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Agreement Between Swept-Source Optical
Biometry and Scheimpflug-based Topography
Measurements of Anterior Segment Parameters
PELIN ÖZYOL AND ERHAN ÖZYOL
� PURPOSE: To estimate the agreement of anterior
segment parameters between a swept-source optical biom-
etry (IOLMaster 700; Carl Zeiss Meditec AG, Jena, Ger-
many) and a Scheimpflug-based topography with high
resolution (Pentacam HR; OCULUS, Wetzlar, Ger-
many).
� DESIGN: Interinstrument reliability analysis.
� METHODS: A total of 62 eyes from 62 young adults
were included in the study. Average keratometry
(AveK) and simulated keratometry (SimK) along
2.0-mm-ring measurements provided by Pentacam HR,
keratometry readings provided by IOLMaster 700, and
central corneal thickness (CCT) and anterior chamber
depth (ACD) values obtained from both devices were
recorded. J0 and J45 vectoral components of astigmatism
were obtained using power vector analysis. Mean kera-
tometry (Km) values of IOLMaster 700 were compared
for each type of Km value from Pentacam HR, while
other parameters were compared between devices. To
assess the agreement between measurements of the
devices, Bland-Altman analysis was performed.
� RESULTS: The Pentacam HR exhibited significantly
lower Km and CCT measurements (P < .001, for all);
however, no significant difference emerged in J0, J45,
and ACD measurements (P [ .057, P [ .574, and
P [ .64, respectively). The mean difference between
AveK, SimK 2.0 mm, and the IOLMaster 700 Km
wasL0.20 diopter (D) andL0.14 D, respectively, while
the mean difference between J0, J45, CCT, and ACD
measurements was 0.07 D, L0.016 D, L5.05 mm, and
0.004 mm, respectively.
� CONCLUSION: In clinical practice, Pentacam HR and
IOLMaster 700 can be used interchangeably to measure
J0 and J45 vectoral components of astigmatism for SimK
2.0 mm and IOLMaster keratometry values, as well as
ACD and CCT measurements. However, SimK
2.0 mm and AveK values can be not interchangeable,
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as the devices have clinical and statistical differences
in measurements. (Am J Ophthalmol 2016;169:
73–78. � 2016 Elsevier Inc. All rights reserved.)

F
OR CLINICAL APPLICATIONS SUCH AS REFRACTIVE

and cataract surgery, accurate anterior segment mea-
surements are critical for enhancing the success of

vision correction.1–3 Currently, several devices are
available for measuring anterior segment parameters,
including those that perform Scheimpflug topography,
optical coherence tomography (OCT), swept-source (SS)
optical biometry, optical low-coherence reflectometry,
and partial coherence interferometry (PCI), as well as
slit-scanning topography and pachymetry systems.4–7

When using those devices, however, clinicians need to
consider interdevice differences in measurement.
Among these devices, with the help of a rotating

Scheimpflug camera, the Pentacam HR (OCULUS,
Wetzlar, Germany) is designed to analyze anterior ocular
segments. The device has a special 3-dimensional, high-
resolution scanning mode, with which the camera captures
138 000 data points in fewer than 2 seconds. As a result, a
single scan can produce topographic maps of the anterior
and posterior corneal surfaces, anterior chamber analysis,
and complete corneal pachymetry.
At the same time, optical biometry has become the gold

standard for determining biometric measurements and
intraocular lens (IOL) power calculations.8 Among devices
that can achieve those ends, a newly available SS-OCT-
based optical biometry device, named the IOLMaster 700
(Carl Zeiss Meditec AG, Jena, Germany), also enables
OCT imaging and visualization across the entire length
of the eye. In so doing, it provides corneal keratometry,
central corneal thickness (CCT), anterior chamber depth
(ACD), white-to-white distance, pupil diameter, axial
length, and lens thickness measurements.
Advances in anterior segment imaging have allowed cli-

nicians to objectively evaluate and measure parameters
characterizing the eye’s anterior segment. In fact, parame-
ters generated by both Pentacam and IOLMaster 700 have
demonstrated excellent repeatability.9,10 However, it
remains unknown whether the measurements obtained
with those devices are interchangeable or even
comparable. In response, the present study was conducted
to estimate the agreement of anterior segment
73LL RIGHTS RESERVED.
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parameters’ keratometry, CCT, and ACD in normal eyes
between an SS-OCT biometry device and a Scheimpflug-
based topography device with high resolution.

