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Original Article
Comparability and repeatability of pachymetry in keratoconus using four
noncontact techniques
Mukesh Kumar, Rohit Shetty, Chaitra Jayadev, Debarun Dutta1
Purpose: To compare and determine the repeatability of central corneal thickness (CCT) measurements
using four noncontact pachymetry instruments in eyes with keratoconus. Materials and Methods: The CCT
of consecutive patients with keratoconus was measured during a single visit using the swept source optical
coherence tomography (SS‑OCT, Casia SS‑1000°CT, Tomey, Nagoya, Japan), a rotating Scheimpflug camera
system (Pentacam, Oculus Optikgerate GmbH, Wetzlar, Germany), scanning slit topographer (Orbscan
IIz topography, Baush and Lomb Surgical Inc., San Dimas, CA, USA), and a hand‑held spectral domain
OCT (HHSD‑OCT, Bioptigen Inc., Durham, North Carolina, USA). Test‑retest variability, correlation
between measurements and interdevice agreement were analyzed. Results: Fifty eyes of 25 participants
were analyzed in this study. All measurement methods correlated well with each other (r > 0.9, P < 0.001).
Mean ± standard deviation CCT measured by HHSD‑OCT, Orbscan IIz, SS‑OCT, and Pentacam was
462 ± 41 µm, 458 ± 41 µm, 454 ± 40 µm, and 447 ± 42 µm, respectively. While the HHSD‑OCT over‑estimated
the CCT (P < 0.001), there was a good correlation between the measurements obtained from the other three
devices. However, the numerical difference was high and this trend was seen in all the paired comparisons.
Conclusions: Though the measurements by different devices correlated well, the numerical agreement may
be inadequate for their interchangeable use in clinical practice.
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Keratoconus is a noninflammatory progressive condition
of the cornea characterized by corneal ectasia and thinning
which results in astigmatism (irregular and regular) and
decrease in vision.[1] Since thinning of the cornea is initially
noted in the central region, the progression and severity of
keratoconus can be monitored by measuring the central corneal
thickness (CCT) and the degree of protrusion. It is known that
central and inferotemporal corneal thickness is significantly
less in keratoconus than in normal corneas.[2,3] Early detection
and follow‑up of changes in the CCT, especially in progressive
keratoconus can help to prognosticate the disease.
At present, there are various contact and noncontact
techniques available to measure CCT. Accuracy and
repeatability of these techniques in measuring the CCT
in keratoconus patients assume greater importance with
the advent of newer prophylactic and therapeutic corneal
intervention such as intrastromal corneal ring segment
implantation,[4‑8] collagen crosslinking,[9] and deep lamellar
keratoplasty.[10]
The CCT in keratoconus has previously been measured with
anterior segment optical coherence tomography (AS‑OCT),
ultrasound pachymetry (USP), and Orbscan IIz (Bausch and
Lomb Surgical Inc., San Dimas, CA, USA) and these studies
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have shown a high correlation between the techniques.[11]
Though USP is still considered the gold standard, it is a contact
type pachymetry, and there is an associated increased risk of
corneal injury and infections.[12] A PubMed search did not reveal
any studies that have measured the CCT with a hand‑held
spectral‑domain OCT (HHSD‑OCT, Bioptigen Inc., Durham,
North Carolina, USA) or Pentacam (Oculus Optikgerate
GmbH, Wetzlar, Germany) in established keratoconus. Since
these instruments are currently available for clinical use, it is
important to know if the pachymetry values generated by the
newer techniques are comparable to the others that are being
used for years.
Hence, we conducted a prospective observational study
to compare the pachymetry values obtained using a swept
source OCT (SS‑OCT, Casia SS‑1000°CT, Tomey, Nagoya,
Japan), Pentacam, Orbscan IIz and HHSD‑OCT in established
keratoconus to evaluate the repeatablity and agreement
between them.

