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Evaluation and comparison of a novel Scheimpflug-based
optical biometer with standard partial coherence interferometry
for biometry and intraocular lens power calculation
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Abstract. In the present study, the axial length (AL), corneal
curvature, anterior chamber depth (ACD) and white-to-white
(WTW) distance were assessed using the Pentacam AXL
(Oculus Optikgeraete GmbH), a novel Scheimpflug-based
optical biometer with standard partial coherence interferometry
(PCI). The Pentacam AXL and PCI biometer (IOLMaster 500;
Carl Zeiss AG) were compared in terms of their intraocular lens
(IOL) power calculations. The medical records of patients (eyes,
n=190) who underwent cataract surgery were retrospectively
reviewed. Biometry measurements involved the eyes of patients
with cataract and were performed by the same examiner with
the Pentacam AXL biometer and the IOLMaster 500 device.
Following determination of the AL, mean keratometry (Km),
ACD and WTW distance, the IOL power calculation was
compared between the two devices using the Sanders, Retzlaff
and Kraff theoretical (SRK/T) and Haigis formulas. The AL,
Km and WTW values for the Pentacam AXL group were
significantly lower compared with those of the IOLMaster 500
group. The difference was -0.02+0.04 mm, -0.20+0.28 D
and -0.10+£0.20 mm, respectively (P<0.001). The ACD for
the Pentacam AXL group was higher compared with that of
the IOLMaster 500 group with a difference of 0.02+0.13 mm
(P=0.13). The IOL power calculated using the SRK/T and
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Haigis formulas exhibited significant differences between
the two devices (t=11.48 and 10.97, respectively; P<0.001). In
conclusion, the AL, ACD, WTW measurement and IOL power
indicated optimal agreement and strong correlations between
the two devices. However, constant optimization may be
necessary for the novel biometer Pentacam AXL.

Introduction

The advancement of modern technology has enabled the
improvement in the quality of vision in numerous patients.
In certain cases, cataract surgery, which is a form of refrac-
tive surgery, has also been performed. Patients have higher
expectations for accurate refractive outcomes and conse-
quently, biometry measurement and intraocular lens (IOL)
power calculations have become increasingly important in
ophthalmic practice (1). Multiple methods of measuring biom-
etry data have been used to calculate the IOL power required
for implantation. Ultrasound biometry, including indirect
infiltration and direct contact measurement, has been widely
used for several decades (2). The IOLMaster (Carl Zeiss AG)
is the first optical biometry device based on partial coherence
interferometry (PCI), which was introduced for the first time
in 1999. It has the advantages of being a noncontact technique
and objectively determining biometry measurements without
the risk of infection and indentation. Therefore, it is considered
the gold standard for biometry measurement and IOL power
calculations (3).

The Pentacam AXL is a novel device for biometry
that has the advantages of the Pentacam HR (both from
OCULUS Optikgeraete GmbH). In addition, it contains a
Scheimpflug-based anterior segment topographer and may
be used to perform PCI-based axial length (AL) measure-
ments (4). The device measures a range of biometry data,
including anterior and posterior corneal curvature, topography,
pachymetry, corneal and pupillary diameter, anterior chamber
depth (ACD), lens density and AL. It also provides formulas
for the calculation of the IOL power. The major difference
between the Pentacam AXL and the IOL Master is that the
anterior segment parameters measured by the Pentacam AXL
are based on a Scheimpflug image (5).
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Due to this difference, it is essential to evaluate the accu-
racy of the data generated by this novel biometry device before
it becomes widely available for preoperative cataract examina-
tion. Thus, the purpose of the present study was to evaluate
the AL, mean keratometry (Km), ACD and white-to-white
(WTW) measurements of the Pentacam AXL biometer. In this
investigation, the Pentacam AXL was considered the novel
biometer and the IOLMaster 500 was the reference biometer.
Furthermore, the accuracy of IOL power calculations was
assessed using the Sanders, Retzlaff and Kraff theoretical
(SRK/T) and Haigis formulas.

