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PURPOSE: To compare the anterior segment measurements provided by 3 Scheimpflug tomogra-
phers and a Placido corneal topographer.

SETTING: Private clinical ophthalmology practice.

DESIGN: Evaluation of diagnostic test or technology.

METHODS: In a sample of 25 consecutive patients having either refractive or cataract surgery, the
anterior eye segment was analyzed by means of a rotating Scheimpflug camera (Pentacam), 2 de-
vices with a Scheimpflug camera combined with a Placido disk (Sirius and TMS-5), and a Placido
disk corneal topographer (Keratron). Measurement results were compared using analysis of
variance. Agreement was assessed using Bland-Altman plots.

RESULTS: The mean simulated keratometry (K) was different between the 4 instruments (P<.0001),
with Keratron providing the highest value (44.43 diopters [D] G 1.28 [SD]). The Pentacam and
Sirius provided the lowest values (44.05 G 1.21 D and 44.05 G 1.27 D, respectively), without
statistical difference (posttest). The mean posterior corneal power and minimum corneal thickness
were statistically different between the 3 Scheimpflug cameras (P<.0001 and PZ.0210, respec-
tively); 95% limits of agreement, however, were narrow for posterior corneal power and large for
corneal thickness. The only 2 devices measuring the distance between the corneal endothelium
and the anterior lens surface showed a statistically but not clinically significant difference
(2.90 G 0.48 mm and 2.94 G 0.47 mm, respectively). There were no statistically significant
differences in anterior corneal asphericity between the 4 instruments.

CONCLUSION: Although the measurements of some parameters by different instruments were
similar, caution is warranted before using them interchangeably.

Financial Disclosure: No author has a financial or proprietary interest in any material or method
mentioned.
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The Scheimpflug principle allows documentation of
an object that is not parallel to the lens and image
planes of a camera, such as the anterior eye segment
imaged by slitlamp photography, with the maximally
possible depth of focus and minimal image distortion.
In the human eye, Scheimpflug cameras provide
focused images from the anterior corneal surface to
the posterior lens surface.1

The Scheimpflug principle was introduced in oph-
thalmology in the 1960s,2 and the first instruments
(EAS 1000, Nidek Co. Ltd.; SL-45, Topcon Corp.)
were made commercially available at the end of the
1980s.3,4 However, the first Scheimpflug camera that
d ESCRS

ier Inc.
gained wide clinical popularity was the Pentacam
(Oculus Optikger€ate GmbH), which was introduced
in 2002 and included software to analyze the captured
cross-sectional images and transform them into
a 3-dimensional model and related quantitative mea-
surements (eg, anterior and posterior corneal curva-
ture, central and peripheral corneal thickness,
anterior chamber depth and volume) that could aid
the anterior segment surgeon. Many studies have
reported clinically acceptable repeatability of the
automatic measurements obtained with this instru-
ment for most parameters.5–12 More recently, in 2007,
another instrument was introduceddthe Galilei
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dual-Scheimpflug analyzer (Ziemer Group); this
device combines 2 Scheimpflug cameras and a Plac-
ido-disk topography system and has also been shown
to provide repeatable measurements.13,14 Finally, 2 in-
struments that have a single Scheimpflug camera and
a Placido diskdthe Sirius (Costruzione Strumenti Of-
talmici) and TMS-5 (Tomey Corp.)dwere developed.
To our knowledge, there are no published studies of
these devices.

The present study compared the automatic mea-
surements provided by the Pentacam device; those
provided by the 2 newest Scheimpflug cameras, the
Sirius and TMS-5; and those provided by a validated
Placido disk-based corneal topographer (Keratron,
Optikon 2000 SpA).

PATIENTS AND METHODS

A sample of consecutive patients having preoperative analy-
sis for refractive or cataract surgery was prospectively en-
rolled on condition that each eye was imaged by all 4
devices; that is, the Pentacam (rotating Scheimpflug device),
Sirius (Scheimpflug–Placido device S), TMS-5 (Scheimpflug–
Placido device T), and Keratron (Placido topographer). All
measurements were taken by the same ophthalmologist be-
tween 10 AM and 4 PM to minimize diurnal change. The study
was performed in accordance with the ethical standards
stated in the 1964 Declaration of Helsinki and approved by
the local clinical research ethics committee. All patients pro-
vided informed consent.