Materials and Methods
In this prospective, observational, comparative study,
consecutive patients with established keratoconus were
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enrolled from the cornea clinic of a tertiary care eye hospital
in India. The initial diagnosis of keratoconus was based
on the presence of a characteristic elevation on corneal
topography (i.e. central or paracentral steepening) with a
simulated keratometric reading of more than 48.6 diopter (D)
and one or more of the following slit lamp findings: Central or
paracentral thinning, anterior bulging or conicity, hemosiderin
deposition (Fleischer’s ring), stromal striae (Vogt’s striae),
Descemet’s membrane breaks, and apical scars. Eyes with
previous acute corneal hydrops or a history of corneal surgery
were excluded from the study. The study adhered to the
tenets of the Declaration of Helsinki and was approved by the
Institutional Review Board; all participants provided a written
informed consent. All subjects underwent comprehensive
ophthalmic examination including visual acuity measurement
using the Snellen’s chart, intraocular pressure measurement
using a noncontact tonometer (Topcon CT80, Japan), slit lamp
biomicroscopy, and dilated fundus evaluation.
For each patient, three consecutive measurements by
SS‑OCT, Pentacam, Orbscan IIz topography, and HHSD‑OCT
were performed by a single examiner. To minimize any diurnal
variation, measurements were done only at 11 a.m. ±1 h and
at the same sitting.
Instrumentation
Pentacam
Pentacam uses a rotating Scheimpflug camera and a
monochromatic slit light source that rotate together around
the optical axes of the eye to obtain a three‑dimensional model
of the AS.[13] It takes a few seconds to generate an image and
data on topography, CCT, corneal curvature, anterior chamber
angle, depth, and volume are calculated from up to 25,000
data points.
Orbscan IIz
Orbscan IIz produces multiple slit lamp images of the AS using
a horizontally moving camera.[14,15] CCT is calculated from the
difference in the elevation between the anterior and posterior
surfaces. Positioning of the patient and fixation of the eye are
similar to that used during Pentacam measurements.
Hand‑held spectral domain optical coherence tomography
The Bioptigen HHSD‑OCT imaging system is capable of
acquiring a series of 100 horizontal spectral domain OCT
images, each containing 1000 A‑scans, in under 6 s.[16] The
distance between the scans is approximately 80–100 μm, and
the axial resolution is about <5 μm. This image acquisition
rate results in a reduction of motion artefacts. For this study,
we used a standard, commercially available HHSD‑OCT
device, originally designed to measure retinal thickness. We
demonstrate the applicability of this HHSD‑OCT to perform
imaging studies on the cornea and to measure the CCT. Since,
this is a hand‑held OCT, subjects were asked to fixate at a
distance target with fellow eye and Bioptigen HHSD‑OCT
was held perpendicular to the corneal surface with the central
grid aligned with the middle of limbus‑to‑limbus diameter.
In addition, to confirm good centration scans were aligned to
visual axis and adjusted to be on the geometrical axis of the eye.
Swept source optical coherence tomography
SS‑AS‑OCT was performed using a Fourier‑domain OCT
system. A swept laser source operating at 1310 nm wavelength
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can achieve an axial resolution of 10 µm or less and a
transverse resolution of 30 µm or less and provide 30 000 axial
scans (A‑scans) per second.[17,18] The software automatically
analyzes the recorded images and provides various corneal
maps, as well as a quantitative and qualitative AS evaluation.
To achieve good centration, all scans were aligned on its visual
axis and then adjusted to be on the geometrical axis according
to the manufacturer’s guidelines.
Statistical analysis
Statistical Package for Social Sciences (SPSS)
version 17.0 (SPSS, Inc., Chicago, IL, USA) was used for
analysis of data. Normality of data was confirmed using the
Kolmogorov–Smirnov test and graphical methods. A P < 0.05
was considered statistically significant. One‑way analysis of
variance for repeated measurements was used to compare
CCT values obtained using the four different methods.
Correlations between measurement methods were examined
using the Pearson’s correlation analysis. For device pairs,
descriptive variables reflecting the level of agreement were
calculated, including mean paired difference, maximum
difference, median absolute difference, and 95% limits of
agreement (LOA = mean ± 1.96 standard deviation [SD]).
In addition, Bland–Altman plots were drawn, in which
agreements of the methods were graphically represented
in terms of 95% LOA estimated by mean difference ± 1.96
SD of the differences. Test‑retest reliability (repeatability)
was evaluated using the Pearson’s correlation analysis
and through comparison of mean values obtained at each
acquisition using the one‑way analysis of variance for
repeated measurements and the Student’s t‑test for paired
samples was used for pairwise comparisons.