Subjects and methods

Subjects. The present prospective study was performed
at the Department of Ophthalmology of Beijing Tongren
Hospital, Capital Medical University (Beijing, China). A
total of 190 patients scheduled for cataract surgery between
October 2018 and February 2019 were included in the present
study. The study was performed in accordance with the guide-
lines of the Declaration of Helsinki and was approved by the
ethics committee of Beijing Tongren Hospital, Capital Medical
University (Beijing, China; approval no. TRECKY?2018-049).
Each patient was informed of the procedures involved and
provided the relevant written informed consent.

The following inclusion criteria were used: i) Patients who
underwent cataract surgery; ii) patients with good fixation; and
iii) inclusion of one eye in the case of bilateral cataracts. The
following exclusion criteria were used: i) Patients with any
ocular diseases other than cataracts (corneal disease, glau-
coma and vitreous or retinal disease); ii) patients with severe
ocular trauma and a history of any type of ocular surgeries that
may affect outcomes; iii) patients with unobtainable ocular
biometric values due to severe posterior capsular opacity; and
iv) patients with unreliable data, such as a signal-to-noise ratio
<2.0 for either device. Following screening of the patients
according to the aforementioned exclusion criteria, data from
190 eyes (91 right and 99 left) of 190 patients (87 males,
103 females) were extracted. The mean age of the patients
was 64.44+11.03 years (range, 35-88 years). Preoperatively, all
patients underwent routine ophthalmological examinations,
including the determination of visual acuity and intraocular
pressure, as well as anterior slit-lamp biomicroscopy and
ocular ultrasonography for the observation of the posterior
segment.

Biometers and measurements. The I0LMaster 500 is
based on PCI and has been regarded as the standard optical
biometer (3). The biometer was used to measure the AL by a
PCI method, which involved a multimode laser and detection
at 780 mm. Keratometry was performed by projecting six
green spots onto the central 2.3-mm length of the cornea. The
ACD was measured using lateral slit illumination. The WTW
was measured using a light-emitting diode (LED) light source
according to the configuration of the iris (6).

The Pentacam AXL combines an optical biometer and a
Scheimpflug-based anterior segment topographer. The device
uses a high-resolution rotating Scheimpflug camera and blue
LED with a wavelength of 475 nm to illuminate the cornea,
which enables the capture of 138,000 data points in <2 sec (7).

It offers a three-dimensional model of the anterior segment,
including the corneal curvature of the anterior and posterior
corneal surfaces, elevation maps and pachymetry maps. The
keratometry readings used for routine IOL power calculations
were from a 15-degree ring centered at the apex of the cornea.
Similar to a standard IOLMaster 500, this setting provides an
AL measurement based on PCI.

The same examiner (ZW) performed the biometry
measurements in all patients using standardized condi-
tions (7). The patient was instructed to look at the fixation
light in the device while the measurements were performed.
The patients were allowed to blink during each capture. All
processes were completed within 15 min. Pentacam AXL
scans were included that fulfilled the quality specification
‘OK’ for analysis.

The parameters AL, Km, ACD and WTW were recorded.
Corneal curvature data were converted to corneal power using
a standard refractive index of 1.3375. For both devices, ACD
was defined as the distance from the corneal epithelium to the
anterior lens capsule on the optical axis. Subsequently, the IOL
power was calculated using the SRK/T and Haigis formulas
on the devices' software. The Acrys of SN6OWF IOL (Alcon)
was used as the model IOL. The SRK/T A constant was esti-
mated to 119.0, whereas the Haigis constants had the following
values: a,=-0.769, a,=0.234 and a,=0.217. These parameters
were optimized from the User Group for Laser Interference
Biometry (ULIB) (8).

Statistical analysis. Statistical analysis was performed using
SPSS version 22.0 (IBM Corp.) and MedCalc (version 16.2;
MedCalc Software, Ltd.). Values are expressed as the
mean + SD. The normality of the distribution of data was
evaluated using the Kolmogorov-Smirnov test. The paired
t-test was used to compare the mean values of the parameters
obtained using the two biometers. Bland-Altman analysis
was used to assess the agreement between the two devices by
plotting the differences between measured and average values.
The 95% limits of agreement (LoA) were also calculated using
the mean difference of £1.96 SD. The Pearson correlation
coefficient r was calculated to evaluate the correlations among
all optical parameters and an r of >0.6 was considered to indi-
cate a high correlation. A scattergram was drawn to perform a
linear regression analysis. P<0.05 was considered to indicate a
statistically significant difference.