METHODS

� PARTICIPANTSANDPROTOCOL: This study, designed as
an interinstrument reliability analysis, was approved by the
ethics committee of Mugla University and conducted
according to the Declaration of Helsinki. Each participant
was informed of the purpose of the study and signed a writ-
ten consent form.

All participants received a standard examination during
a single visit to the clinic that included general anamnesis
to gather data regarding age, sex, and medical history.
Each participant was also subjected to spherical refractive
error and intraocular pressure measurements using the
TRK-2P automated Kerato-Refractometer tono-pachy-
meter (TOPCON Corp, Tokyo, Japan), anterior slit-lamp
biomicroscopy, Scheimpflug-based corneal topography
using the Pentacam HR (version 1.20r76), and SS optical
biometry using the IOLMaster 700 (software version 1.5).
Measurements were performed prior to pupil dilation. After
PentacamHR and IOLMaster 700 measurements, the pupil
was dilated for posterior segment examination.

Participants with poor fixation, corneal disease, cataract,
glaucoma, or dry eye; thosewhowore contact lenses; and those
who had undergone previous ocular surgery were excluded.

� DEVICES AND MEASUREMENTS: Using a rotating
Scheimpflug camera (180 degrees) and monochromatic
slit-light source (ie, blue LED lights at 470 nm) combined
with a static camera, the Pentacam HR can provide a
3-dimensional model of the anterior segment, as well as
elevation maps of the anterior and posterior corneal sur-
faces, pachymetry maps, biometric measurements of the
anterior segment, and anterior and posterior corneal power
calculations. The average keratometry (AveK) is calcu-
lated as the arithmetic means of the pair of meridians 90 de-
grees apart (K1 and K2) within the central 3-mm zone.
Power Distribution Display permits evaluation of the simu-
lated keratometry (SimK) values in preferred zone or ring.

The IOLMaster 700 uses SS-OCT technology (laser
with variable wavelength) to generate optical B-scans, or
optical cross-sections, to determine biometric eye data.11

The device can obtain multiple measurements for each of
the various parameters in a single capturing process and
presents their average value. More specifically, the
SS-OCT technology acquires the CCT, ACD, anterior
aqueous depth, lens thickness, and axial length measure-
ments from the single OCT image aligned with the eye’s
visual axis. Meanwhile, white-to-white distance is
measured using the light-emitting diode light source
according to iris configuration, whereas the SS-OCT
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optical biometer measures keratometry using telecentric
keratometry. The IOLMaster 700 software provides kera-
tometry measurements in the 2.5-mm zone. To calculate
corneal power, the device uses the anterior corneal radius
and standardized keratometric index of 1.3375.
Pentacam HR and IOLMaster 700 measurements were

taken in random order in the same dimly lit room with a
10-minute rest period from 9:00 AM to 12:00 PM in order
to minimize variation in the results.
SimK 2.0 mm values (flat K, steep K, their corresponding

axes, and mean SimK) were obtained from Power Distribu-
tion Display by centering x and y axes at 0.0 mm and select-
ing the 2.0 mm ring diameter option. AveK, CCT, and
ACD values automatically provided by the Pentacam HR
software were also recorded. Using the IOLMaster 700,
mean keratometry (Km), flat K, steep K; and their corre-
sponding axes values; CCT; and ACD measurements
were taken.
Power vector analysis was conducted using the method

proposed by Thibos12,13 for obtaining vectors along the
0-degree and 45-degree meridians according to the
following equations: (1) vector along the 0-degree merid-
ian (J0)¼ [�(Ksteep�Kflat)/23Cos2a]; (2) vector along
the 45-degree meridian (J45) ¼ [�(Ksteep � Kflat)/2 3
Sin2a]. SimKflat, SimKsteep, and axes values in 2.0 mm
ring for Pentacam HR and Kflat, Ksteep, and axes values
automatically provided by IOLMaster 700 software were
used for the above-mentioned calculations.
Using both devices, ACD was measured from the corneal

epithelium to the anterior lens surface; only scans with an
examination quality specification of ‘‘OK’’ using the Penta-
cam HR were retained for analysis. Quality control criteria
were usedwith the IOLMaster 700 in accordancewithmanu-
facturer recommendations. For each device, 3 measurements
obtained from the same eye were recorded, and their means
were used in statistical analysis. TheKmvalues of IOLMaster
700 were compared for each type of Km value from the
Pentacam HR, while other anterior segment parameters
were compared between measurements from both devices.

