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Abstract

The purpose of this study was to investigate 
short-term variation and intra-subject repeatabil-
ity of  human central corneal thickness (CCT) and 
axial anterior chamber depth (AACD) measure-
ments obtained using the Oculus Pentacam. Forty 
consecutive images of the right eye of the anterior 
segment of 10 young and healthy individuals were 
measured with the Pentacam.

 Measurements of CCT and AACD were ob-
tained from these images and means, standard de-
viations, variances and repeatability of the meas-
urements were investigated. Both parameters (CCT 
and AACD) showed small variation with good or 
excellent repeatability for all eyes. The inter-sub-
ject or overall means and standard deviations for 
CCT and AACD of the 10 right eyes were 0.555 ± 
0.05 millimeters (or 555 ± 50 microns) and 3.206 
± 0.04 millimeters, respectively. The individual 

or intra-subject averages for samples of CCT and 
AACD measurements are also provided in this pa-
per. Univariate normality of the data was explored 
with Kolmogorov-Smirnov, Lilliefors and Shapiro-
Wilks tests and we found that generally the data 
was normally distributed although there were some 
exceptions.

Based on the results of this study, the Oculus 
Pentacam appears to provide repeatable and reli-
able measures for both CCT and AACD in young, 
normal eyes. Further research is, however, needed 
to determine short-term variation and repeatability 
of CCT and AACD with the Pentacam in more com-
plicated eyes with, say, corneal scarring or ectasia 
or where refractive surgery may be an issue.

Key words: corneal topography, variance, repeata-
bility, reliability, central corneal thickness, anterior 
chamber depth, Pentacam, univariate normality
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Introduction
Accurate measurement of the central corneal 

thickness (CCT) and central or axial anterior chamber 
depth (AACD) has become useful and important in 
both research and in clinical assessment. For instance, 
corneal thickness measures are crucial in refractive 
surgery to facilitate proper patient selection or to im-
prove diagnosis of subtle conditions (such as forme 
fruste keratoconus). Such measurements are also use-
ful in contact lens practice for the detection and moni-
toring of contact lens related complications and for 
diagnosing corneal disorders as well as for glaucoma 
assessment1-13. Similarly, they are important for prop-
erly understanding intra-ocular pressures obtained 
via applanation methods where corneal thickness can 
have significant influences. The importance of ac-
curate measurement of AACD is additionally recog-
nized in other forms of refractive surgery such as the 
implantation of anterior chamber phakic intraocular 
lenses (IOL)4, 12. Errors in CCT or AACD measure-
ments can indirectly affect accurate IOL power cal-
culation. Most formulas for the calculation of IOL 
power rely on an accurate estimate of the distance 
between the IOL and the retina. One way to calculate 
this distance is from the difference between ocular or 
axial length and AACD. There are reports14-16 of IOL 
implantation for the management of keratoconus or 
lenticonus and thus more thorough and accurate CCT 
and AACD measurements would represent potentially 
major advances towards improved surgical or medi-
cal management of keratoconic or lenticonic patients 
in terms of implantation of IOL or with other meth-
ods of treatment. This paper indicates our approach 
to addressing, at least partially, the proper evaluation 
and analysis of such measurements (CCT and AACD) 
involving the anterior segment of the eye.    

Several instruments are available for measuring 
CCT and AACD.  One of these is the Pentacam (Ocu-
lus; Wetzlar, Germany). The Pentacam captures mul-
tiple scanning slit images of the anterior segment of 
the eye using a blue light emitting diode (LED) and a 
rotating Scheimpflug camera17. Amongst many other 
parameters of interest, this noninvasive or noncon-
tact instrument conveniently provides topographical 
and aberrometry maps for both anterior and poste-
rior corneal surfaces, corneal pachymetry maps and 
topographical maps of variation in anterior chamber 
depth. Pentacam measurements of corneal thickness 

are available for the entire cornea from limbus to lim-
bus17, but this study will concentrate only on the cen-
tral corneal thickness. For the Pentacam, the AACD 
is defined as the distance from the posterior vertex 
of the corneal endothelium to the anterior surface of 
the crystalline lens along the optical axis. The Penta-
cam has been operational in ophthalmic practice and 
research since about 2003 and the usefulness of the 
Pentacam is extolled in the promotional literature18, 19.  