Results

Biometry data. Table I indicates the range of the biometric
parameters and the IOL power calculations to reach
emmetropia as measured with the Pentacam AXL and the
IOLMaster 500. The AL, Km and WTW values measured
using the Pentacam AXL were significantly lower compared
with those determined with the IOLMaster 500. The corre-
sponding differences were -0.02+0.04 mm, -0.20+0.28 D and
-0.10+0.20 mm, respectively. All of the aforementioned differ-
ences were significant (t=-7.55, -10.02 and -6.79, respectively;
P<0.001; Table II). Although the ACD in the Pentacam AXL
group was higher compared with that in the IOLMaster 500
group, the differences noted (0.02+0.13 mm) were not signifi-
cant (t=1.51, P=0.13; Table II).
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Table I. Parameters of AL, Km, ACD, WTW distance and IOL power obtained with the Pentacam AXL and IOLMaster 500.
Pentacam AXL IOLMaster 500

Parameter Mean + SD Total range Mean + SD Range
AL (mm) 23.51+1.18 20.62,27.31 23.53+1.18 20.61,27.29
Km (D) 43.98+1.60 40.30,49.00 44.18+1.61 40.51,48.46
ACD (mm) 3.09+0.41 1.73,4.04 3.07+0.40 2.02,3.98
WTW (mm) 11.35+0.41 10.10, 12.50 11.44+0.40 10.34, 12.61
IOL power (D)

SRK-T 20.80+3.24 10.31,29.10 20.52+3.23 10.02,28.22

Haigis 20.81+£3.25 10.52,28.59 2047+£3.24 10.21,27.59

AL, axial length; ACD, anterior chamber depth; WTW, white-to-white; Km, keratometry; IOL, intraocular lens; SRK/T, Sanders, Retzlaff and
Kraff theoretical; SD, standard deviation.

Table II. Mean and SD of the difference between the two biometers, P-value from paired t-test, 95% LoA and correlation

coefficient r of the parameters.

95% LoA

Parameter Mean + SD t value P-value Lower Upper Correlation coefficient r
AL (mm) -0.02+0.04 -7.55 <0.01 -0.11 0.06 0.99
Km (D) -0.20+0.28 -10.02 <0.01 -0.74 0.33 0.98
ACD (mm) 0.02+0.13 1.51 0.13 -0.25 0.28 0.95
WTW distance (mm) -0.10+0.20 -6.79 <0.01 -0.49 0.30 0.88
IOL power (D)

SRK-T 0.28+0.32 1148 <0.01 -0.34 0.90 0.99

Haigis 0.34+0.40 10.97 <0.01 -0.44 1.12 0.99

AL, axial length; ACD, anterior chamber depth; WTW, white-to-white; Km, keratometry; IOL, intraocular lens; SD, standard deviation;
SRK/T, Sanders, Retzlaff and Kraff theoretical; LoA, limits of agreement.

Association analysis. Bland-Altman analysis was used to
evaluate the association between the results obtained with the
two devices. Table II indicates the differences in the param-
eters estimated (mean + SD), the results of the paired t-test,
the 95% LoA and the correlation coefficients between the
measurements performed by the two devices. The 95% LoA
range was -0.11 to 0.06 mm for the AL, -0.74 to 0.33 mm for
the Km, -0.25 to 0.28 mm for the ACD and -0.49 to 0.39 mm
for the WTW distance. The Bland-Altman plots are provided
in Fig. 1. The data indicated that all parameters measured
using the Pentacam AXL and IOLMaster 500 were in good
agreement.

Correlation analysis. The highest correlation coefficient
was noted for the AL parameter (r=0.99), whereas the WTW
exhibited the lowest correlation between the two biometers
(r=0.88). All differences were significant (P<0.001). The
scattergrams and linear regression equations are presented in
Fig. 2. It was indicated that there was a significant correlation
between the two biometers.

