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ABSTRACT: 

The purpose of this work is to evaluate the repeatability and concordance of the Oculus Pentacam 
system when using it for measuring several parameters of the anterior segment of the eye and to 
check whether this device can substitute a standard corneal topographer in the measurement of the 
corneal first surface. Reliability has been assessed using 10 successive measurements in two eyes 
taken by a single examiner. Within-observer and between-observer concordance measurements 
have been performed on 21 emmetropic and ametropic eyes without ocular pathology. Intraclass 
correlation coefficients (ICC) have also been calculated. To evaluate the interchangeability 
between the Oculus Pentacam and the Humphrey Atlas reflection corneal topographer, 22 eyes 
have been measured with two different systems, and differences between devices have been 
represented by the Bland-Altman method. The reliability study shows values lower than 5% for 
the coefficient of variation. Within-observer concordance for all variables measured was higher 
than 95%. Between-observer concordance is also generally good. The performed comparative 
study shows that Oculus Pentacam and Humphrey Atlas systems do not provide completely 
equivalent measures of the first corneal surface. The Oculus Pentacam system shows a good 
within-observer and between-observer concordance for the measurements provided by the 
system. Pentacam and Atlas systems are not completely interchangeable. Depending on the 
specific measured variable, differences between systems are statistically and could be clinically 
relevant. 

Palabras clave: Concordance, Corneal Topography, Optical Aberrations, Reliability Study, 
Scheimpflug Imaging, Zernike Coefficients. 
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1. Introduction 
In recent years different systems have been 
developed to analyse and characterise the anterior 
segment of the eye. The correct descryption of the 
anterior segment, from an optical point of view [1-
4] is essential for practicing, planning and later 
monitoring refractive or cataract surgery. It is also 
extremely useful in other research and clinical 
techniques such as corneal refractive therapy, 
contact lens practice, detection, evaluation and 
follow-up of glaucoma, keratoconus and other 
corneal pathologies whose diagnosis has much 
improved with the latest topographic systems [5]. 

Oculus Pentacam [6] is a Scheimpflug imaging 
system that provides a three-dimensional model of 
the eye’s anterior segment where the posterior 
corneal surface and the anterior crystalline lens 
surface are calculated by ray tracing, compensating 
the optical and geometrical distortion of the system 
itself. Based on this model, the system provides the 
pachymetry and topography of both corneal 
surfaces. Anterior segment examination also 
comprises a three-dimensional analysis of the 
anterior chamber: anterior chamber angle –
extrapolated from the regions around the angle, 
volume and depth. When the pupil is sufficiently 
dilated, the densitometry and central thickness of 
the crystalline lens can also be obtained.  

Several authors have performed clinical studies 
on the accuracy, validity and reliability of the 
Oculus Pentacam system aimed at comparing it 
against other validated methods [7-11]. These 
studies have focused on assessing different systems 
for measuring anterior chamber parameters volume, 
depth and chamber angle or central corneal 
thickness. Peripheral corneal thickness 
measurements are those that most differ between 
Pentacam and other systems [12]. Other authors 
have compared anterior chamber depth 
measurements obtained in two different 
populations: aphakic and pseudoaphakic [13], in 
normal corneas and in the presence of keratoconus 
[14], and posterior corneal elevation after LASIK 
and PRK [15,16] procedures both in normal 
keratoconic corneas. Chen and Lam [17] have 

studied intrasession and intersession repeatability of 
the Pentacam on posterior corneal assessment in 
normal eyes. Another recent study [18] has tested 
and quantified the reliability of automated 
Pentacam corneal curvature and anterior chamber 
parameters. 

We have found only one previous work [19] that 
have compared corneal measurements obtained 
with the Pentacam to other commonly used systems 
in order to asses if these can be used 
interchangeably.  Specifically, the authors 
compared corneal curvature measurements of three 
modalities: Scheimpflug camera, automated 
keratometry and IOL Master.  

The aim of this study is to review the 
performance of this device when used in normal 
human eye and explore whether surface data of the 
first corneal surface using Scheimplflug principle 
can supply data obtained from a standard 
topographer. 

In our study we asses repeatability of several 
parameters and we selected those that can be 
reproduced and compared with the Atlas. These 
parameters are steepest and flattest first corneal 
powers and the corneal first surface heights through 
decomposition in Zernike polynomials. 