Recent publications using the Pentacam have re-
ported excellent repeatability (reliability) in measure-
ments of CCT and AACD in normal and keratoconic 
patients8-12. Amano et al10 conducted a study to com-
pare central corneal measurements and their reproduc-
ibility using a rotating Scheimpflug camera, ultrason-
ic pachymetry and scanning-slit corneal topography. 
A total of two measurements were performed on each 
eye of 54 subjects without ocular abnormalities. The 
average corneal thickness measurements by Sche-
impflug, scanning-slit topography (Orbscan) and ul-
trasonic pachymetry were 538 ± 31.1 µm, 541 ± 40.7 
µm and 545 ± 31.3 µm. They concluded that mean 
corneal thicknesses were comparable and the three 
methods had highly satisfactory measurement repeat-
ability. Lackner et al4 conducted a study to determine 
the validity and repeatability of AACD measure-
ments obtained with a rotating Scheimpflug camera 
to scanning-slit topography in 60 healthy eyes. A total 
of eight measurements were performed on each eye. 
The mean AACD values were 3.18 ± 0.38 mm for the 
Pentacam and 3.23 ± 0.40 mm for the scanning-slit 
topography. The differences of AACD values were 
within clinically acceptable levels. Thus, the two 
methods can be regarded as interchangeable. Buehl 
et al8 conducted a study to compare three different 
methods (the Pentacam, Orbscan I and AC-Master) of 
measuring CCT and AACD in 88 eyes of 44 healthy 
subjects. The mean CCT was 0.535 ± 0.03 mm with 
the Pentacam, 0.535 ± 0.04 mm with the Orbscan 
and 0.527 ± 0.03 mm with the AC-Master. The mean 
AACD was 3.35 ± 0.28 mm with the Pentacam, 3.12 
± 0.27 mm with the Orbscan and 3.32 ± 0.24 mm 
with the AC-Master. Their results indicated that the 
three instruments provided similar results for CCT 
and AACD across the subjects.8 The AC-Master and 
Pentacam proved to be excellent noncontact methods 
for measuring CCT and AACD.8 Measurements with 
the Orbscan turned out to be a little more complicated 
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and time-consuming because measurements had to be 
repeated more often.8   

Xu et al6 investigated AACD with optical coher-
ence tomography and found a mean of 2.42 ± 0.03 
mm. (See also He et al5 for a study using optical pa-
chymetry to measure AACD in elderly Chinese where 
the mean AACD was 2.49 ± 0.32 mm.)  These stud-
ies are somewhat less relevant to ours in that their 
samples and methods were quite different but they do 
provide means for AACD that were nonetheless quite 
similar to that of the studies above that used  methods 
such as the Pentacam to measure AACD.  

One difficulty, however, with some of the previous 
publications is that the researchers typically took very 
few Pentacam measurements (and, for example, some 
took only one measurement7, 8 per eye while others9-12 
took only two or three measurements per eye). This 
differs markedly from our approach where the right 
eye of each of the 10 subjects was measured 40 times 
over a short time interval. 

The primary purpose of this study was to investi-
gate the short-term variation and repeatability of mul-
tiple measurements of the CCT and AACD in healthy 
normal young eyes. This study provides further quan-
titative and qualitative evidence towards the useful-
ness and importance of such an instrument towards 
effective and accurate measurement of various ocular 
components within the anterior segment of the eye.