IOL power calculation. Significant differences were noted
between the two devices regarding the IOL powers to calcu-
late emmetropia (SRK/T and Haigis formulas; t=11.48, 10.97,
respectively; P<0.01). The IOL power calculated for the
Pentacam AXL was higher than that of the IOLMaster 500 and
the difference determined was 0.28+0.32 and 0.34+0.40 D,
respectively. Bland-Altman analysis indicated that the 95%
LoA range was -0.34 to 0.90 D for SRK/T and -0.44 to 1.12 D
for Haigis (Table II; Fig. 1). The linear correlation between the
IOL powers obtained by the two devices is presented in Fig. 2
(r=0.99; P<0.001).

Discussion

Modern cataract surgery is not only used for visual
rehabilitation but has also become a form of refractive
surgery. Several factors affect visual results following
cataract surgery. The most important criteria are accurate
ocular biometry measurements and precise IOL power
calculations (1). Several biometric instruments in current



4 WANG et al: PENTACAM AXL FOR LENS POWER CALCULATION

Axial length
0.2F
<
= DAF
E 196 5D
E 0.06
2 oof ° ¢ oan
= O 002
8
o N -1.96 50
5 0.1 = P
£
[=]
-0.2F o R
o
-0.3 ul 1 1 1 1 1
20 22 24 26 28 30
Mean AL (mm)
Anterior chamber depth
07F
—~ 05F
E
E
8 0.3 - oo B 2 Rogy-0 e “”05;
O,
< o8 [} Oogo 00080%30 ‘?go °
S 01F & owp -] 0©
2 o8 9%, :g%ﬁ %ooo 0000 Mean
c o @, . a0 oo
S 01t ®o &’W
§ ° hd CDOOO a0 ° -1.98 S0
-0.3F ° = ° 025
-05h 1 1 1 1 I I

15 2.0 2.5 3.0 35 4.0 4.5
Mean ACD (mm)

SRK/T IOL power

20F
o 15F
2 10f +19850
2 N 060
1 | o
o] 0.5 o oo
c “ 028
o 00F°
§ =198 50
5 05 0
=
O 4ot
-15 =l 1 1 1 1 1
10 15 20 25 30 35

Mean IOL power (D)

Mean keratometry

10F
o o
05 ¢
8 +1.96 SD
= 033
E
x 0.0
£ Meoan
8 020
505
& -196 50
E 074
-10F o o
-1.5 -l 1 1 1 1 1
40 42 44 46 48 50
Mean Km (D)
White to white
0.8F
0.6 o
— r o -]
E 04 - ° . +19650
= 0.3
= 02r o
£ oof ° 0o a@%@%{g%&gw o o e
= o2l o %0 o b o 0.10
§ o © Q%Q-a 0 o o o 00
g —0_4:. O 19650
£ el 049
o 06 o o C-!
0.8}
t o
1.0h 1 1 1 1 1 1

10.0 10.5 11.0 115 12.0 12.5 13.0
Mean WTW (mm)

Haigis 10L power

20F
o 15F
g +1.96 SD
UBJ 1.0 ) 112
=]
a o
= o
o] 0.5 - Moo
- 034
® 00F°
e 19650
g 0.5 F 044
£
O 4ot o ® °
-1.5 - 1 1 1 1 L
10 15 20 25 30 35

Mean I0OL power (D)

Figure 1. Bland-Altman plots indicating agreement in the parameters AL, Km, ACD, WTW distance and IOL power as calculated with the SRK/T and Haigis
formulas between the Pentacam AXL and IOLMaster 500. The mean difference is represented by the solid line and the 95% LoA is represented by the dotted
lines. AL, axial length; Km, mean keratometry; ACD, anterior chamber depth; WTW, white-to-white; IOL, intraocular lens; LoA, limits of agreement; SD,

standard deviation; SRK/T, Sanders, Retzlaff and Kraff theoretical.

use are based on different technologies, such as PCI, optical
low-coherence reflectometry (9) and swept-source optical
coherence tomography (10). The IOLMaster 500, which is the
most widely used device and has been proven to be accurate
and repeatable, is based on PCI. This device has served as a
benchmark for biometry in various studies (11).

