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Abstract

e AIM: To explore whether the same corneal curvature
parameters and anterior chamber depth measured by
Pentacam and VX120 have a good consistency and can
replace each other.

e METHODS: This study enrolled 140 eyes of 70 patients
ranging in age from 19 to 53y. All eyes underwent a
comprehensive ophthalmologic examination including
an anterior segment analysis with the VX120 system
(Visionix-Luneau Technologies, Chartres, France) and
Pentacam (Oculus Optikgerate GmbH) respectively. The
comparison on corneal curvature parameters was done
between Pentacam and VX120 using clustered signed
rank test; the interclass correlation coefficients (ICC) with
95% confidence intervals (Cl) was calculated for each
parameter between Pentacam and VX120; the Bland-
Altman plot of each parameter was supplemented.

e RESULTS: The anterior corneal curvature measured
by VX120 was Ks: 44.00%+1.78 D, KsAt: 89.45%+22.18, Kf:
42.84+1.58 D, KfAt: 93.91%79.34; which measured by
Pentacam was Ks: 43.80%1.82 D, KsAt: 91.17+21.40, Kf:
42.61+1.64 D, KfAt: 91.16+78.69. There was statistical
difference between Pentacam and VX120 for anterior
corneal curvature parameter (P<0.001). The posterior
corneal curvature measured by VX120 was Ks: -6.42+1.23 D,
KsAt: 91.00+23.45, Kf: -5.85%1.24 D, KfAt: 95.93%£79.11;
which measured by Pentacam was Ks: -6.44+0.32 D, KsAt:
92.24+11.75, Kf: -6.01+1.05 D, KfAt: 74.43180.64. There was
statistical difference between Pentacam and VX120 for
posterior corneal curvature parameters (P<0.001). Anterior
chamber depth (ACD) measured by Pentacam and VX120

was statistically different. Pentacam and VX120 achieved
high consistency only on corneal anterior surface, including
Ks and Kf. The ICCs were 0.96 (95%CI: 0.95, 0.97) and 0.95
(95%CIl: 0.94, 0.97) respectively. For other corneal surface
curvature parameters, all ICCs of between Pentacam and
VX120 were below 0.87. Bland-Altman plots indicated of
low consistency of corneal surface curvature parameters
measured by Pentacam and VX120.

o CONCLUSION: The corneal curvature parameters and
anterior chamber depth measured by Pentacam and VX120
were statistically different. Data measured by Pentacam
and VX120 is not suggested to replace each other, mixing
data measured by Pentacam and VX120 together is not
suggested either.
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INTRODUCTION

easurement of the sharp, refractive power of the cornea
M are very important for refractive surgery design'”!
and anterior segment diseases assessment”. Keratometry
measures the corneal curvature and determines the corneal
power and corneal astigmatism as well. A primary form of
the keratometer was invented approximately 250 years ago'".
Currently, a number of instruments are available for assessing
corneal curvature, including Scheimpflug topography, optical
low-coherence reflectometry, partial coherence interferometry
and slit-scanning topography/pachymetry systems””. VX120
is a multi-diagnostic platform that commercially available
recently, and has been shown to provide intersession consistent