Methods
Detailed description of the subject selection and 

general methodology can be found in previous pa-
pers20-22 but 10 healthy subjects (nine female and one 
male) of age range 21 to 34 years were selected. Ro-
tating Scheimpflug imaging with the Oculus Penta-
cam was performed with the subject seated with her or 
his chin against the instrument chinrest and forehead 
against the forehead strap. Each subject was asked 
to keep both eyes open and to fixate on a blinking 
fixation target within the instrument. The Pentacam 
uses a 180-degree rotating Scheimpflug camera that 
very rapidly captures 12, 25 or 50 corneal slices or 
sections. Through reconstruction of the scanning slit 
information, 3-dimensional maps of the cornea and 
anterior segment of the eye are produced from which 
various quantities such as CCT and AACD are deter-
mined. In this study, anterior segment reconstructions 
were produced from 25 sections per eye. Consecutive 

measurements (N = 40 Pentacam scans per eye) for the 
right eyes of the 10 subjects were obtained. Since we 
wished to obtain as many measurements as possible 
per individual an arbitrary decision was made to use 
the right eyes only of subjects. This is also in keeping 
with best practice for statistical research where often 
only one eye from each subject is used to avoid a lack 
of independence of data23. (Many routine or common 
statistical analyses rely on all data points being inde-
pendent of each other and should information for both 
eyes be collected for every subject in the study, then 
there may be lack of independence within the data.)

 Measurement of each eye took about 50 minutes 
since subjects were requested to remove their heads 
from the instrument between measurements and the 
individual scans were saved into the instrument’s 
computer memory. Thus after every scan (of 25 sec-
tions per eye) the Pentacam was moved backwards, 
realigned and refocused by the operator for the next 
scan to reduce or eliminate interdependence of the 
multiple scans per eye. The study was performed with 
the eyes in their natural state without use of mydriatic 
or other pharmaceutical agents.

  Statistical analysis
From the multiple Pentacam scans the parameters 

analyzed were CCT and AACD. Analysis and investi-
gation of repeatability of the data from the Pentacam 
was based on 40 successive scans obtained by the 
same operator. The CCT and AACD measurements 
from the Pentacam topographical maps (see Figure 1 
for an example from Subject 1) were analyzed with 
Statistica Ver8 software. The distributions for the 
samples of CCT and AACD measurements were 
plotted using box plots, histograms and normal prob-
ability plots. Sample means and standard deviations 
were determined. All univariate samples for CCT and 
AACD were also investigated for normality using the 
Kolmogorov-Smirnov (K-S), Lilliefors and Shapiro-
Wilks tests. Probability or p values were obtained to 
determine whether samples were normally distributed 
and whether parametric statistical tests were appropri-
ate. Here measurements for the CCT and AACD are 
given in millimeters and not in micrometers (μm).

Results
An example of a typical Pentacam result from a 

single measurement of the anterior segment of one 
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subject is included in Figure 1. The column on the left 
side provides the subject’s demographic information, 
and keratometric and other results for the anterior and 
posterior surfaces of the cornea including pachymetry 
and anterior chamber analysis. Figure 1 was the first 
measurement for Subject 1 and from the figure we can 

see that the CCT and AACD were 0.620 mm (or 620 
microns) and 3.68 mm, respectively (see pachymetry 
apex and AC Depth in the bottom left column of Fig-
ure 1). Another 39 measurements (as for Figure 1) for 
the same subject were obtained and then the whole 
process was repeated for the other nine subjects. 

Figure 1. The first Pentacam result or measurement of the cornea and anterior segment of the right eye of Subject 1 are indicated. 
The anterior (the top left map) and posterior (the top right map) corneal surfaces are represented using sagittal curvature maps. Maps 
for corneal thickness and anterior chamber depth are also shown. Other quantitative data for the cornea and anterior segment of this 
subject are provided in the column towards the left side of the figure.