Of the parameters measured by the 4 instruments, this
study compared the simulated keratometry (K) obtained
by converting the measured radius into diopters (D) using
the standard keratometric refractive index of 1.3375 and
the corneal asphericity (measured as the Q value at
8.0 mm). The following were calculated for the Scheimpflug
systems only: posterior corneal power (calculated with the
refractive index of 1.376 for the cornea and of 1.336 for the
aqueous), the anterior-to-posterior corneal curvature ratio
(calculated as the mean of each eye's individual ratio), the
thinnest corneal thickness, and the distance between the
corneal endothelium and the anterior lens surface, which is
defined as the “internal anterior chamber” in the rotating
Scheimpflug device and as the “aqueous depth” in Scheimp-
flug–Placido device S.

For each instrument, measurements were performed ac-
cording to the manufacturer's guidelines. Each device was
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brought into focus, and the patient's eye was aligned along
the visual axis by a central fixation light. Patients were in-
structed to blink completely just before each measurement.
The following paragraphs briefly report the technical fea-
tures of all devices evaluated.
Pentacam
The Pentacam is a rotating Scheimpflug camera with a slit
light that successively illuminates 25 meridional slits
through the cornea while rotating for each slit by 1/25 of
360 degrees around the apex. The cells of the cornea disperse
the light diffusely. Thus, the anterior and posterior surfaces
of the cornea can be detected. This allows calculation of the
corneal radii for each point on the topographic surface
map. Via triangle calculation, topographic data are
computed. Scans were repeated if the quality specification
provided by the instrument was other than “OK.” Software
version 1.17 was used in this study. The following measure-
ments were evaluated: mean simulated K (calculated from
the anterior corneal radius measured at 3.0 mm), mean
posterior corneal power, thinnest corneal thickness, and
distance between the corneal endothelium and the lens.
Sirius
The Sirius combines a rotating Scheimpflug camera and
a small-angle Placido-disk topographer with 22 rings. The
scanning process acquires a series of 25 Scheimpflug images
(meridians) and 1 Placido top-view image. The ring edges
are detected on the Placido image so that height, slope,
and curvature data are calculated using the arc-step method
with conic curves. The profiles of anterior cornea, posterior
cornea, anterior lens, and iris are derived from the Scheimp-
flug images. Data for the anterior surface from the Placido
image and the Scheimpflug images are merged using a pro-
prietary method. All the other measurements for internal
structures (posterior cornea, anterior lens, and iris) are de-
rived solely from Scheimpflug data. Analysis of present
data was performed using software version 1.0 and included
mean simulated K (calculated by averaging the axial curva-
ture from the fourth to the eighth Placido ring), posterior cor-
neal power, thinnest corneal thickness, and distance between
the corneal endothelium and the lens.
TMS-5
The TMS-5 uses a combination of a rotating Scheimpflug
camera and a wide-angle Placido ring topographer (with
31 rings). It first captures the ring topography and then the
32 slit-scan images. The 2 acquisition steps are separate,
and the data are merged at the end of the examination.
Keratron
The Keratron is a wide-angle Placido-disk corneal topog-
rapher that uses an arc-step algorithm to reconstruct the cor-
neal profile as a series of arcs that would reflect the rays from
the mires to the keratoscope's lens.15 The instrument illumi-
nates the cornea via a wide-angle cone that projects 26
equally spaced rings to cover almost the entire cornea from
a radius of 0.165 mm for the first ring to a radius of
4.29 mm for the last ring. Similar to all topographers, the
Keratron derives curvature data from the measured dis-
tances between the rings projected onto the cornea; specifi-
cally, the simulated K is calculated as the mean between
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the power of the flattest meridian at the 3.0mmdiameter and
the power of the meridian 90 degrees away from it, indepen-
dently from its curvature; therefore, the latter is not the
steepest meridian.
Statistical Analysis
For patients having bilateral surgery, only the right eye
was considered for statistical purposes. The level of agree-
ment between the 4 instruments was evaluated according
to the method described by Bland and Altman,16 who
suggest plotting the differences between measurements
(y-axis) against their mean (x-axis). Bland and Altman plots
allow evaluation of systematic difference between measure-
ments (ie, fixed bias). The mean difference is the estimated
bias, and the standard deviation (SD) of the differences mea-
sures the random fluctuations around this mean. If the mean
value of the difference differs significantly from 0, as deter-
mined on the basis of a 1-sample t test, it indicates a fixed
bias. The 95% limits of agreement (LoA) were defined as
the meansG 2 SD of the differences between the 2 measure-
ment techniques. Further statistical analyseswere performed
using Graphpad Instat for Macintosh software (version 3a,
Graphpad Software). Mean values were compared by
repeated-measures analysis of variance with the Bonferroni
posttest. In case of nonparametric data, the Friedman test
was used and if only 2 measurements were compared, the
paired t test was performed. A P value less than 0.05 was
considered statistically significant.