10
1 corneal

measurements of refraction and ocular aberrations
curvature, eccentricity and aberrometric measurements'"'! in
health eyes. Given the optical principles behind the VX120 and
Pentacam are same, the aim of the present study was to evaluate
the agreement of the corneal curvature measurements and
anterior chamber depth (ACD) obtained with the VX120 and
another Scheimpflug-based topographic device—Pentacam.
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SUBJECTS AND METHODS
Ethical Approval All procedures performed in studies
involving human participants were in accordance with the
ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards. Informed
consent was obtained from all individual participants included
in the study.
Seventy Chinese patients aged 19 to 53y with myopia or
hyperopia who planned to received refractive surgery were
included from the September 2014 to October 2016. A
complete ocular examination was performed in all patients.
Any ocular diseases other to refractive error were excluded.
All patients received examination of the anterior segment
for both eyes. According to the random group, one group of
patients received VX120 examination first, then Pentacam
examination, and the other group received examination in
the reverse order. Two observers took two instruments of
each patient with each device. Each observer adjusted the
keratometer eyepiece prior to use to avoid accommodative
errors. In this study, the definition of ACD is distance from
posterior point of corneal to anterior surface of ocular lens.
Pentacam Pentacam is a non-contact device which uses
combination of slit illumination system [that is light emitting
diode (LED) at 475 nm] and a rotating Scheimpflug camera to
construct topographic images of anterior chamber of eye, maps
the shape and features of the corneal surface. The simulated
K readings (based on anterior corneal curvature alone) can
be obtained over a small central area (3.0 mm) that allows
comparison with other instruments.
VX120 System The VX120 system is a multi-diagnostic
platform that combines a Hartmann-Schack aberrometer, a
Placido disk corneal topographer, a Scheimpflug imaging-
based system and an air tonometer. The Hartmann-Shack
aberrometer of the VX120 system measures 1500 points in
0.2s in an area ranging from 2.0 to 7.0 mm of diameter. The
Scheimpflug imaging-based system uses monochromatic blue
light of 455 nm to obtain pachymetric measurements with a
resolution of £1 um, and iridocorneal angle measurements
with a resolution of +1°. The Placido disk system projects 24
rings on the corneal surface, measuring more than 100 000
points. The combination in one device of all these technologies
allows obtaining tangential and axial curvature data of the
anterior corneal surface, a biometric estimation of various
anterior segment structures, measurement of corneal, internal
and ocular wavefront aberrations, visual quality simulations,
corneal pachymetry maps, and IOP measurements'”.
Statistical Analysis Mean and standardized deviation, as
well as median and interquartile, was used to make statistical
description for continuous variables according to the normality
1312

Table 1 Correlation analysis of corneal surface curvature between
Pentacam and VX120

Variables r P

Ks-anterior corneal curvature 0.967 <0.001
Kf-anterior corneal curvature 0.965 <0.001
Ks-posterior corneal curvature 0.745 <0.001
Kf-posterior corneal curvature 0.763 <0.001
BFS-anterior surface elevation 0.887 <0.001
BFS-posterior surface elevation 0.726 <0.001
Average anterior corneal curvature 0.963 <0.001
Average posterior surface elevation 0.756 <0.001
ACD 0.599 <0.001

BFS: Best simulate sphere; ACD: Anterior chamber depth.

test results. Frequency and proportions were used for statistical
description of categorical variables. Pearson correlation
coefficients were used to evaluate the correlation of different
measurements done by Pentacam and VX120. The ICC was
performed to assess the consistency of different measurements
done by Pentacam and VX120. Clustered signed rank test was
used to make comparison between different measurements,
besides, due to that both eyes were included, a Rosner-Glynn-
Lee method was applied to make correction for the clustered
data. The significance level was set to be 0.05. The analysis
was done using an open source R program (version 3.5.3).
RESULTS

A total of 70 subjects (140 eyes) was included in this study,
and subjects’ average age was 29.69+7.32 years old, with
male accounting for 30%. The median distant visual acuity of
subjects was 0.08 (0.05, 0.15), the median near visual acuity
was 1.00 (1.00, 1.00).