Tables 1 and 2 provide descriptive statistics such 
as means and standard deviations for the CCT and 
AACD measurements for all 10 subjects. Sample 
minima and maxima are included as well as statistics 
for sample skewness (whether positive or negative) 
and kurtosis (leptokurtosis or platykurtosis are indi-

cated by positive or negative signs respectively). For 
instance, the samples for CCT and AACD for Subject 
2 had profound positive skewing (1.531 and 1.374) 
and leptokurtosis (5.177 and 2.088).  These samples 
should be inspected for possible outliers or other de-
partures from univariate normality such as polymo-
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Table 1. Sample means, standard deviations (SD), maxima and minima for the central corneal thickness measurements (in mil-
limeters) for the 10 subjects are indicated. If skewness is clearly different from zero then the distribution of measurements is asym-
metrical and either positive or negative skewing is present as per the sign of the given value. If kurtosis is clearly different from zero 
the distribution displays leptokurtosis (and a positive value for the statistic is seen) or platykurtosis otherwise. Further information 
can also be obtained from histograms and normal probability plots such as in Figures 6 to 11.

Subject CCT Means 
(mm)

SD
(mm)

Minima
(mm)

Maxima
(mm)

Skewness Kurtosis

1 0.621 0.005 0.620 0.643 – 0.069 – 0.006
2 0.541 0.005 0.531 0.561 1.531 5.177
3 0.613 0.007 0.592 0.629 – 0.390  1.092
4 0.572 0.005 0.560 0.576 – 0.457 – 0.756
5 0.593 0.006 0.581 0.611 0.591 1.667
6 0.530 0.006 0.513 0.537 – 0.345 – 0.012
7 0.500 0.005 0.499 0.500 0.108 – 0.709
8 0.530 0.006 0.520 0.545 0.754  1.232
9 0.514 0.004 0.510 0.521 – 0.260 – 0.361
10 0.530 0.006 0.516 0.541 – 0.404 – 0.473

Table 2. Sample means, standard deviations (SD), maxima and minima for the anterior chamber depth measurements (in millim-
eters) for the 10 subjects are indicated. For univariate normal samples, skewness and kurtosis should be zero. (See also histograms 
and normal probability plots in Figures 6 to 11.)

Subject AACD 
Means (mm)

SD
(mm)

Minima
(mm)

Maxima
(mm)

Skewness Kurtosis

1 3.688 0.033 3.620 3.790 0.433 1.277
2 2.892 0.024 2.860 2.960 1.374 2.088
3 3.290 0.040 3.170 3.380 –1.082  2.299
4 3.000 0.025 2.960 3.050 0.217 – 0.581
5 3.345 0.024 3.300 3.400 0.181 – 0.545
6 3.073 0.026 3.030 3.140 0.458 – 0.119
7 3.504 0.021 3.470 3.550 0.069 – 0.425
8 3.222 0.025 3.140 3.280 – 0.710   2.384
9 3.567 0.025 3.500 3.610 – 0.250 – 0.031

dality, et cetera. Subjects 3, 5 and 8 also demonstrated 
noticeable leptokurtosis (Table 1). In Table 2 subjects 

1, 2, 3 and 8 showed leptokurtosis while subject 3 
also showed negative skewness. 

Figures 2 and 3 show the box and whisker plots 
for the CCT and AACD samples for the right eyes of 
the 10 subjects. Figure 2 shows CCT in millimeters 
on the y-axis versus the subjects along the x-axis. The 
subject means are indicated with small squares while 
the larger boxes indicate the means ± 1 SD and the 

whiskers are the means ± 1.96 SD. The CCT means 
ranged between about 0.49 and 0.64 mm and standard 
deviations were of small magnitude (see Table 1). So, 
repeated or multiple measurements of this parameter 
with the Pentacam were quite similar for each of the 
subjects concerned. 
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Figures 4 and 5 include temporal profiles for the 
samples of CCT and AACD for all subjects (N = 40 
per sample). Individual data points for each subject 
are connected by a profile or line which provides a 
way to visually present a temporal sequence of meas-
urements. So, this plot allows one to easily inspect 
the repeatability and variation of the measurements 
of each subject.