The Pentacam AXL is a novel optical biometer. It combines
Scheimpflug imaging for anterior segment tomography with
the PCI method for AL measurement. Although AL measure-
ment is based on the same system as that of the IOLMaster 500,
anterior segment parameter measurements using the Pentacam
AXL are considerably different. Therefore, the efficacy of the
novel device to provide reliable measurements and its ability

to be used interchangeably must be assessed. The novel device
was reported to exhibit optimal repeatability in an earlier
study (5). In the present study, the major biometric parameters
determined with the two different instruments, Pentacam
AXL and IOLMaster, were compared, including AL, Km,
ACD, WTW distance and the IOL power, the latter of which
was calculated using the SRK/T and Haigis formulas.

The novel Scheimpflug device provided slightly lower AL
values than the standard PCI device and the average difference
was -0.02 mm. A similar difference was noted in a previous
study, which indicated that the mean difference between the
two biometers for AL was -0.026 mm (12). In the present
study, the difference was small but significant. The different
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Figure 2. Scattergram of AL, Km, ACD, WTW distance and IOL power as calculated with the SRK/T and Haigis formula compared between the Pentacam
AXL and IOLMaster 500. SRK/T, Sanders, Retzlaff and Kraff theoretical; AL, axial length; Km, mean keratometry; ACD, anterior chamber depth; WTW,

white-to-white; IOL, intraocular lens.

internal calibrations between the two devices may have led to
this result. Furthermore, the correlation in AL between the two
devices was high (r=0.99). The Bland-Altman plots indicated
optimal agreement with 95% LoA from -0.11 to 0.06 mm for
AL. A 1-mm difference in the AL value of a normal eye may
result in a ~2.7 D difference in the IOL power calculation with
the SRK-T formula (13). The aforementioned 95% LoA would
result in a difference (-0.30 to 0.16 D) that is not clinically
relevant.

One major limitation of optical biometry is the failure
to measure the AL for dense or posterior subcapsular cata-
racts (14). The light may penetrate the refractive interstitium,
which is limited to a specific opacity. In a previous study, the
failure rate was estimated to be 35-38% with an IOLMaster (15).
In the present study, the parameter AL was measured using the
same PCI technology. However, the failure rate was signifi-

cantly higher for the novel Scheimpflug biometry than that
noted for the standard PCI device. This may be attributed to
the composite software in the IOLMaster that was used as an
attempt to improve the failure rate (16). Accordingly, subse-
quent versions of the Scheimpflug device may require further
improvement and upgrades.

In the present study, the novel Scheimpflug biometer
measured significantly lower Km values than those determined
with the standard PCI biometer. The mean difference was esti-
mated at -0.20 D, with a 95% LoA of -0.74 and 0.33 D. The wide
LoA indicated that the Km determined with the Scheimpflug
and the PCI device may not be used interchangeably. This may
be attributed to the different methods used by each device to
measure the corneal curvature (17). A Scheimpflug device
measures K values by analyzing 25,000 true elevation data-
points for the cornea. The simulated K values used for the IOL
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power calculation were derived from a 15-degree ring centered
on the corneal apex. By contrast, the standard PCI biometer
used a distance-independent telocentric keratometry system
that projected six green spots onto the cornea within a 2.3-mm
radius.

In clinical practice, certain differences between K values
are equalized by adjusting an appropriate IOL formula
constant (18). Ozyol and Ozyol (19) suggested that a Km
difference >0.14 D between two devices requires a different
optimization constant for [OL power calculation compared
with those provided by ULIB. Therefore, constant optimiza-
tion may be necessary for the novel Scheimpflug biometer to
minimize the differences noted from the standard PCI biom-
eter device (20). From the formula for IOL power calculation,
it may be observed that there is no linear correlation between
AL, Km, ACD, WTW distance and IOL power. Therefore, the
effects of parameter changes on different patients are different.
For instance, if the eye axis changes by 1 mm, the change of
the IOL power is greater for patients with a short axis than for
those with a long axis. Therefore, there is no clear and unified
definition of a reasonable LoA in the clinic. Thus, this part does
not appear in the methods but only in the discussion section.