Correlation analysis of corneal surface curvature between
Pentacam and VX120 was done (Table 1). Results showed
that all corneal surface curvature parameters measured by
Pentacam and VX120 were statistically correlated (P<0.001).
Comparison on measurement of anterior and posterior
corneal surface curvature parameters between Pentacam
and VX120 was further done (Table 2). For corneal anterior
surface, mean Ks obtained by Pentacam and VX120 was
43.80+1.82 D and 44.00+1.78 D respectively, the difference
was statistically significant (Z=-4.022, P<0.001). Mean
Kf obtained by Pentacam and VX120 was 42.61+1.64 D and
42.84+1.58 D respectively, the difference was statistically
significant (Z=-5.189, P<0.001). The same result was
expressed on the posterior corneal surface measurement, mean
Ks was -6.444+0.32 D and -6.42+1.23 D for Pentacam and
VX120 respectively, the difference was statistically significant
(7=2.882, P=0.003), and mean Kf was -6.01+1.05 D and
-5.85+1.24 D for Pentacam and VX120 respectively, the
difference was statistically significant (Z=-5.578, P<0.001).
There was statistical difference in the average anterior corneal
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Table 2 Comparison on measurement of corneal surface curvature between Pentacam and VX120

Variables Pentacam VX120 zZ P

Ks-anterior corneal curvature 43.80+1.82 44.00+1.78 -4.022 <0.001
KsAt-anterior corneal curvature 91.17421.40 89.45+22.18 -0.945 0.344
Kf-anterior corneal curvature 42.61+1.64 42.84+1.58 -5.189 <0.001
KfAt-anterior corneal curvature 91.16+78.69 93.91+£79.34 -1.431 0.152
Ks-posterior corneal curvature -6.44+0.32 -6.42+1.23 2.882 0.003
KsAt- posterior corneal curvature 92.24+11.75 91.00423.45 1.271 0.203
Kf-posterior corneal curvature -6.01+1.05 -5.85+1.24 -5.578 <0.001
KfAt- posterior corneal curvature 74.43+80.64 95.93+£79.11 -1.870 0.061
BFS-anterior surface elevation 7.90+0.27 7.86+0.29 4.940 <0.001
BFS-posterior surface elevation 6.46+0.28 6.57+0.27 -6.717 <0.001
ACD 3.15+0.29 2.89+0.23 6.609 <0.001
Average anterior corneal curvature 43.2+1.69 43.42+1.63 -4.566 <0.001
Average posterior surface elevation -6.27+0.29 -6.244+0.78 -4.172 <0.001

ACD: Anterior chamber depth.

curvature (Z=-4.566, P<(0.001) and average posterior surface
elevation either (Z=-4.172, P<0.001). There was no significant
statistical difference in anterior and posterior corneal meridian
data between two devices. Moreover, we present the best
simulate sphere (BFS)-anterior surface elevation and BFS-
posterior surface elevation as well, statistical difference was
observed between Pentacam and VX120 (P<0.001). ACD
measured by the VX120 and Pentacam was 3.15+0.29 mm and
2.89+0.23 mm respectively. The difference was statistically
significant (Z=6.609, P<0.001). VX120 measurement was
lower.

The ICCs of corneal surface curvature between Pentacam and
VX120 were calculated furtherly (Table 3). Results showed
that Pentacam and VX120 achieved high consistency only
on corneal anterior surface, including Ks and Kf, the ICCs
were 0.96 (95%CI: 0.95, 0.97) and 0.95 (95%CI: 0.94, 0.97)
respectively. For other corneal surface curvature parameters,
all ICCs of between Pentacam and VX120 were below 0.87,
indicating of low consistency.

We furtherly assessed the consistency of corneal surface
curvature parameters between Pentacam and VX120 using
Bland-Altman plot, as shown in Figure 1. Results showed that
in spite of the low differences (biases) between values, the
95%CI limits were fairly wide, with many data points outside
the 95%ClI, indicating of low consistency of corneal surface
curvature parameters measured by Pentacam and VX120.
DISCUSSION

Corneal curvature measurement is essential to advances in
refractive surgery and related fields. Successful outcomes
require accurate & reliable data from the topography examination,
inaccurate or unreliable data from the topography examination
will lead to an inaccurate treatment.