Results
Fifty eyes of 25 subjects were included in the study. The mean
age of the subjects was 20.4 ± 4.5 years (range: 10–28 years).
Sixteen were male, and nine were female.
Comparison of different pachymetry methods
Agreement between all the device pairs were highly significant
with correlation coefficients of 0.99 between Orbscan IIz
and Pentacam, 0.986 between Orbscan IIz and SS‑OCT, 0.98
between Orbscan IIz and HHSD‑OCT, 0.989 between SSOCT
and Pentacam, 0.98 between HHSD‑OCT and Pentacam, and
0.979 between SS‑OCT and HHSD‑OCT (P < 0.001 for all
comparisons).
The pairwise comparison revealed that HHSD‑OCT gave
significantly higher values and thus overestimated CCT
compared to the other instruments (P < 0.001). Fig. 1 shows
the Bland–Altman plots for the agreement between SSOCT,
Pentacam, Orbscan IIz, and HHSD‑OCT for CCT measurements
in keratoconus eyes.
Orbscan IIz and Pentacam measurements displayed
the smallest range of LOA (20.8 μm), whereas SSOCT and
HHSD‑OCT displayed the widest range (34 μm). The median
absolute difference was smallest between Orbscan IIz and
SS‑OCT measurements (0.7 μm). Table 1 gives the parameters
related to the agreement of the methods.
The slopes of the regression lines were not significantly
different from zero in none of the device pairs, indicating
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Figure 1: (a-f) Bland–Altman plots comparing central corneal thickness measurements with two different methods. Upper and lower limits of
agreement lines denote 95% limits of agreement

that there was no bias. Thus, the magnitudes of the
differences were similar at different degrees of corneal
thickness.
Test‑retest variability of the measurements
For SS‑OCT, HHSD‑OCT, Pentacam, and Orbscan IIz, there was
a high level of agreement between the first and consecutive
measurements with correlation coefficients ranging between

0.99 and 0.93 (P < 0.001 for all correlations), confirming the
repeatability of the results [Table 2].

Discussion
In this study, we compared CCT measurements obtained using
HHSD‑OCT, Pentacam, Orbscan IIz, and SS‑OCT. Numerous
studies have demonstrated that the CCT measurement in
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normal eyes was comparable between USP and Orbscan
IIz when the appropriate correction factor was used.[19‑22]
However, this is the first study to evaluate the precision of
CCT measurements with four different systems including the
Pentacam, HHSD‑OCT, Orbscan IIz, and SS‑OCT in keratoconic
eyes. The most significant finding of this study is that CCT
was over‑estimated by the HHSD‑OCT in keratoconus by
an average of 6 µm when compared to Orbscan IIz. The CCT
values of Orbscan IIz, Pentacam, and SS‑OCT correlated well
numerically but had a high magnitude of difference.
Grewal et al.[23] compared the CCT finding of Pentacam
and AS‑OCT measurements in keratoconic eyes. They found
Table 1: Pairwise comparisons of the CCT measurement
acquired by four different devices
Mean paired
difference
with±SD

Maximum
difference

Median
absolute
difference

Orbscan IIz
versus Pentacam

3.3±5.2

14.3

4

Orbscan IIz
versus SS‑OCT

0.7±6.7

24

0

Orbscan IIz
versus Bioptigen

−5.9±8.1

−39.6

−6

Pentacam versus
SS‑OCT

−2.7±6.1

19

−4

Pentacam versus
Bioptigen
SS‑OCT versus
Bioptigen

−9.2±8.0

−42.67

−10

−6.5±8.3

−37

−6

SD: Standard deviation, SS‑OCT: Swept source optical coherence tomography,
CCT: Central corneal thickness

Table 2: CCT statistics for the four instruments in central
cornea
Instruments

CCT
P analysis
mean±SD of variancea

Correlationb

ICC

‑

0.9922

Orbscan IIz
1

459.4±39.5

2

456.2±41.6

0.634

r=0.972 (P<0.001)

3

458.2±41.2

r=0.984 (P<0.001)

Pentacam
1

454.1±40.1

2

455.2±40.3

0.645

r=0.996 (P<0.001)

‑

3

454.6±40.8

r=0.994 (P<0.001)

0.9984

SS‑OCT
1

454.9±40.8

0.628

‑

2

457.5±40.4

r=0.999 (P<0.001)

3

459.4±40.5

r=0.998 (P<0.001)

0.9987

Bioptigen
1

462.7±41.3

2
3

465.3±41.0
463.3±37.7

0.367

‑

0.9837

r=0.999 (P<0.001)
r=0.931 (P<0.001)