 

2. Subject, materials and methods 
2.1. Subjects 

For this study, 21 emmetropic and ametropic 
subjects (11 women and 10 men with a mean age of 
37.2 years±7.4SD, age range 25-48 years) without 
ocular pathology were selected. Mean spherical 
refraction was 0.56D±1.04SD). Contact lens users 
and patients having undergone ocular surgery were 
excluded, as well as any irregular corneal 
astigmatism. Subjects taking part in this study were 
selected from among staff and students of the 
School of Optics and Optometry of the University 
of Alicante who met the above selection criteria. 
We adhered to the tenets of the Declaration of 
Helsinki during this study. All participants were 
informed about the nature and purpose of the study 
and all provided informed consent. All 
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examinations were performed by two experienced 
examiners in corneal topographers.  

2.2 The Pentacam system 

Oculus Pentacam is a system that captures multiple 
images of eye’s anterior segment. It has been 
designed to rotate around the visual axis of the eye 
capturing 50 images maximum and analysing 500 
elevation data for each capture. In our study we 
have selected 25 images per scan and Pentacam’s 
automatic release mode. The system permits 
exporting raw data of corneal heights and point to 
point corneal pachymetry, thus allowing external 
analysis of corneal curvatures. 

2.3 Testing methodology and analysis 

For studying the repeatability of the Oculus 
Pentacam system, a single examiner (BD) 
performed 10 successive measurements for each 
eye of a single person under identical conditions. 
The time elapsed between measurements was 
approximately 1 minute (the system requires 15 
seconds to calculate the data obtained in each 
measurement). In order to guarantee independence 
between successive measurements the system was 
completely removed from the patient to later 
realign and place it in the appropriate plane. The 
obtained data were used to calculate the coefficient 
of variation -CV- defined as the standard deviation 
of the measurements divided by its mean, for the 
variables obtained with the Pentacam: corneal 
powers of the first corneal surface and specifically 
powers of the flattest and steepest meridians (K1, 
K2), iridocorneal angle (ICA), anterior chamber 
depth (ACD) and volume (ACV), and apex 
pachymetry (CCT).  

To assess the concordance – coincidence between 
multiple measures of the same variable - both 
within-observer concordance and between-observer 
concordance were set. For calculating within-
observer concordance an examiner (BD) took three 
consecutive measurements in 21 eyes of 21 
participants, The intraclass correlation coefficient 
[20,21] ICC is used. The ICC is a relatively simple 
statical procedure used to determine the 
reproducibility of a measurement of a variable. This 
correlation is based on variance components 
analysis and calculated by: 

 
( ) T

TB

SSm
SSmSSICC

1−
−

=
 (1) 

were m is the number of observations per subject, 
SST the total sum of squares (the total variance) and 

SSB the sum of squares between subjects (between 
class variance). 

The maximum value of the ICC is 1 and the 
minimum value is 0 and according to the 
classification proposed by Fermanian, concordance 
is excellent for ICC>0.91, good for ICC range 
between 0.90-0.71, moderate for ICC range 
between 0.70-0.51 fair for ICC between 0.50-0.31 
and bad for ICC<0.30.  

To assess between-observer concordance, a 
different examiner (DM) took the same three 
consecutive measurements in the same group of 21 
eyes. The mean values of the three measurements 
taken in each eye by each examiner were compared. 
Having two values for each variable, corresponding 
to the mean values obtained by two different 
observers ICC was calculated. 

Finally, in order to compare the Oculus Pentacam 
system and the Humphrey Atlas reflection corneal 
topographer in corneal surface characterisation, 
measurements were taken in 22 eyes belonging to 
11 subjects with the two different devices in order 
to check if these systems are interchangeable. 
Humphrey Atlas is a corneal topographic system 
based on keratometric principle with a small 
Placido cone with 22 rings. Using the cornea as a 
convex mirror the system captures an image with 
the position of the reflected rings, that it analyses 
and computes as colour coded map. Focusing and 
alignment are performed manually. Subjects were 
asked to blink before each measurement. The Atlas 
system has been chosen as a reference test since, 
due to the lack of a gold standard, different works 
consider it to be one of the most reliable corneal 
topographers [22,23]. 

