CCT measured
by MR-6000 was clinically interchangeable with Pentacam
HR to some degree, but not with Orbscan II. The WTW
distance measured by MR-6000 could be replaced with the
WTW distance measured by IOLMaster 700, but not with
that measured by Orbscan II. The IOP is not interchange-
able with MR-6000 through the existing NCT device (FT-
1000).

This study had a few limitations owing to its retrospec-
tive design. First, the number of study participants was rel-
atively small, and only adult patients who were 38 to 83
years of age and had cataracts were included. The study
did not reflect the severity of cataracts, and adaptation of
the results to adults younger than 38 years and children is
not convincing. However, with normality tests and based
on the assumption of normality that if the sample is based
on 30 or more observations, the sample distribution of the
mean can be safely assumed to be normal [46], correlation
and agreement analyses are possible, and these are statisti-
cally reliable. Second, due to the retrospective nature of
the study, we could not include gold standard measure-
ments, such as WTW distance measured by UBM and IOP
measured by GAT. Third, we attempted to determine the
correlation and agreement of MR-6000 with other devices;
however, estimating the reproducibility of MR-6000 was
not included in this study. In addition, although we recom-
mended patients to blink before each measurement and set
the identical condition before measurement, we could not
exclude the factors such as dryness or erosion of cornea
that may occur during the series of measurements and af-
fect results.

The results of this study showed that even the newly de-



veloped multifunctional unit could not replace different
devices, including topography, tonometry, and pachyme-
try, but showed great consistency in keratometry. Although
it is not suitable to substitute MR-6000 for other devices in
cataract preoperative examinations, MR-6000 has
strengths in measuring multiple parameters at once. Con-
sidering that MR-6000 also equips dry eye evaluation,
which was excluded in this study, MR-6000 may be uti-
lized in ocular surface diseases during initial clinic visits
for rapid screening with offering information of major oc-
ular segment biometry. The strength of the MR-6000,
which enables to get various accurate details in once by
single device, will contribute to saving time and space
with high cost-effectiveness. Further studies on other cate-
gories, such as patients with dry eye or patients planning
refractive surgery, and the usefulness of MR-6000 as the
first multifunctional unit of anterior ocular biometry can
be reevaluated. Based on this retrospective cross-sectional
study, futures studies also need to be mapped out prospec-
tively to provide the information about cost-effectiveness
and efficacy.
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