Analysis of variance for repeated measurement, bVersus first acquisition.
ICC: Interclass correlation coefficient (P) Pearson correlation coefficient.
CCT: Central corneal thickness, SD: Standard deviation, SS‑OCT: Swept
source optical coherence tomography
a
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that AS‑OCT measured significantly higher readings than
the Pentacam with a mean difference of 2 µm. In contrast to
this, our study found that the CCT measured by SS‑OCT was
overestimated by 7 µm when compared to the Pentacam.
Uçakhan et al.[24] in their study also found that the mean
CCT in keratoconic eyes as measured with Pentacam was
underestimated by 6 μm as compared to measurements with
USP. The tendency of the Pentacam to underestimate the mean
CCT in normal corneas has also been reported.[25]
Our study found that Orbscan IIz (acoustic factor corrected)
significantly overestimated CCT by an average of 21 μm in
contrast to the previous study.[11] However, Dutta et al.[11]
compared Orbscan IIz findings with USP, which is a contact
method. Whereas, another study has reported that Orbscan IIz
measurement of CCT was significantly lower in keratoconic
eyes than those obtained by USP.[26] In this study, we did not find
any significant difference in the CCT in keratoconic eyes using
the SS‑OCT and Orbscan IIz. In contrast, Jhanji et al.[27] reported
that in 46 keratoconic eyes, the difference in CCT was 21 µm
and 19 µm with Orbscan IIz and SS‑OCT, respectively, which
is much higher compared to our result. This difference could
be because corneal elevation data is obtained in Orbscan
using algorithms which use lower order polynomials, and this
excludes small irregularities on the corneal surface. An acoustic
equivalent correction factor of 0.92 was obtained when Orbscan
measurements were calibrated in the normal population.
However, such algorithms may not apply to abnormal corneas
such as keratoconus and postrefractive surgery.[28]
The clarity of the cornea is an important factor while obtaining
accurate measurements using Orbscan as the measurements
are based on the reflected light beam from the corneal surface.
When the corneal medium is not clear, the pathway of the
light rays may be interrupted.[29] Fakhry et al.[30] in their study
reported that Orbscan IIz gives accurate CCT measurements
in normal eyes with results similar to those of USP, but in cases
with stromal/epithelial haze after photorefractive keratectomy,
the USP readings were more accurate as compared to those from
the Orbscan. Alteration of the regular arrangement of collagen
fibrils,[31] elongated epithelial cells in the corneal apex,[32] and
changes in reflectivity of the anterior stroma[33] have all been
documented in keratoconic eyes. These anatomic changes may
affect the optical clarity as well as the measurement accuracy
for CCT when compared to the healthy cornea. Kim et al.[34]
demonstrated no significant difference between Pentacam
and Orbscan measurement of CCT, although they found a
tendency of the Orbscan to underestimate CCT measurement,
especially for measurements <450 µm. Contrary to this, in our
study we found that the Orbscan IIz overestimated the CCT
by an average of 4 μm. Several other studies have shown lower
CCT measurements with AS‑OCT when compared to Pentacam
or Orbscan.[35] In our study, HHSD‑OCT gave significantly
higher CCT readings compared to the other instruments. The
CCT measurement using OCT has the advantage of measuring
the true corneal thickness from the anatomic anterior to the
posterior corneal surface. However, as the measurements are
done manually using callipers, small errors in placement of
callipers may lead to large differences in the readings. There
may be an interobserver error in pinpointing the exact location
of the center of the cornea leading to a decrease in the accuracy
of measurement.
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This study found that the HHSD‑OCT, Orbscan IIz,
Pentacam, and SS‑OCT have highly repeatable measurements
of the CCT in keratoconic eyes. High repeatability
in keratoconic eyes, with an interclass correlation
coefficient (ICC) of 0.980 and 0.963 has also been reported
by Szalai et al.[36] Our results showed a similar intraobserver
repeatability (ICC = 0.998, 0.998, 0.9922, and 0.9837) for
CCT measurements by Pentacam, SS‑OCT, Orbscan IIz, and
HHSD‑OCT in keratoconic eyes.
Although there have been multiple studies that have
studied the comparability of CCT measurements by different
instruments, this is the first study to use the HHSD‑OCT for
pachymetry measurement in keratoconic eyes and compare it
to three other instruments.
The limitations of this study are: First, all the measurements
were done by a single examiner; even though this eliminated
the risk of interobserver error, it may contribute to a bias in
readings. Second, the pachymetry was measured at the center
of the cornea and not at the thinnest point which may have
been away from the center since the thinnest point could not
be precisely marked with the OCT devices. Third, the sample
size was relatively small and lastly we did not compare our
measurements to USP, which is considered the gold standard
for measurement of the CCT.

Conclusion
There was a significant difference in the measurements
derived from the four devices and hence they cannot be
used interchangeably for CCT measurements in keratoconus
patients. Further studies which compare the HHSD‑OCT to
USP in normal eyes may validate the usefulness and reliability
of this instrument for the measurement of CCT.
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