The present results indicated that the difference in the ACD
measured by the two devices was not significant. The ACD
parameter obtained using the Pentacam AXL was slightly
higher than that measured with the IOLMaster 500. The mean
difference was 0.02 mm and the 95% LoA range was estimated
as -0.25 to 0.28 mm. As previously reported, the preoperative
ACD change of 0.2 mm caused a difference of ~0.1 D in IOL
power (21) and the aforementioned difference was too small
to represent a significant change. Furthermore, the correlation
with ACD indicated no clinically relevant deviation between
the two devices. The novel biometer measured ACD from
Scheimpflug data, while the standard PCI biometer used lateral
slit-imaging technology. The three-dimensional display of the
anterior segment that is independent of the subject's fixation
angle in the Scheimpflug images may provide a more precise
ACD measurement (22).

An exact WTW distance measurement is important for the
implantation of a phakic IOL, sulcus IOL and anterior chamber
IOL (23). The appropriate IOL size may be selected based on
the WTW distance to avoid vaulting-associated complications,
such as pupillary block glaucoma, endothelial damage, chronic
inflammation and cataract formation (24). Furthermore, the
WTW distance is one of the major constants used to evaluate
an effective lens position in the Holladay 2 formula (25).
Both devices measure the horizontal corneal diameter using
iris recognition technology. In addition, arcus senilis in older
patients is a major factor affecting the identification of the
corneal edge (26). In the present study, WTW measurements
exhibited a small yet significant difference and the correlation
of the WTW distance measured by the two biometers was the
lowest among the parameters measured (r=0.88). However, the
difference was not sufficient to be clinically relevant.

Another major concern regarding a novel optical biometer
is whether it is reliable to use the IOL constants provided by
the ULIB website directly (27). Validation of the IOL constants
derived from the ULIB website (8) is required for the novel
Scheimpflug device. The present study indicated a strong
positive correlation between the mean IOL power provided by

both devices with an Acrys of SN6OWF IOL using the SRK/T
and Haigis formulas. Although the mean difference in the IOL
power was not clinically significant (0.28 D for SRK/T,0.34 D
for Haigis), the range determined for the 95% LoA (1.24 D for
SRK/T, 1.56 D for Haigis) was wide. In addition, the differ-
ence exceeded 1 D for two eyes as determined by the SRK/T
formula and for 12 eyes as determined by the Haigis formula.
Therefore, the difference in calculating the IOL power between
the two devices may be significantly different for specific
patients and constant optimization may be required for the
IOL power calculation with the novel Scheimpflug biometer.

The Pentacam anterior segment analysis system is more
widely used with the increasing requirement of functional
IOLs and the emergence of new ray-tracing formulas. It
provides various ocular parameters. In cases of corneal
astigmatism or irregularities, the Pentacam system provides
more information on the corneal topography that is useful in
the assessment of individual IOLs or calculations required
for toric or aspheric IOLs (28). Furthermore, the Pentacam
system is able to measure the posterior corneal curvature
and axis. Zheng et al (29) reported that neglecting posterior
corneal astigmatism yielded significant estimation errors for
total corneal astigmatism in certain patients with cataracts.
Furthermore, Pentacam is the first biometric instrument that
may be used for ray-tracing Olsen formulas (30).

One drawback of the present study was that the data
used were only from the eyes of patients with cataracts. The
validity of the measurements of both devices in patients with
other ocular diseases should be explored in further studies. In
addition, in the present study, the differences and consistency
between the two biometry instruments in the measurement of
ocular parameters prior to cataract surgery and the calculation
of the IOL power were compared, and in a future study, the
actual postoperative outcomes will be assessed.

In conclusion, in the present study, a Scheimpflug biometer
(Pentacam AXL) and a PCI biometer (IOLMaster 500) were
evaluated and compared in terms of their biometry measure-
ments and IOL power calculations. The results indicated
optimal agreement and strong correlations between the two
devices. However, the wide range of differences for the kera-
tometry measurements and IOL power calculations suggested
that constant optimization may be necessary for the novel
biometer.

Acknowledgements

Not applicable.