In this last study, an additional criterion was 
included for subject selection: corneal topography 
with the Atlas Humphrey system should have a 
minimum diameter of 6 mm in order to avoid 
incomplete areas in the upper part of the reflection 
topography and allow a better comparison with 
Pentacam data. Hence, a new set of trained 
observers was used here. The interchangeability of 
the two systems was graphically represented by the 
Bland Altman method [24]. The Bland Altman plot 
shows the differences of two measurements against 
its mean, allowing the analysis of the magnitude of 
the discrepancies between each pair of observations 
and the relation with the measurement magnitude. 

The Atlas Humphrey topographer computes 
curvature of the first corneal surface. In order to 
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compare corneal surfaces measured with both 
devices we have selected steepest and flattest 
meridional powers and the RMSs of the Zernike’s 
coefficients [25,26] of the surface obtained from 
both systems for three different diameters -3 mm, 5 
mm and 6 mm 

Zernike polynomial expansion of the corneal 
surface was performed by analysing each elevation 
data matrix and obtaining the Zernike coefficients 
for each measurement. Corneal surface coefficients 
were preferred to those describing the distortion 
created on the wavefront passing through the 
cornea since both are directly related and the former 
provide a better description of the geometrical 
surface. Moreover, notice that wavefront emerging 
from the first surface is affected by the index of the 
posterior medium. In this sense, Pentacam uses an 
estimation of the real corneal index while Atlas 
considers a keratometric refractive index and 
optical paths derived from are not directly 
comparable. 

Calculation of Zernike coefficients from corneal 
topographies was performed using MATLAB® 
(v.7.0). Normality of all variables was verified with 
the Kolmogorov-Smirnov test. All p-values 
obtained in the concordance study indicated that the 
data followed a normal distribution (p>0.05) except 
for the Pentacam high order RMS obtained for a 3 
mm pupil diameter.  

Statistical analysis of the data was performed 
with statistical package SPSS® for Windows (V. 
11.5); MEDCALC® for Windows (v.9) package 
was used for the Bland-Altman graphics. 

 

3. Results 
Table I shows the repeatability study results. The 
coefficient of variation (CV) for 10 successive 
measurements in 2 eyes varies depending on the 
variable studied, but in all cases a good 
repeatability is observed with a mean coefficient of 
variation lower than 5%. As it is observed, the 
greatest variations are found in the iridocorneal 
angle, ICA, with a mean CV of 4.02%, and in the 
anterior chamber volume, ACV, with a mean CV of 
2.71%, whereas the smallest variability belongs to 
the corneal powers (0.43% and 0.24% CV for K1 
and K2 respectively). 

 

 

TABLE I 
Coefficient of variation values for the variablesa obtained 

with the Oculus Pentacam system. 

Eye K1  K2  ICA  ACD  ACV CCT 
D 0,64 0,15 4,15 0,85 3,33 1,48 
I 0,22 0,32 3,88 0,90 2,08 0,96 

media 0.43 0.24 4.02 0.88 2.71 1.22 
a Curvature of the corneal first surface in the flattest (K1) 
and steepest (K2) meridian, iridocorneal angle (ICA), 
anterior chamber depth (ACD) and volume (ACV), and 
central corneal thickness (CCT). 

 

The within-observer concordance study is shown, 
along with the mean values and SD of the three 
measurements, in Table II. The ICC for all 
measured variables was higher than 95%. In all 
cases, within-observer concordance, according to 
the classification proposed by Fermanian [27], was 
rated as very good. 

Table III shows the intraclass correlation 
coefficient (ICC) results for between-observer 
concordance, along with the mean values and 
standard deviation obtained by each examiner. The 
best concordance values correspond, as in the 
previous cases, to the corneal powers and the 
anterior chamber depth.  

Comparative study between Pentacam and Atlas 
is presented in Table IV. It shows the mean values 
of K1, K2 and RMSs and their standard deviations 
measured with both systems for the group of 11 
observers (n=22).  