� STATISTICAL ANALYSIS: The Kolmogorov-Smirnov test
was used to confirm the normal distribution of data.
A paired t test was applied to compare the mean values of
parameters provided by the Pentacam HR and IOLMaster
700. To assess the agreement between the measurements
of the devices, Bland-Altman analysis was performed. All
statistical tests were performed using the Statistical Package
for Social Sciences, version 18.0 (SPSS Inc, Chicago, Illi-
nois, USA). Significance was set at P < .05.

RESULTS

THIS PROSPECTIVE STUDY RECRUITED 62 ADULT PARTICI-

pants (34 men and 28 women) with a mean manifest
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FIGURE 1. Evaluation of agreement between swept-source op-
tical biometry and Scheimpflug-based topographymeasurements
of anterior segment parameters: Bland-Altman plot for Penta-
cam HR average keratometry (AveK) and IOLMaster 700
mean keratometry (Km).

TABLE. Mean Values of Parameters Provided by Pentacam HR and IOLMaster 700

Pentacam HR IOLMaster 700 Difference P Value

AveK/Km (D) 43.0 6 1.3 43.2 6 1.3 �0.20 6 0.09 <.001

SimK 2.0 mm/Km (D) 43.06 6 1.5 43.2 6 1.3 �0.14 6 0.16 <.001

J0 (D) 0.35 6 0.23 0.28 6 0.22 0.07 6 0.09 .057

J45 (D) �0.018 6 0.18 �0.002 6 0.16 �0.016 6 0.15 .574

CCT (mm) 538.3 6 45 543.35 6 48.8 �5.05 6 7.67 <.001

ACD (mm) 3.48 6 0.38 3.476 6 0.36 0.004 6 0.04 .64

ACD¼ anterior chamber depth; AveK¼ average keratometry; CCT¼ central corneal thickness; D¼ diopter; J0¼ corneal astigmatism vector

along the 0-degreemeridian; J45¼ corneal astigmatism vector along the 45-degreemeridian; Km¼mean keratometry; SimK¼ simulated kera-

tometry.
spherical equivalent refraction of �0.37 6 0.75 diopters
(D) (range þ1.0 to �1.0 D). The mean age of participants
was 35.3 6 4.3 (range 18–40) years.

The Table demonstrates Km measurements, J0 and J45
vector components of astigmatism, CCT, and ACD values
for both the PentacamHR and IOLMaster 700. The Penta-
cam HR exhibited significantly lower keratometry and
CCT values than the IOLMaster 700 (P < .001, for all
parameters) However, no significant difference emerged
in J0, J45, and ACD measurements between the devices
(P ¼ .057, P ¼ .574, and P ¼ .64, respectively).

Figure 1 shows the Bland-Altman plot for the Pentacam
HR AveK and IOLMaster 700 Km. The mean difference
was �0.20 D, at 95% limits of agreement (LoA) (�0.02
and�0.38). Figure 2 shows theBland-Altmanplot for Penta-
cam HR SimK 2.0 mm and the IOLMaster 700 Km. The
mean difference of keratometry measurements was �0.14
D (95% LoA, 0.17 and �0.45). Meanwhile, Figures 3
and 4 show the Bland-Altman plots for J0 and J45 vector
components of astigmatism between the devices, and the
mean difference was 0.07 D (95% LoA, 0.24 and �0.10)
and �0.016 D (95% LoA; 0.27 and �0.31), respectively.

Figures 5 and 6 display the Bland-Altman plots for CCT
and ACD values between the Pentacam HR and IOLMas-
ter 700; the mean difference was�5.05 mm (95% LoA, 9.8
and �19.9) and 0.004 mm (95% LoA, 0.09 and �0.08),
respectively.
DISCUSSION

THE NEED FOR PRECISE MEASUREMENTS OF ANTERIOR

segment characteristics has always promoted the innova-
tion of reliable measurement devices. However, among
those various devices, it is essential to know their inter-
changeability in clinical practice. Accordingly, this
research evaluated the comparability of anterior biometric
measurements between the Pentacam HR and IOLMaster
700 in the eyes of healthy young adults. Results showed
that the Pentacam HR and IOLMaster 700 generated
VOL. 169 AGREEMENT BETWEEN IOLMASTER 700
statistically significant differences in corneal keratometry
and CCT measurements for normal eyes. The 2 devices
agreed on J0 and J45 vectoral components of astigmatism
and ACD measurements for our sample.
With improved axial length measurement techniques,