Funding

This research was supported by the Beijing Municipal
Administration of Hospitals Clinical Medicine Development
of Special Funding Support (grant no. ZYLX201704) and the
High Level Health Technical Personnel of Bureau of Health in
Beijing (grant no. 2014-2-005).

Availability of data and materials

The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.



EXPERIMENTAL AND THERAPEUTIC MEDICINE 21: 326, 2021 7

Authors' contributions

ZW and WY confirmed the authenticity of the raw data. ZW
designed the current study, searched the literature, acquired
and analyzed the data, and wrote the manuscript. WY
conceived and designed the current study, defined intellectual
content, and wrote and edited the manuscript. DL, WC, QZ,
YL, RC, LS and JX performed the experiments. All authors
read and approved the final manuscript.

Ethics approval and consent to participate

The study was conducted in accordance with the tenets
of the Declaration of Helsinki and approved by the Ethics
Committee of the Beijing Tongren Hospital, Capital Medical
University (Beijing, China; approval no. TRECKY?2018-049).
Each patient was informed about the purpose of this study and
provided written informed consent.

Patient consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References

1. Olsen T: Calculation of intraocular lens power: A review. Acta
Ophthalmol Scand 85: 472-485, 2007.

2. Kitthaweesin K and Mungsing W: Agreement and reproduc-
ibility of contact and immersion techniques for axial length
measurement and intraocular lens power calculation. J] Med
Assoc Thai 92: 1046-1049, 2009.

3. Santodomingo-Rubido J, Mallen EA, Gilmartin B and
Wolffsohn JS: A new non-contact optical device for ocular
biometry. Br J Ophthalmol 86: 458-462,2002.

4. Ruiz-MesaR, Abengézar-Vela A and Ruiz-Santos M: Comparison
of a new Scheimpflug imaging combined with partial coherence
interferometry biometer and a low-coherence reflectometry
biometer. J Cataract Refract Surg 43: 1406-1412, 2017.

5. Sel S, Stange J, Kaiser D and Kiraly L: Repeatability and
agreement of Scheimpflug-based and swept-source optical
biometry measurements. Cont Lens Anterior Eye 40: 318-322,
2017.

6. Lam AK, Chan R and Pang PC: The repeatability and accuracy
of axial length and anterior chamber depth measurements from
the IOLMaster. Ophthalmic Physiol Opt 21: 477-483, 2001.

7. Naderan M, Shoar S, Naderan M, Kamaleddin MA and
Rajabi MT: Comparison of corneal measurements in keratoconic
eyes using rotating Scheimpflug camera and scanning-slit
topography. Int J Ophthalmol 8: 275-280, 2015.

8. User Group for Laser Interference Biometry (ULIB): Optimized
IOL constants for the Zeiss IOLMaster calculated from patient
data on file (as of Oct 31, 2016). www.ocusoft.de/ulib/cl.html.
Last accessed November 1, 2018.

9. Einan-Lifshitz A, Rozenberg A, Wang L, Koch DD, Shoshany N,
Zadok D, Avni I and Abulafia A: Accuracy and feasibility of
axial length measurements by a new optical low-coherence
reflectometry-based device in eyes with posterior subcapsular
cataract. J Cataract Refract Surg 43: §98-901, 2017.

10. Ferrer-Blasco T, Dominguez-Vicent A, Esteve-Taboada JJ,
Aloy MA, Adsuara JE and Montés-Mic6é R: Evaluation
of the repeatability of a swept-source ocular biometer for
measuring ocular biometric parameters. Graefes Arch Clin Exp
Ophthalmol 255: 343-349, 2017.

11. Kaswin G, Rousseau A, Mgarrech M, Barreau E and
Labetoulle M: Biometry and intraocular lens power calculation
results with a new optical biometry device: Comparison with the
gold standard. J Cataract Refract Surg 40: 593-600, 2014.

12. Shajari M, Cremonese C, Petermann K, Singh P, Miiller M and
Kohnen T: Comparison of axial length, corneal curvature, and
anterior chamber depth measurements of 2 recently introduced
devices to a known biometer. Am J Ophthalmol 178: 58-64, 2017.