Over the past few years, several instruments to image the
anterior segment of the eye have been developed and made

Table 3 Inter-class coefficients of corneal surface curvature
between Pentacam and VX120

Variables IcC 95%CI

Ks-anterior corneal curvature 0.96 0.95,0.97
KsAt-anterior corneal curvature 0.34 0.19,0.48
Kf-anterior corneal curvature 0.95 0.94, 0.97
KfAt-anterior corneal curvature 0.46 0.32,0.58
Ks-posterior corneal curvature 0.15 0.02, 0.28
KsAt- posterior corneal curvature 0.25 0.09, 0.40
Kf-posterior corneal curvature 0.26 0.10, 0.41
KfAt-posterior corneal curvature 0.10 0.01,0.19
BFS-anterior surface elevation 0.87 0.83,0.91
BFS-posterior surface elevation 0.65 0.55,0.74
ACD 0.26 0.12,0.40

ICC: Intra class correlation; ACD: Anterior chamber depth.

commercially available. Among the new technologies, optical
coherence tomography, slit-scanning tomography and rotating
Scheimpflug tomography currently play a major role!"”.

We used to calculate corneal power using the anterior surface
curvature multiplied by an index of refraction which assumes
a fixed relationship between the anterior and posterior
curvatures''. However, some studies indicated the inaccuracy
in the default index of refraction and the corneal power is due
to the non-persistent between anterior and posterior surface'".
Scheimpflug-Placido based corneal tomographers are able to
reconstruct three-dimensional images of the anterior segment
and evaluate the whole cornea by obtaining information from
both anterior and posterior corneal surfaces.

Recently, multifunctional diagnosis platform has become
popular because they provide a “total workstation” concept.
The validity of an instrument or procedure is generally
expressed in terms of repeatability and agreement with another
or with a standard reference!”. Repeatability refers to the
variation in measurements obtained by the same observer
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Figure 1 The consistency of corneal surface curvature parameters between Pentacam and VX120 using Bland-Altman plot A: Ks-

anterior chamber curvature; B: Kf-anterior chamber curvature; C: KsAt-anterior chamber curvature; D: KfAt-anterior chamber curvature; E: Ks-

posterior chamber curvature; F: Kf-posterior chamber curvature; G: KsAt-posterior chamber curvature; H: KfAt-posterior chamber curvature; I:

BFS-anterior surface elevation; J: BFS-posterior surface elevation; K: Anterior chamber depth.

under same conditions over a short period of time. Agreement
quantifies the similarity between any two measurements using
different methods on the same subject. The limits of agreement,
described by Bland and Altman'®, are defined as the mean
difference +£1.96 D of differences. As mentioned before, VX120
has been demonstrated to have very good repeatability"*"'".
In this study, we undertook an initial evaluation of the VX120
Corneal Analysis System by comparing it to the Pentacam,
which is the currently accepted standard for measuring the

1314

ocular anterior segment. The purpose of our study is to see
whether the agreement between these devices is good enough
so that the readings can be used interchangeably.

Oculus’ Pentacam combines a rotating Scheimpflug camera
with a static camera to acquire multiple photographs of
the anterior eye segment. The Scheimpflug camera rotates
along with a monochromatic slit-light source around the
optical axis to obtain the slit images. This rotating system
performs a corneal scan from zero to 180° and each one of the
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photographs is an image of the cornea at a specific angle''”.

The static camera is placed in the centre to detect the pupil’s
contours and control fixation.

Currently, there are some other commercially available
instruments that are based on Scheimpflug imaging, such as
the Galiei (Ziemer Ophthalmic Systems AG) the precision
(Ligi Tecnologie Medicali) and the Sirius (CSO Ophthalmic).
Although some scientific evidences confirming the consistency of
the corneal measurements provided by different commercially
available multi-diagnostic devices based on Scheimpflug

(18211 " A Meta-analysis of

imaging including Pentacam
agreement of various ophthalmic devices showed significant
differences in mean posterior keratometry between Pentacam
and Sirius. Significant difference in steep posterior keratometry
was also noted between Pentacam and Galiei, only equivalent
to Gailei for selected anterior and posterior keratometries
(anterior steep keratometry, posterior: mean, steep and flat
simulated keratometry)~.