Interchangeability has been studied graphically 
by the Bland-Altman method (Figure 1), 
representing for four variables-K1, K2, RMS Lo 
and RMS HI, both for 5mm- the differences 
between the two systems: Oculus Pentacam and 
Atlas Humphrey. It may be inferred from the figure 
that the Oculus Pentacam system provides lower 
values than the Atlas for steepest and flattest 
meridional powers. It also provides lower values for 
5mm corneal RMSs. The figure also shows 
significantly wider confidence intervals for the 
differences in steepest and flattest powers. We have 
represented Bland Altman plots only for 5mm 
because, on the one hand, the normality of high 
order 3mm RMS distribution measured with 
Pentacam could not be assumed. On the other, 
despite we established as inclusion criterion that all 
topographies must be complete within a diameter of 
6 mm, calculation artifacts made that five eyes have 
some missing points at this diameter. 
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TABLE II 
Mean values and standard deviation of the three measurements performed by examiner BD. Intraclass correlation coefficient 

(ICC) and confidence intervals for the variables provided directly by the system a. 

 First 
measurement 

Second 
measurement 

Third 
measurement ICC 95%CI  

K1 (D) 42.18±1.84 42.25±1.78 42.16±1.81 0,986 0,971-0,994 

K2 (D) 43.22±1.97 43.15±2.01 43.22±1.94 0.990 0,980-0,996 

AIC (º) 38.49±6.42 37.92±5.83 38.42±6.65 0,948 0,897-0,977 

ACD (mm) 2.91±0.41 2.91±0.39 2.91±0.40 0,998 0,995-0,999 

ACV (mm3) 167.62±43.61 164.70±41.58 161.99±40.53 0,990 0,965-0,996 

CCT (μm) 545.91±23.95 544.38±24.40 546.00±22.92 0,964 0,929-0,984 
 

a Curvature of the corneal first surface in the flattest (K1) and steepest (K2) meridian, iridocorneal angle (ICA), anterior 
chamber depth (ACD) and volume (ACV), and central corneal thickness (CCT). 

 

 

TABLE III 
Mean values and standard deviation of the measurements performed by examiners BD and DM. Intraclass correlation 

coefficient (ICC) and confidence intervals for the variables studied a. 

 Examiner BD Examiner DM ICC 95%CI 

K1 (D) 42.20±1.80 42.21±1.84 0.997 0.993-0.999 

K2 (D) 43.20±1.97 43.18±1.94 0.998 0.995-0.999 

AIC (º) 38.32±6.22 37.69±6.34 0.965 0.9110.986 

ACD (mm) 2.91±0.40 2.90±0.41 0.997 0.992-0.999 

ACV (mm3) 164.66±41.77 159.46±42.63 0.974 0.910-0.991 

CCT (μm) 545.32±23.45 544.49±23.16 0.988 0.971-0.995 
 

a Curvature of the corneal first surface in the flattest (K1) and steepest (K2) meridian, iridocorneal angle (ICA), anterior 
chamber depth (ACD) and volume (ACV), and central corneal thickness (CCT). 
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Fig. 1. Graphical analysis of the data by the Bland Altman method: differences in the variables studied between  

the two systems used 

 

TABLE IV 
Mean values and standard deviation of the measurements performed with the two systems (Pentacam and Atlas)a. 

 Pentacam Atlas 

K1 (D) 41.51±1.61 42.12±1.64 

K2 (D) 42.55±1.61 43.13±1.53 

RMS Lo 3 mm (μm) 0.0236±0.0009 0.0243±0.0009 

RMS Lo 5 mm (μm) 0.0665±0.0026 0.0679±0.0024 

RMS Lo 6 mm (μm) 0.0968±0.0039 0.1001±0.0040 

RMS Hi 3 mm (μm) 0.000050 ±  0.000009 0.000089±0.000017 

RMS Hi 5 mm (μm) 0.000204±  0.000034 0.000229±0.000052 
 

RMS Hi 6 mm (μm) 0.000350±0.000069 0.000286±0.000072 
 

a Curvature of the corneal first surface in the flattest (K1) and steepest (K2) meridian and root mean square of the low and 
high order Zernike coefficients (RMSLo) for the three diameters considered: 3, 5 and 6 mm. 
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4. Discussion 

Instruments used in a clinical setting must 
guarantee repeatable measurements, since the 
validity of the conclusions and clinical decisions 
derived from these depends on it. The validity of a 
measurement indicates the extent to which a test 
measures what it is intended to measure, whereas 
repeatability indicates the extent to which repeated 
measurements, taken under the same conditions, are 
similar to one another.  