13. Norrby S: Sources of error in intraocular lens power calculation.
J Cataract Refract Surg 34: 368-376, 2008.

14. McAlinden C, Wang Q, Gao R, Zhao W, Yu A, Li Y, Guo Y and
Huang J: Axial length measurement failure rates with biometers
using swept-source optical coherence tomography compared
to partial-coherence interferometry and optical low-coherence
interferometry. Am J Ophthalmol 173: 64-69, 2017.

15. McAlinden C, Wang Q, Pesudovs K, Yang X, Bao F, Yu A, Lin
S, Feng Y and Huang J: Axial length measurement failure rates
with the IOLMaster and Lenstar LS 900 in eyes with cataract.
PLoS One 10: €0128929, 2015.

16. Hill W, Angeles R and Otani T: Evaluation of a new IOLMaster
algorithm to measure axial length. J Cataract Refract Surg 34:
920-924,2008.

17. Symes RJ and Ursell PG: Automated keratometry in routine
cataract surgery: Comparison of Scheimpflug and conventional
values. J Cataract Refract Surg 37: 295-301, 2011.

18. Savini G, Barboni P, Carbonelli M and Hoffer KJ: Accuracy of
Scheimpflug corneal power measurements for intraocular lens
power calculation. J Cataract Refract Surg 35: 1193-1197, 20009.

19. Ozyol P and Ozyol E: Agreement between swept-source optical
biometry and scheimpflug-based topography measurements of
anterior segment parameters. Am J Ophthalmol 169: 73-78,2016.

20. Karunaratne N: Comparison of the Pentacam equivalent kera-
tometry reading and IOL Master keratometry measurement in
intraocular lens power calculations. Clin Exp Ophthalmol 41:
825-834,2013.

21. Lackner B, Schmidinger G and Skorpik C: Validity and repeat-
ability of anterior chamber depth measurements with Pentacam
and Orbscan. Optom Vis Sci 82: 858-861, 2005.

22. Muzyka-Wozniak M and Oleszko A: Comparison of anterior
segment parameters and axial length measurements performed
on a Scheimpflug device with biometry function and a reference
optical biometer. Int Ophthalmol 39: 1115-1122, 2019.

23. Gharaee H, AbrishamiM, Shafiee M and Ehsaei A: White-to-white
corneal diameter: Normal values in healthy Iranian population
obtained with the Orbscan II. Int J Ophthalmol 7: 309-312, 2014.

24. Kohnen T, Kook D, Morral M and Giiell JL: Phakic intraocular
lenses: part 2: results and complications. J Cataract Refract
Surg 36: 2168-2194, 2010.

25. Trivedi RH, Wilson ME and Reardon W: Accuracy of the
Holladay 2 intraocular lens formula for pediatric eyes in the
absence of preoperative refraction. J Cataract Refract Surg 37:
1239-1243, 2011.

26. Huang J, Savini G, Wu F, Yu X, Yang J, Yu A, Yu Y and Wang Q:
Repeatability and reproducibility of ocular biometry using a
new noncontact optical low-coherence interferometer. J Cataract
Refract Surg 41: 2233-2241, 2015.

27. Srivannaboon S, Chirapapaisan C, Chonpimai P and Loket S:
Clinical comparison of a new swept-source optical coherence
tomography-based optical biometer and a time-domain optical
coherence tomography-based optical biometer. J Cataract Refract
Surg 41: 2224-2232,2015.

28. Jia L and Li Z: Evaluation of the consistency of total spherical
aberration before and after aspherical intraocular lens implan-
tation. Eye Sci 28: 129-133, 2013.

29. Zheng T, Chen Z and Lu Y: Influence factors of estimation errors
for total corneal astigmatism using keratometric astigmatism
in patients before cataract surgery. J Cataract Refract Surg 42:
84-94,2016.

30. Jin H, Rabsilber T, Ehmer A, Borkenstein AF, Limberger 1J,
Guo H and Auffarth GU: Comparison of ray-tracing method
and thin-lens formula in intraocular lens power calculations.
J Cataract Refract Surg 35: 650-662, 2009.

O] This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0
International (CC BY-NC-ND 4.0) License.