RESULTS

Twenty-five eyes of 25 patients (mean age 57.9 years
G 21.2 [SD]) were enrolled. Table 1 shows the results
of the comparative analysis.

The mean simulated K was significantly different
between the 4 instruments (P!.0001). The Placido to-
pographer produced the highest mean value and the
rotating Scheimpflug device and Scheimpflug–Placido
device S, the lowest. Post-test analysis showed no sta-
tistically significant differences between the rotating
Scheimpflug device and Scheimpflug–Placido device
S or between Scheimpflug–Placido device T and the
Placido topographer. The 95% LoA between the
rotating Scheimpflug device and Scheimpflug–Placido
Table 1. Mean values of the parameters measured by the 4 devices.

Parameter Pentacam

Sim K (D) 44.05 G 1.21 4
Posterior corneal power (D) �6.32 G 0.20 �
Anterior to posterior corneal curvature ratio 1.22 G 0.02
Corneal pachymetry, thinnest point (mm) 547.84 G 28.26 55
Distance between corneal endothelium
and anterior lens surface (mm)

2.90 G 0.48

Anterior Q value (at 8.0 mm) �0.24 G 0.15 �

NS Z not significant; Q Z corneal asphericity; Sim K Z simulated keratometry
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device S (from�0.59 toC0.59 D), between the rotating
Scheimpflug device and Scheimpflug–Placido device
T (from �0.74 to C0.28 D), and between Scheimp-
flug–Placido device T and the Placido topographer
(from �0.30 to C0.75 D) were relatively small. Larger
95% LoA were calculated between the rotating
Scheimpflug device and the Placido topographer
(from �1.14 to C0.38 D), between Scheimpflug–
Placido device S and the Placido topographer (from
�1.06 to C0.31 D), between Scheimpflug–Placido
device S and Scheimpflug–Placido device T (from
�0.89 toC0.42 D). Figure 1 shows Bland-Altman plots
with 95% LoA for simulated K measurements.

A statistically significant difference was detected in
the mean posterior corneal power values (P!.0001),
with steeper values for the rotating Scheimpflug de-
vice and flatter values for the 2 Scheimpflug–Placido
devices; posttest analysis did not detect a statistical
difference between the latter 2 devices. The clinical
relevance of these findings, however, seems negligible
because the 95% LoA were narrow in all cases: from
�0.31 to C0.12 D between the rotating Scheimpflug
device and Scheimpflug–Placido device S, from
�0.26 to C0.10 D between the rotating Scheimpflug
device and Scheimpflug–Placido device T, and from
�0.15 to C0.19 D between Scheimpflug–Placido
device S and Scheimpflug–Placido device T.

The differences in measured anterior and posterior
corneal curvature between the 3 Scheimpflug
cameras produced statistically significantly different
mean ratios between the anterior radius and the
posterior radius (P!.0001). The ratio was higher
with rotating Scheimpflug device, whereas posttest
analysis did not detect significant differences between
Scheimpflug–Placido device S and Scheimpflug–
Placido device T.

Mean pachymetric measurements relative to the
thinnest point were statistically significantly different
(PZ.0210); posttest analysis shows that the only signif-
icant difference was detected between Scheimpflug–
Mean G SD

P ValueSirius TMS-5 Keratron

4.05 G 1.27 44.28 G 1.25 44.43 G 1.28 !.0001
6.22 G 0.21 �6.24 G 0.19 d !.0001
1.19 G 0.02 1.19 G 0.02 d !.0001
4.96 G 35.06 530.60 G 29.27 d .0210
2.94 G 0.47 d d .0003

0.22 G 0.14 d �0.20 G 0.14 NS
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Figure 1. Bland-Altman plots for simulated K measurements by the 4 devices. The difference is plotted versus the mean. The dotted lines show
the 95% LoA. The bold horizontal line shows the mean value of the differences.
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Placido device S, which gave the thickest mean value,
and Scheimpflug–Placido device T, which gave the
thinnestmean value. The 95%LoAwere large between
Scheimpflug–Placido device S and Scheimpflug–
Placido device T (from �20.30 to C69.02 mm) and
between Scheimpflug–Placido device S and the rotat-
ing Scheimpflug device (from �34.63 to C48.87 mm)
and narrower between Scheimpflug–Placido device
T and the rotating Scheimpflug device (from �41.19
to C6.71 mm).