Figure 2. The box and whisker plots for central corneal thickness (CCT) measurements in millimeters (y-axis) for the right eyes of 
the 10 subjects. The labels (S1 to S10) on the x-axis are the subject numbers.

Figure 3. The box and whisker plots for measurements of axial anterior chamber depth (AACD) in millimeters (y-
axis) for the right eyes of the 10 subjects. The labels (S1 to S10) on the x-axis are the subject numbers

The scales in the two figures are different but the 
standard deviations are larger for the AACD sam-
ples than for the CCT samples (compare the columns 
for SD per subject in Tables 1 and 2). Thus, for all 
subjects, the samples were more variable for AACD 
rather than CCT. The profiles appear flatter in Figure 
5 than in Figure 4 but this is purely because of the 
scales used to represent the figures. 
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Figure 4. Profile or line plots of temporal variation of the 40 measurements of the CCT (mm) for 10 young subjects are indicated. In-
dividual measurements for each subject (S1 to S10) are connected by a line or trajectory. For example, the CCT sample for Subject 1 
(the uppermost trajectory in gray-blue with open circles) varies from 0.62 to 0.643 mm (see Table 1 for the minimum and maximum 
CCT for this particular sample). These trajectories are also useful for identification of possible outliers or extreme measurements 
within samples. Each trajectory represents a time interval of about 50 minutes. 

Figure 5. Trajectories of short-term or temporal variation for samples of 40 measurements of AACD (mm) for 10 young subjects are 
indicated. The individual measurements for subjects (S1 to S10) are connected using 10 trajectories of different colours and markers. 
See Table 2 for the means, standard deviations, minima and maxima for these samples. 
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Figures 6 and 7 respectively show histograms and 
normal probability plots for the samples of CCT and 
AACD for the first subject (S1). The histogram in 
Figure 6(a) shows the frequency distribution of the 
measurements or sample concerned. The red curve on 
each figure indicates the normal distribution and the 
sample (CCT) for Subject 1 can be observed to be 
approximately normally distributed as is also seen in 
Figures 6(a) and 6(b) where the blue circles fall close 
to the red line for the normal distribution. An outlier 
is observed in Figure 7(b), that is, a blue circle near 
the top of the figure falls quite far from the diagonal 
blue line. Normality of the samples were also tested 

using the Kolmogorov-Smirnov (K-S), Lilliefors and 
Shapiro-Wilks W (SW-W) tests (see the relevant fig-
ure captions for such results). In a K-S test for nor-
mality where the mean and standard deviation of the 
hypothesized normal distribution are unknown they 
are estimated from the sample data. The Lilliefores 
probability values are used in determining whether 
the K-S difference statistic (d) is significant. The test 
statistic (d) is computed from the largest difference (in 
absolute value) between the observed and theoretical 
cumulative distribution function. The SW-W test has 
become the preferred test of normality because of its 
good power properties as compared to a wide range 
of alternative tests. 

Figure 6. A histogram (a) and normal probability plot (b) for the CCT sample of subject 1. The histogram shows the frequency dis-
tribution for the CCT measurements. The bars show the specific values of measurements that occur most frequently in the sample. 
The curve in red indicates the normal distribution and normality of the sample is also tested using the Kolmogorov-Smirnov (K-S), 
Lilliefors and Shapiro-Wilks tests. The data showed a normal distribution (p > 0.05). (SW-W, p = 0.8). The graph (a) helps to evalu-
ate the normality of the sample because it also shows the normal curve superimposed over the histogram. The normal probability 
plot (b) provides a quick way to visually inspect to what extent the pattern of measurements concurs with a normal distribution. The 
measurements (blue circles) on this plot form a linear pattern near the line in red, which indicates that the normal distribution is a 
good model for the data sample concerned.  Notice also in Table 1 that skewness and kurtosis were almost zero for this sample.