Our results (Table II) show that the Oculus 
Pentacam system has a very good within-observer 
concordance for first corneal surface powers (K1, 
K2), iridocorneal angle (ICA), anterior chamber 
depth and volume (ACD, ACV) and central corneal 
thickness (CCT). Between-observer concordance 
showed in Table III is also generally good.  

The Oculus Pentacam system has been used in 
several clinical studies in order to determine their 
reliability. O’Donnell and Maldonado [7] found a 
good within-observer concordance in Pentacam 
readings for central corneal thickness (CCT) with a 
smaller sample of subjects. Our results based on 
three successive measurements, show lower 
concordance limits. Our results clearly agree with 
those obtained by Barkana et al. [8], with an 
intraclass correlation coefficient for the central 
corneal thickness (CCT) measured by two 
observers of 0.985 (the confidence interval limits 
obtained in our study are 0.971 and 0.995), and 
limits for their between-observer concordance 
between -10.2 μm and 11.9 μm. In a sample of 
normal subjects, Ucakhan et al. [14] obtain a 
similar CCT value (ICC 0.994; 95% CI 0.991-
0.997) than that obtained in our study (ICC 0,964; 
95% CI 0.929-0.984) for the intraclass correlation 
coefficient with three successive measurements. 
Our results for ACD and ACV are similar to those 
obtained by Rabsilber et al. [9] in a study 
investigating the mean values and SD obtained with 
the Oculus Pentacam system in 76 subjects 
according to age, as well as the correlation between 
different anterior chamber parameters. Nemeth et 
al. [13] also find, when using this system, similar 
values to ours for anterior chamber depth in a group 
of emmetropic phakic subjects.  

From a methodological perspective, the Zernike 
expansion of the corneal surface was preferred for 
assessing the reliability of corneal measurements, 

due to it being a standard corneal data fitting 
method as opposed to the comparison performed by 
other authors [15-17,28] of the best-fit sphere 
radius. Chen and Lam have recently studied the 
intrasession and intersession concordance of 
Pentacam in corneal second surface measurements 
comparing the best-fit sphere and the elevations for 
3 and 5 mm diameters. Ciolino and Belin have 
followed a similar methodology to compare 
changes in the posterior corneal surface before and 
after two refractive surgery systems (LASIK and 
PRK). The results of both studies are not 
comparable to ours, since our study compares 
corneal elevation matrices obtaining the Zernike 
coefficients for each measurement. Moreover, 
measurements providing an identical best-fit sphere 
(BFS) have been proved to produce different 
aberration coefficient (ABR) values, a coefficient 
that the Oculus Pentacam system calculates from 
the Zernike analysis. Methodology based on 
obtaining Zernike coefficients is therefore more 
sensitive to corneal surface irregularities. 

One important aspect of our methodology is the 
election of the intraclass correlation coefficient -
ICC- as the most appropriate index for assessing the 
agreement or disagreement between our 
measurements. However, there are still many 
studies that use the Pearson correlation coefficient, 
despite the fact that it only measures the strength of 
a linear relationship between two variables taking 
into account the degree of agreement observed but 
ignoring systematic differences. Also, in our study 
we have used the Bland Altman graphic analysis 
between the two measurement devices analyzed. In 
these cases, the representation has allowed us to 
point out clinically relevant differences- between 
the two systems compared. 

The results of our interchangeability study for the 
corneal variables obtained with the Oculus 
Pentacam system and those provided by the 
Humphrey Atlas corneal topographer, (see Bland 
Altman graphics in figure 1) show that Pentacam 
systematically calculates lower corneal power 
values -both K1 and K2- and the 5mm RMSs.  

An advantage of Bland Altman analysis is that it 
establishes whether the differences found are 
clinically relevant or not. In our comparative study, 
mean flat and steep powers obtained with the 
Oculus Pentacam system are, respectively, 0.61 D 
and 0.58 D lower than those taken with the Atlas 
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Humphrey corneal topographer. Concordance limits 
[-1.48, 0.25 D] for K1 and [-1.54, 0.38D] for K2 
indicate relevant differences from a clinical 
viewpoint [29, 30]. Therefore, the keratometric 
values obtained with both systems are not, 
according to this study, interchangeable. Our results 
are similar to those obtained by Elbaz et al. [19] in 
a study investigating the mean inter-device 
differences in keratometry for Pentacam vs IOL 
Master. 