There was also a statistically significant difference in
the mean distance between the corneal endothelium
and the anterior lens surface measured by the rotating
Scheimpflug device and Scheimpflug–Placido device S
(PZ.0003). The Scheimpflug–Placido device T does
not provide an automatic measurement of this dis-
tance. Nevertheless, such a small difference is not clin-
ically meaningful and, given that the 95% LoA were
small (from �0.10 to C0.04 mm), the results of the ro-
tating Scheimpflug device and Scheimpflug–Placido
device S can be considered clinically equivalent.
J CATARACT REFRACT SURG - V
No statistically significant between-device differ-
enceswere observed in the anterior corneal asphericity
at 8.0 mm.
DISCUSSION

This study found that different instruments, sharing in
some cases the same technology and devoted to
measuring the same parameters, produced different
results. Therefore, many of their measurements cannot
be considered interchangeable. The greatest differ-
ences andpoorest agreementwere found for simulated
K and corneal pachymetry. Other parameters, such as
posterior corneal power and the distance between the
corneal endothelium and the anterior lens surface,
showed statistically significant differences that may
not be clinically significant. The only parameter that
did not show a statistically significant difference was
the asphericity of the anterior corneal curvature.

The mean simulated K calculated by the conven-
tional corneal topographer (Keratron) was higher
OL 37, SEPTEMBER 2011
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than the corresponding value produced by the 3
Scheimpflug-based systems, including those com-
bined with Placido-disk technology. The difference
was more evident between the Keratron topographer
on 1 side and the Pentacam device and Sirius device
on the other side. The latter devices also showed the
poorest agreement with corneal topography; the
Bland-Altman plots showed that a difference of up
to about 1.50 D could be expected in 95% of eyes.
The smallest difference between the 4 instruments
was observed between the Sirius and Pentacam de-
vices, which measured the same mean value and
showed narrow 95% LoA (from �0.59 to C0.59 D).
The mean simulated K value measured by the TMS-5
device was the average of the 4 instruments.

The difference between Keratron and Pentacam de-
vices was similar to that reported by Kawamorita
et al.,7 who also found higher mean values for the cor-
neal topographer. Conversely, the results in the pres-
ent study do not fully agree with those previously
reported by our own group because we did not find
a statistically significant difference between the mean
simulated K of the 2 devices, although in both studies
we calculated a large 95% LoA.17 The reason for such
a discrepancy is not clear. It may be because the 2 anal-
yses were performed on 2 different samples, which
might have had a different prevalence of dry eye,
which is known to influence the corneal reflection of
Placido rings and might have influenced our
results.18,19 Further studies should be performed to
explore the performance of Scheimpflug and Placido
technologies in eyes with tear deficiency. Other possi-
ble explanations that cannot be excluded may be
related to differences in alignment effect (if the popu-
lations had different mean cylinder) and in device
calibration.

Taken together, these results lead us to suggest the
following: (1) Simulated K measurements by the
standard Placido corneal topography and Scheimp-
flug imaging devices examined are not interchange-
able. (2) Simulated K measurements by the Pentacam
and Sirius devices may be considered interchangeable,
although agreement may be population specific and
should be confirmed by studies with larger samples.
(3) Given that simulated K is usually adopted for intra-
ocular lens power calculation, the differences between
the various devices make constant optimization neces-
sary when interchanging instruments to measure cor-
neal power.