Figure 7. Histogram (a) and normal probability (b) plots for the AACD sample of subject 1. The sample was approximately normally 
distributed (the p-values for the K-S, Lilliefors and SW-W tests were all greater than 0.05). This suggests that the sample is regarded 
as being from a normally distributed population although a possible outlier is seen at the top of the normal probability plot (Table 2 
indicates leptokurtosis of 1.277 and this quantity probably would be closer to zero should the possible outlier be removed).

(a) (b)

(a) (b)
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Figures 8 to 11 include histograms and normal 
probability plots for some subjects that demonstrated 
departure from normality for the CCT or AACD sam-

ples. See also Tables 1 and 2 for statistics for skew-
ness and kurtosis.

Figure 8. Histogram and normal probability plots for the CCT (a) and AACD (b) samples of subject 2. The samples were not nor-
mally distributed according to the p-values for the K-S and Lilliefors tests. For the SW-W tests, p = 0.0006 for (a) and 0.0002 for 
(b). Probabilities were less than 0.05 (p<0.05 suggests rejection of the null hypothesis that the sample is from a normally distributed 
population). Tables 1 and 2 indicated profound positive skewing and leptokurtosis for both samples, that is, CCT and AACD. 

(a)

(b)

(a)
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(b)

Figure 9. Histogram and normal probability plots for the CCT (a) and AACD (b) samples of subject 3. The sample for CCT (a) was 
approximately normally distributed (the p-values for the K-S, Lilliefors and SW-W tests were not less than 0.05 for the CCT but 
were less than 0.05 for the AACD (p = 0.0023) sample in part (b) .

Figure 10. Histogram and normal probability plots for the CCT sample of subject 4. The sample for CCT was not normally distrib-
uted (the p-values for the K-S, Lilliefors, and SW-W tests (p = 0.03). 

(a)

21
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Figure 11. Histogram and normal probability plots for the CCT (a) and AACD (b) samples of subject 8. The CCT sample was ap-
proximately normally distributed, the p-value was greater than 0.05 but less than 0.05 for the AACD in the SW-W test.

Discussion
In this study, the individual or intra-subject means 

for CCT ranged from 0.514 to 0.631 mm (Table 1) 
while the individual means for AACD ranged from 
2.480 to 3.688 mm (Table 2). The mean CCT for all 
the eyes or the overall inter-subject mean (for N = 10 
eyes) was 0.555 mm while that for the overall inter-
subject AACD mean was 3.206 mm. These means 
are not dissimilar to what might be expected for such 
parameters as found from the literature where, for ex-
ample, intra-subject CCT is about 0.54 mm (540 mi-
crons) and intra-subject AACD is about 3.50 mm. 

Ultrasound biometry has been the common meth-
od for measuring CCT and AACD. A major advan-
tage of ultrasound biometry is that it requires mini-
mal observer judgement and is therefore consistent 
and repeatable between observers4, 8, 10-11. However, 
issues such as the need for topical anesthesia, risk for 
infection, exact alignment at the centre of the cornea 
and proper handling of the probe perpendicular to the 
corneal surface are some possible drawbacks of this 
technique. These potential limitations stimulated the 
development of possibly more reliable, repeatable 
and operator independent noncontact ocular biometry 
techniques including the Pentacam, Orbscan, optical 
coherence tomography, and other optical methods for 
imaging and measuring the CCT and AACD of eyes.

The Pentacam allows fast, non-contact examina-
tion of the anterior segment of the individual while 
providing good comfort and avoiding application of 
topical anesthetics. The instrument provides the thick-
ness of the entire cornea by determining the front and 

back surfaces of the cornea via corneal tomography 
with the rotating Scheimpflug camera14. With this in-
strument information regarding the anterior and pos-
terior corneal topography, corneal thickness and ante-
rior chamber depth and volume are also provided.