The results of this study showed that the mean curvature in
the horizontal and vertical meridians differed significantly
when measured by VX120 and Pentacam. VX120 providing
a slightly steeper mean radius of curvature than the Pentacam.
The same result was presented by L80, the predecessor of the
VX120%,

Anterior chamber depth is becoming a hot topic and plays an
important role in correcting the refractive error after cataract
surgery”". There is statistically significant difference on ACD
measurement between VX120 and Pentacam. The value of
VX120 is lower than Pentacam. This result seems conflict with
the corneal curvature measurement.

Based on current result, we deduce that the corneal surface
curvature and ACD measured by Pentacam and VX120 are
different, using data measured by Pentacam to replace that
measured by VX120 is not suggested. Mixing data measured
by Pentacam and VX120 together is not suggested either.
An offset incorporated into the instrument could mitigate
the difference between the two instruments and make them
interchangeable.

According to our knowledge, this is the first study to evaluate
the agreement between VX120 and Pentacam, although the
same mechanism the device based on. The data from our
study showed they cannot use interchangeable. Just list the
current Meta-analysis”™' showed, the agreement between the
Scheimpflug imaging-based instruments is not satisfied, the
measurement cannot be used interchangeably.

There are several shortages of our study: separate technician
responsible for the different device, each measurement
conducted only once due to the time constraints. We look forward
to future studies that directly compare the performances of
these devices.

ACKNOWLEDGEMENTS

We would like to thank Dr. Kai Cao for support of statistical
analysis and Dr. Qing-Feng Liang for clinical support.
Foundation: Supported by the National Natural Science
Foundation of China (No.81273806).

Conlflicts of Interest: Zhang QW, None; Zhai CB, None; Ma
DL, None.

REFERENCES

1 Tomidokoro A, Oshika T, Amano S, Higaki S, Maeda N, Miyata K.
Changes in anterior and posterior corneal curvatures in keratoconus.
Ophthalmology 2000;107(7):1328-1332.

2 Jinabhai A, Radhakrishnan H, O’Donnell C. Pellucid corneal marginal
degeneration: a review. Contact Lens Anterior Eye 2011;34(2):56-63.

3 Choi JA, Kim MS. Progression of keratoconus by longitudinal
assessment with corneal topography. I/nvest Ophthalmol Vis Sci 2012;
53(2):927-935.

4 Gutmark R, Guyton DL. Origins of the keratometer and its evolving
role in ophthalmology. Surv Ophthalmol 2010;55(5):481-497.

5 Wang XG, Wu Q. Investigation of the human anterior segment in normal
Chinese subjects using a dual Scheimpflug analyzer. Ophthalmology
2013;120(4):703-708.

6 Huang D, Tang ML, Wang L, Zhang XB, Armour RL, Gattey DM,
Lombardi LH, Koch DD. Optical coherence tomography-based corneal
power measurement and intraocular Lens power calculation following
laser vision correction (an American Ophthalmological Society thesis).
Trans Am Ophthalmol Soc 2013;111:34-45.

7 Savini G, Carbonelli M, Barboni P, Hoffer KJ. Repeatability of
automatic measurements performed by a dual Scheimpflug analyzer in
unoperated and post-refractive surgery eyes. J Cataract Refract Surg
2011;37(2):302-309.

8 Liu Z, Huang AJ, Pflugfelder SC. Evaluation of corneal thickness and
topography in normal eyes using the Orbscan corneal topography system.
Br J Ophthalmol 1999;83(7):774-778.

9 Lauschke JL, Lawless M, Sutton G, Roberts TV, Hodge C. Assessment
of corneal curvature using verion optical imaging system: a comparative
study. Clin Exp Ophthalmol 2016;44(5):369-376.