Posterior corneal power measurements were statis-
tically different between the 3 Scheimpflug cameras.
The Pentacam device produced steeper values than
the Sirius and TMS-5 devices. However, the differ-
ence was low (%0.1 D) and, given the narrow 95%
LoA, not clinically significant. The mean power of
J CATARACT REFRACT SURG - V
the posterior corneal surface measured by the Penta-
cam device in this study (�6.32 G 0.20 D) is equal
to that measured by a dual Scheimpflug analyzer in
a previous study of healthy eyes (�6.32 G 0.24 D)14

and to that measured with the Pentacam device by
Ho et al.20 (�6.32G 0.28 D); very close measurements
with the Pentacam device were also reported by
Hashemi et al.21 (�6.22 G 0.30 D) and Jin et al.22

(6.22 G 0.24 D).
The ratio of the anterior-to-posterior radius mea-

sured by the 3 Scheimpflug cameras was slightly
(but significantly) different. The ratio obtained with
the Pentacam device (1.22 G 0.02) is the same as that
previously reported for the same device.14,17 The ratio
obtained with Sirius and TMS-5 devices (1.19 G 0.02
for both) is lower and is related to the larger posterior
radius measured in the present studywith both instru-
ments. However, the values obtained with the newest
Scheimpflug cameras are close to those reported by
other authors who used different technologies.23–25

Corneal thickness measurements yielded statisti-
cally and clinically significant differences between
the 3 Scheimpflug cameras. The greatest difference
and poorest agreement was between the Sirius and
the TMS-5 devices; the mean measurements with
Sirius were 24 mm thicker than those with TMS-5.
The agreement was also poor between the Sirius and
the Pentacam instruments (95% LoA from �34.63 to
C48.87 mm), although the difference between the
mean values of the 2 devices was not statistically sig-
nificant. Slightly better agreement was found between
TMS-5 and Pentacam devices. Thus, we suggest cau-
tion before using their measurements interchangeably.

It is not possible to state which is the most accurate
Scheimpflug camera for corneal pachymetry. Ultra-
sound (US) pachymetry has always been considered
the gold standard for corneal thickness assessment,
and previous studies of healthy eyes have shown
good agreement between US pachymetry and the
Pentacam measurement, with slightly thinner values
provided by the latter in most cases.26–28 In these
eyes, therefore, the difference between US measure-
ments and Pentacam measurements would seem to
have little clinical relevance and, accordingly, it has
been suggested that the 2 technologies can be used
interchangeably in such cases.29 Unfortunately, com-
parative data between US pachymetry and that mea-
sured with the Sirius and TMS-5 devices are lacking.
However, because the Pentacam device is reported
to underestimate corneal thickness slightly with re-
spect to US pachymetry and the Sirius device provided
slightly higher measurements than the Pentacam de-
vice, it may be postulated that Sirius and US pachyme-
try measurements have good agreement, which can be
confirmed in further studies.
OL 37, SEPTEMBER 2011
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Measurements of the distance between the corneal
endothelium and the anterior surface of the lens by
the Pentacam and Sirius devices showed little differ-
ence and good agreement. Thus, based on this study,
the measurements can be considered interchangeable.

The last parameter evaluated in this study was the
asphericity of the anterior corneal surface. This was
measured by all instruments except the TMS-5. The
mean Q values at 8.0 mm were not statistically differ-
ent and ranged from �0.20 to �0.24. These values are
close to the mean Q-value (�0.26) calculated by Budak
et al.30 in an analysis of several previous studies.

This study has limitations. First, a larger sample size
mighthave led to slightlydifferent results;we couldnot
enroll more eyes because we had use of the TMS-5 for
a limited period of time. Second, the Sirius device
(whose measurements have shown excellent repeat-
ability in a paper that has just been accepted for publi-
cation31) and the TMS-5 device have not yet been fully
validated. Third, we did not include in our analysis all
the parameters provided by these instruments, such as
the true net power, the equivalent K reading and the
total refractive power (Pentacam), the mean pupil
power (Sirius), and the real power (TMS-5). Each of
these calculated values deserves a specific study.
Fourth, these results can be applied only to unoperated
normal eyes because we did not include eyes with
previous refractive surgery or keratoconic eyes.

In conclusion, we found that the 3 Scheimpflug to-
mographers and the corneal topographer provided
measurements that in many cases cannot be consid-
ered interchangeable. The main exceptions (ie, data
that can be considered interchangeable) seem to be
the simulated K of the Sirius and Pentacam devices;
the posterior corneal power of the Pentacam, Sirius,
and TMS-5 device; the distance between the corneal
endothelium and the lens of the Sirius and Pentacam
devices; and the Q values of Sirius, Pentacam, and
Keratron devices.
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