including PCI and immersion ultrasound, keratometry
remains an important source of biometric error.14 Earlier
research has shown the excellent repeatability of SS-OCT
biometer, as well as its agreement with PCI biometer and
optical low-coherence reflectometry.15 Although the
Pentacam HR undoubtedly provides more options for
measuring the cornea, it is useful to know whether its mea-
surements agree with those of the IOLMaster 700. As per
our results, keratometry values exhibited lower K values
with the Pentacam HR than with the IOLMaster 700, and
SimK 2.0 mm values showed less interdevice variation
than with the AveK compared with the IOLMaster 700
Km. The mean difference between the SimK 2.0 mm and
IOLMaster 700 Km was �0.14 D with 95% LoA of 0.17
and �0.45 D. The mean difference between the AveK
and IOLMaster 700 Kmwas also�0.2 D, with themeasured
75AND PENTACAM HR MEASUREMENTS



FIGURE 4. Evaluation of agreement between swept-source op-
tical biometry and Scheimpflug-based topographymeasurements
of anterior segment parameters: Bland-Altman plot for J45.

FIGURE 2. Evaluation of agreement between swept-source op-
tical biometry and Scheimpflug-based topographymeasurements
of anterior segment parameters: Bland-Altman plot for Penta-
cam HR simulated keratometry (SimK) 2.0 mm and IOLMaster
700 mean keratometry (Km).

FIGURE 3. Evaluation of agreement between swept-source op-
tical biometry and Scheimpflug-based topographymeasurements
of anterior segment parameters: Bland-Altman plot for J0.
95%LoA limits of�0.02 and�0.38D in our study. The dif-
ference in AveK between Pentacam and PCI biometer
was �0.11 D, as reported by Symes and Ursell,16 �0.30 D
by Savini and associates,17 �0.47 D by Elbaz and associ-
ates,18 and �0.35 D by Woodmass and Rocha.19

Although the difference in keratometry measurements
between devices is comparable on average, it is also impor-
tant to be considering the range of variation in order to
gauge the interchangeability of 2 devices. In this study,
the 95% LoA range for the Pentacam HR AveK and
IOLMaster 700 Km was 0.36 D, while the 95% LoA range
was reported to be 2.08 D by Symes and Ursell,16 1.77 D by
Savini and associates,17 2.01 D by Elbaz and associates,18

and 0.92 D by Woodmass and Rocha19 for Pentacam
AveK and PCI biometer Km. The 95% LoA range for the
Pentacam HR SimK 2.0 mm and IOLMaster 700 Km was
also 0.62 D.

According to our results, Pentacam HR and IOLMaster
700 cannot be used interchangeably for SimK 2.0 mm and
AveK measurements, as the difference of �0.14 D
and �0.20 D are sufficient to give different optimized con-
stants for IOL power calculation. Appropriate IOL formula
constant adjustment is suggested according to the differ-
ence in magnitude in the Km value.16 Karunaratne20 has
also demonstrated that constant optimization may be a
necessary way to minimize the differences between kerato-
metric devices. Therefore, a constant would be less for the
SimK 2.0 mm and AveK in our study.

Significant preoperative corneal astigmatism is common
among cataract patients.21 For surgical corrections of astig-
matism with a toric intraocular lens, consistency of astig-
matism measurements is mandatory. For a valid
comparison of astigmatism, vector analysis was used to
transform the astigmatism values into the vector compo-
nents of J0 and J45 in this study. Our results show that
neither J0 nor J45 vector components of astigmatism
demonstrated significant difference between 2 devices.
76 AMERICAN JOURNAL OF
The mean difference was 0.07 D and �0.016 D for J0 and
J45 vector components, respectively. Because the differ-
ence between the devices was not significant, the inter-
changeability of these measurements could also be
considered. Similarly, Dong and associates22 found no
significant difference in J0 and J45 vector components of
astigmatism between Pentacam HR and PCI biometer.
Accurate ACD measurements are needed in different

clinical applications, including calculating IOL in fourth-
generation formulas such as Holladay II and Olsen,2,23

implanting phakic IOL,24 and screening for risk factors
for glaucoma.25 Several methods for measuring ACD are
available that use different techniques, including reflected
sound waves and Jaeger or Scheimpflug principles.26 Our
results show that ACD measurements obtained by the
Pentacam HR did not significantly differ from those
obtained with the IOLMaster 700; the difference between
the devices was 0.004 mm, and the 95% LoA range was
0.17 mm. Because the difference between the modalities
was too small to indicate any noticeable difference, as in
IOL calculation (eg, in the NuVita Nomogram, the
SEPTEMBER 2016OPHTHALMOLOGY



FIGURE 5. Evaluation of agreement between swept-source op-
tical biometry and Scheimpflug-based topographymeasurements
of anterior segment parameters: Bland-Altman plot for central
corneal thickness (CCT).