10 Pifiero DP, Lopez-Navarro A, Cabezos I, de Fez D, Caballero MT,
Camps V1. Intrasession repeatability of refractive and ocular aberrometric
measurements obtained using a multidiagnostic device in healthy eyes.
Clin Optom (Auckl) 2017;9:91-96.

11 Piflero DP, Lopez-Navarro A, Cabezos 1, de Fez D, Caballero MT,
Camps VJ. Corneal topographic and aberrometric measurements obtained
with a multidiagnostic device in healthy eyes: intrasession repeatability. J
Ophthalmol 2017;2017:2149145.

12 Martin R. Cornea and anterior eye assessment with placido-disc
keratoscopy, slit scanning evaluation topography and scheimpflug
imaging tomography. Indian J Ophthalmol 2018;66(3):360-366.

13 Seitz B, Langenbucher A, Nguyen NX, Kus MM, Kiichle M.
Underestimation of intraocular Lens power for cataract surgery after

myopic photorefractive keratectomy. Ophthalmology 1999;106(4):693-702.
1315



Corneal curvature obtained from Pentacam and VX120

14 Reitblat O, Levy A, Kleinmann G, Abulafia A, Assia EI. Effect of
posterior corneal astigmatism on power calculation and alignment of toric
intraocular lenses: comparison of methodologies. J Cataract Refract Surg
2016;42(2):217-225.

15 Sheppard AL, Davies LN. Clinical evaluation of the Grand Seiko
Auto Ref/Keratometer WAM-5500. Ophthalmic & physiological optics
2010;30(2):143-151.

16 Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet 1986;1(8476):
307-310.

17 Buehl W, Stojanac D, Sacu S, Drexler W, Findl O. Comparison of
three methods of measuring corneal thickness and anterior chamber depth.
Am J Ophthalmol 2006;141(1):7-12.

18 Cerviiio A, Dominguez-Vicent A, Ferrer-Blasco T, Garcia-Lazaro
S, Albarran-Diego C. Intrasubject repeatability of corneal power,
thickness, and wavefront aberrations with a new version of a dual rotating
Scheimpflug-Placido system. J Cataract Refract Surg 2015;41(1):186-192.
19 Hernandez-Camarena JC, Chirinos-Saldafia P, Navas A, Ramirez-
Miranda A, de la Mota A, Jimenez-Corona A, Graue-Hernindez EO.
Repeatability, reproducibility, and agreement between three different

Scheimpflug systems in measuring corneal and anterior segment biometry.

1316

J Refract Surg 2014;30(9):616-621.

20 Shetty R, Arora V, Jayadev C, Nuijts RM, Kumar M, Puttaiah NK,
Kummelil MK. Repeatability and agreement of three Scheimpflug-
based imaging systems for measuring anterior segment parameters in
keratoconus. Invest Ophthalmol Vis Sci 2014;55(8):5263-5268.

21 Miranda MA, Radhakrishnan H, O’donnell C. Repeatability of
oculus pentacam metrics derived from corneal topography. Cornea
2009;28(6):657-666.

22 Rozema JJ, Wouters K, Mathysen DG, Tassignon MJ. Overview
of the repeatability, reproducibility, and agreement of the biometry
values provided by various ophthalmic devices. Am J Ophthalmol
2014;158(6):1111-1120.e1.

23 Shneor E, Millodot M, Zyroff M, Gordon-Shaag A. Validation of
keratometric measurements obtained with a new integrated aberrometry-
topography system. J Optom 2012;5(2):80-86.

24 Ning XN, Yang YH, Yan H, Zhang J. Anterior chamber depth - a
predictor of refractive outcomes after age-related cataract surgery. BMC
Ophthalmol 2019;19(1):134.

25 Fan R, Chan TC, Prakash G, Jhanji V. Applications of corneal
topography and tomography: a review. Clin Exp Ophthalmol 2018;46(2):
133-146.