Theoretically, the powers calculated through the 
anterior and posterior corneal curvatures 
(Scheimpflug camera) should coincide with the 
keratometric values provided by a corneal 
topographer. A recent work [31] observed that, in a 
study of 143 eyes, the mean corneal power 
estimated by the Pentacam was 1.3 D lower than 
that calculated by a Topcon topographer, with 
similar characteristics to the one used in our study. 
This difference may be explained by the fact that 
Pentacam considers both faces of the cornea, 
whereas topographers do not take into account the 
effect of the posterior surface. The cornea is 
assimilated as a single surface that separates air 
from a medium with an equivalent keratometric 
index. Historically, this equivalent value has been 
considered to be 1.3375, although recent studies 
[32] show that this value is likewise overestimated 
and values closer to 1.328 should be considered 
more adequate. In this sense, it is clear that 
comparative analysis of corneal heights instead of 
corneal powers is more adequate since no inference 
of different refractive index is allowed. 

The RMS of elevation data measurements 
obtained with the Pentacam are, respectively, 
0.00153μm (low order) and 0.000026μm (high 
order) lower than those taken with the Atlas. 
Observed difference can be due to the fact that 
Pentacam has an automatic shooting mode, while 
Atlas depends on the observer’s skill. In any case 
concordance limits [-0.00257, -0.00048 μm] for 
5mm RMS Lo and [-0.000110, 0.000057 μm] for 
5mm RMS Hi indicate high level of agreement 
between the devices in these parameters. 
Consequently, differences between RMS in our 
comparative study are clinically irrelevants. 

One of the limitations of reflection corneal 
topographers based on image analysis of Placido 
discs projected on the ocular surface (Atlas) is that, 
in order to place the central measurement camera, 

part of the corneal central area is not measured 
directly. Subsequently, the system extrapolates in 
that area and in other  incomplete areas in the upper 
part of the topographies due to shadows created by 
the nose, eyelids and eyelashes The good agreement 
for the RMS shows the right reconstruction 
algorithm based on the extrapolation on the image.  

The light disagreement observed between the two 
systems should not be surprising since the study 
compares instruments based on different principles. 
While the Humphrey Atlas system is based on 
keratometric principle, Pentacam is a slit lamp 
device and takes into account both corneal surfaces. 
Furthermore, Pentacam provides wider diameter 
topographies thanks to the camera being located on 
the temporal side, preventing shadows from the 
nasal region. Topographies obtained with the Atlas 
system may also be altered by the quality, quantity 
and stability of the lachrymal film unlike 
topographies with scanning technology where the 
quality of the test is not affected by the lachrymal 
state in the same way. Finally, it must be noted that 
image acquisition is automatic in the Pentacam 
system when the centring is correct whereas, with 
the Atlas system, aligning and centring is 
performed manually. 

In conclusion, this study shows that the Oculus 
Pentacam system has a good within-observer and 
between-observer concordance for the corneal 
powers, iridocorneal angle, anterior chamber depth 
and volume, and central corneal thickness that, as 
should be recalled, are the direct data provided by 
the system.  

The performed comparative study shows Oculus 
Pentacam and Humphrey Atlas systems are not 
interchangeable in the measurement of the corneal 
first surface if one is only interested in keratometric 
powers. Differences between them are clinically 
relevant. We found however, that differences 
between corneal RMS are not relevant from a 
clinical viewpoint. 

Although it has been proved that both 
measurement systems are not fully interchangeable, 
this does not invalidate the use of any of them for 
clinical studies or studies of vision quality. We 
have already discussed the lack of a gold standard 
in this type of measurements and since they are 
based on different principles, some discrepancies 
are reasonable.  
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From the viewpoint of Optics and 
Ophthalmology, we must point out that most eye 
corrections and procedures are not quantified in 
absolute terms, but imply relative corrections to the 
measured magnitudes. Therefore, it is important to 
decide beforehand which exploration system will be 
used with a subject or group in order to maintain 
stable references throughout the whole monitoring 
process or study. 
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