FIGURE 6. Evaluation of agreement between swept-source op-
tical biometry and Scheimpflug-based topographymeasurements
of anterior segment parameters: Bland-Altman plot for anterior
chamber depth (ACD).
required IOL power varies by 0.1 D for each 0.2 mm of
ACD),27 the interchangeability of both devices for this
measurement should also be considered. Significant differ-
ences in ACD measurements between the Pentacam and
PCI biometer have previously been reported.22,28,29 For
Utine and associates,28 ACD measurements were an
average of 0.11 mm less than Pentacam measurements,
with a 95% LoA range of 0.6 mm. Similarly, Dong and as-
sociates22 reported a significant difference of �0.08 mm
and 95% LoA range of 0.88 mm between devices in eyes
with a refractive error of <3 D. Moreover, in a large white
population, Fernández-Vigo detected a significant differ-
ence of 0.035 mm between the Pentacam and PCI bio-
meter.29 The differences could be attributable to different
optical biometer technologies—namely, slit-imaging and
SS-OCT technologies for PCI and SS-OCT biometers,
respectively. Srivannaboon and associates10 and Kunert
and associates15 have also reported that SS-OCT biometer
ACD measurements tend to be longer than PCI biomet-
rical ones, which also supports our results.

CCT measurement is important in calculating corrected
intraocular pressure and completing any preoperative
assessment for keratorefractive surgery. Kunert and associ-
ates15 compared SS-OCT and optical low-coherence
reflectometry CCT measurements and found good correla-
tion, with a mean difference of 1.7 mm and 95% LoA range
of 17.68 mm. Huang and associates30 reported a mean
difference of 3.72 mm with a 95% LoA range of 23.9 mm
between the Pentacam HR and optical low-coherence
reflectometry. In our study, the mean difference for CCT
measurements between the Pentacam HR and IOLMaster
700 was �5.05 mm, with a 95% LoA range of 29.7 mm.
VOL. 169 AGREEMENT BETWEEN IOLMASTER 700
The reason for the differences could be the inconsistent
measurement point, different measurement principles,
diurnal variation, or different group refractive status.
Nevertheless, our results are comparable to those demon-
strating the reliability of the devices in current clinical
use. In fact, the 95% LoA range of CCT measurements us-
ing the Pentacam and IOLMaster 700 for repeatability were
also reported as 22.1 (�10.2 to 11.9) mm and 27.22
(�11.31 to 15.91) mm.10,31 From a different angle,
Kohlhaas and associates32 have reported a value of
61.5 mm Hg to be clinically relevant, which complies
with a CCT value of approximately 637.5 mm. Consid-
ering the mentioned limits, we conclude that the devices
can be interchangeable for taking CCT measurements in
clinical practice.
A potential limitation of our study is that the population

consisted of only young, healthy participants with normal
corneas. Further research is thus necessary to determine
the accuracy of anterior segment measurements with the
Pentacam system and IOLMaster 700 biometer in elderly
patients; in eyes with irregular corneas, including those
with keratoconus; and in eyes that have undergone corneal
surgery.
In conclusion, our data suggest that the Pentacam HR

and IOLMaster 700 have good concordance and can be
used interchangeably to measure J0 and J45 vectoral com-
ponents of astigmatism for SimK 2.0 mm and IOLMaster
keratometry values, as well as ACD and CCT measure-
ments. However, caution must be used regarding SimK
2.0 mm and AveK values, for the devices have clinical
and statistical differences, and measurements can therefore
be not interchangeable.
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financial disclosures: Pelin Özyol and Erhan Özyol. All authors attest that they meet the current ICMJE criteria for authorship.

The authors thank Dr Beyza Do�ganay Erdo�gan (PhD, Ankara University, Faculty of Medicine, Department of Biostatistics) for her contributions to
statistical analysis.
77AND PENTACAM HR MEASUREMENTS



REFERENCES

1. Norrby S. Sources of error in intraocular lens power calcula-
tion. J Cataract Refract Surg 2008;34(3):368–376.

2. Olsen T. Sources of error in intraocular lens power calcula-
tion. J Cataract Refract Surg 1992;18(2):125–129.

3. Petermeier K, Gekeler F, Messias A, Spitzer MS, Haigis W,
Szurman P. Intraocular lens power calculation and optimized
constants for highly myopic eyes. J Cataract Refract Surg 2009;
35(9):1575–1581.

4. Liu Z, Huang AJ, Pflugfelder SC. Evaluation of corneal thick-
ness and topography in normal eyes using theOrbscan corneal
topography system. Br J Ophthalmol 1999;83(7):774–778.

5. Guilbert E, Saad A, Grise-Dulac A, Gatinel D. Corneal
thickness, curvature, and elevation readings in normal cor-
neas: combined Placido-Scheimpflug system versus combined
Placido-scanning-slit system. J Cataract Refract Surg 2012;
38(7):1198–1206.

6. Tang M, Chen A, Li Y, Huang D. Corneal power measure-
ment with Fourier-domain optical coherence tomography.
J Cataract Refract Surg 2010;36(12):2115–2122.

7. Wang X,WuQ. Investigation of the human anterior segment
in normal Chinese subjects using a dual Scheimpflug analyzer.
Ophthalmology 2013;120(4):703–708.

8. Findl O, Drexler W, Menapace R, Heinzl H,
Hitzenberger CK, Fercher AF. Improved prediction of intra-
ocular lens power using partial coherence interferometry.
J Cataract Refract Surg 2001;27(6):861–867.

9. Kawamorita T, Nakayama N, Uozato H. Repeatability and
reproducibility of corneal curvature measurements using the
Pentacam and Keratron topography systems. J Refract Surg
2009;25(6):539–544.

10. Srivannaboon S, Chirapapaisan C, Chonpimai P, Loket S.
Clinical comparison of a new swept-source optical coherence
tomography-based optical biometer and a time-domain opti-
cal coherence tomography-based optical biometer. J Cataract
Refract Surg 2015;41(10):2224–2232.

11. Grulkowski I, Liu JJ, Zhang JY, et al. Reproducibility of a
long-range swept-source optical coherence tomography
ocular biometry system and comparison with clinical bio-
meters. Ophthalmology 2013;120(11):2184–2190.

12. Thibos LN, Wheeler W, Horner D. Power vectors: an appli-
cation of Fourier analysis to the description and statistical
analysis of refractive error. Optom Vis Sci 1997;74(6):
367–375.

13. Thibos LN, Horner D. Power vector analysis of the optical
outcome of refractive surgery. J Cataract Refract Surg 2001;
27(1):80–85.

14. Olsen T. Improved accuracy of intraocular lens power calcu-
lation with the Zeiss IOLMaster.Acta Ophthalmol Scand 2007;
85(1):84–87.

15. Kunert KS, Peter M, Blum M, et al. Repeatability and agree-
ment in optical biometry of a new swept-source optical coher-
ence tomography-based biometer versus partial coherence
interferometry and optical low-coherence reflectometry.
J Cataract Refract Surg 2016;42(1):76–83.

16. Symes RJ, Ursell PG. Automated keratometry in
routine cataract surgery: comparison of Scheimpflug and
conventional values. J Cataract Refract Surg 2011;37(2):
295–301.
78 AMERICAN JOURNAL OF
17. Savini G, Barboni P, Carbonelli M, Hoffer KJ. Accuracy of
Scheimpflug corneal power measurements for intraocular
lens power calculation. J Cataract Refract Surg 2009;35(7):
1193–1197.

18. Elbaz U, Barkana Y, Gerber Y, Avni I, Zadok D. Comparison
of different techniques of anterior chamber depth and kerato-
metric measurements. Am J Ophthalmol 2007;143(1):48–53.

19. Woodmass J, RochaG.A comparison of Scheimpflug imaging
simulated and Holladay equivalent keratometry values with
partial coherence interferometry keratometry measurements
in phakic eyes. Can J Ophthalmol 2009;44(6):700–704.

20. Karunaratne N. Comparison of the Pentacam equivalent
keratometry reading and IOL Master keratometry measure-
ment in intraocular lens power calculations. Clin Experiment
Ophthalmol 2013;41(9):825–834.

21. De Bernardo M, Zeppa L, Cennamo M, Iaccarino S, Zeppa L,
Rosa N. Prevalence of corneal astigmatism before cataract
surgery in Caucasian patients. Eur J Ophthalmol 2014;24(4):
494–500.

22. Dong J, Tang M, Zhang Y, et al. Comparison of anterior
segment biometric measurements between Pentacam HR
and IOLMaster in normal and high myopic eyes. PLoS One
2015;10(11):e0143110.

23. Holladay JT. Standardizing constants for ultrasonic biometry,
keratometry, and intraocular lens power calculations. J Cata-
ract Refract Surg 1997;23(9):1356–1370.

24. Fechner PU. Intraocular lenses for the correction of myopia
in phakic eyes: short-term success and long-term caution.
Refract Corneal Surg 1990;6(4):242–244.

25. Devereux JG, Foster PJ, Baasanhu J, et al. Anterior chamber
depth measurement as a screening tool for primary angle-
closure glaucoma in an East Asian population. Arch Ophthal-
mol 2000;118(2):257–263.

26. Barrett BT,McGraw PV,Murray LA,Murgatroyd P. Anterior
chamber depth measurement in clinical practice. Optom Vis
Sci 1996;73(7):482–486.

27. Lackner B, Schmidinger G, Skorpik C. Validity and repeat-
ability of anterior chamber depth measurements with Penta-
cam and Orbscan. Optom Vis Sci 2005;82(9):858–861.

28. Utine CA, Altin F, Cakir H, Perente I. Comparison of ante-
rior chamber depth measurements taken with the Pentacam,
Orbscan IIz and IOLMaster in myopic and emmetropic eyes.
Acta Ophthalmol 2009;87(4):386–391.

29. Fernández-Vigo JI, Fernández-Vigo JA, Macarro-Merino A,
et al. Determinants of anterior chamber depth in a large
Caucasian population and agreement between intra-ocular
lens Master and Pentacam measurements of this variable.
Acta Ophthalmol 2016;94(2):150–155.

30. Huang J, Pesudovs K, Wen D, et al. Comparison of anterior
segment measurements with rotating Scheimpflug photog-
raphy and partial coherence reflectometry. J Cataract Refract
Surg 2011;37(2):341–348.

31. Barkana Y, Gerber T, Elbaz U, et al. Central corneal thick-
ness measurement with the Pentacam Scheimpflug system,
optical low-coherence reflectometry pachymeter, and ultra-
sound pachymeter. J Cataract Refract Surg 2005;31(9):
1729–1735.

32. Kohlhaas M, Boehm AG, Spoerl E, et al. Effect of central
corneal thickness, corneal curvature, and axial lengthon appla-
nation tonometry. Arch Ophthalmol 2006;124(4):471–476.
SEPTEMBER 2016OPHTHALMOLOGY

http://refhub.elsevier.com/S0002-9394(16)30293-8/sref1
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref1
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref2
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref2
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref3
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref3
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref3
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref3
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref4
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref4
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref4
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref5
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref5
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref5
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref5
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref5
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref6
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref6
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref6
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref7
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref7
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref7
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref8
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref8
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref8
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref8
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref9
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref9
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref9
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref9
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref10
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref10
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref10
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref10
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref10
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref11
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref11
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref11
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref11
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref12
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref12
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref12
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref12
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref13
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref13
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref13
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref14
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref14
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref14
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref15
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref15
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref15
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref15
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref15
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref16
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref16
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref16
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref16
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref17
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref17
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref17
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref17
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref18
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref18
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref18
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref19
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref19
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref19
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref19
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref20
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref20
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref20
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref20
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref21
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref21
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref21
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref21
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref22
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref22
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref22
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref22
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref23
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref23
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref23
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref24
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref24
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref24
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref25
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref25
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref25
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref25
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref26
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref26
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref26
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref27
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref27
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref27
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref28
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref28
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref28
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref28
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref29
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref29
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref29
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref29
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref29
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref30
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref30
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref30
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref30
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref31
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref31
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref31
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref31
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref31
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref32
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref32
http://refhub.elsevier.com/S0002-9394(16)30293-8/sref32

	Agreement Between Swept-Source Optical Biometry and Scheimpflug-based Topography Measurements of Anterior Segment Parameters
	Methods
	Participants and Protocol
	Devices and Measurements
	Statistical Analysis

	Results
	Discussion
	References