With the Pentacam in this study of 10 eyes, the 
measurements of CCT and AACD showed minimal 
variation (see the standard deviations, SD in Tables 
1 and 2) and also Figures 4 and 5 where profiles are 
mostly flat. Thus it appears that the Pentacam meas-
urements are largely repeatable within individuals 
albeit that the sample size here was only 10. This 
suggests that this instrument is a potentially useful 
clinical and research-oriented device. All samples 
were also investigated for normality using the Kol-
mogorov-Smirnov (K-S), Lilliefors and Shapiro-
Wilks tests. Probabilities were used in determining 
whether these statistics were significant and whether 
there was departure from univariate normality. Most, 
but not all, p values obtained were > 0.05, indicating 
that most samples were essentially from normal dis-
tributions (the p values are included in the caption of 
each histogram plot for the CCT and AACD). Even 
though there was very good repeatability of the meas-
urements of CCT and AACD, Figures 4 and 5 show 
that there is slight variability in the measurements 
over time. Mostly the samples of CCT for these sub-
jects showed less variation than for the corresponding 
subject samples for AACD. The reasons for the vari-
ation in CCT and AACD are largely unknown. But 
such variation could be due to many complicated and 
possibly inter-related factors such as changes in the 

(b)
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shape of the tear layer during the process of blink-
ing or over time, corneal hydration or dehydration, 
eye movements, fluctuations in intra-ocular pressure, 
heart rate or accommodation or iris position. Possibly, 
interactions between subjects and the instrument or its 
operator could also be contributing factors. (Accord-
ing to the manufacturer of the Pentacam, the tear film 
does not affect or influence the instrument’s measure-
ments but this seems unlikely and the authors plan to 
explore this issue in future studies.)  

Within subjects variation for the AACD sample 
was generally more than for that for the CCT sample 
(compare corresponding intra-subject standard devia-
tions in Tables 1 and 2). The reason for this finding is 
not entirely clear but could relate possibly to fluctua-
tions in IOP or pulse and the constant flow and ebb of 
the aqueous humor. Perhaps small changes in iris and 
anterior lens position with fluctuations in aspects like 
ocular accommodation might be another factor. The 
AACD is influenced by the position and thickness of 
the crystalline lens and the position of the posterior 
corneal surface. Also, the variation could be possibly 
related or explained through effects with phases of 
respiration or local effects of changes in blood pres-
sure. But, there are no simple explanations for the 
variation in CCT and AACD measurements within 
and amongst the subjects and a great deal of future 
work with other individuals or with even larger num-
bers of subjects will be necessary to more completely 
understand these complicated but intriguing issues. 

Possible limitations to this study include relatively 
few subjects (only 10), of which most (nine of 10) 
were females. The ages of the subjects were limited 
to young university students, and gender-related is-
sues such as hormonal and/or menstrual changes were 
not addressed. Further studies are required to explore 
some of these issues of gender and age. Although the 
Pentacam is capable of measuring the pachymetry of 
the cornea from limbus to limbus, in this study we 
used only the central measurements of the corneal 
thickness and AACD. Peripheral corneal thickness 
measurements were not used. One of the strengths of 
the study is that we took multiple (40) and successive 
measurements of the right eye only of all subjects. 
This allowed us to investigate short-term variability 
of the two parameters concerned in great detail and 
this appears to not have been previously done in other 
studies.   

Conclusion
The relatively small variances measured for CCT 

and AACD samples (see Tables 1 and 2) suggests 
excellent repeatability and indicates the Pentacam 
provides consistent and repeatable information over 
at least the short-term. Instruments for clinical use 
should ideally give accurate, repeatable and valid 
measurements. The corneal apex CCT was used in 
this study (rather than pupil centre CCT, see Figure 1) 
but investigations as to whether it is the most repeat-
able corneal thickness measure remain for the future. 
The AACD is a very useful clinical parameter as it is 
used in planning IOL power calculation for cataract 
surgery and phakic IOL placement in refractive sur-
gery. Therefore, the repeatability shown in measuring 
AACD has positive implications for clinical use where 
both accuracy and precision of measurements are re-
quired. Several issues remain to be investigated and, 
for example, further research is needed to determine 
the accuracy and repeatability of peripheral corneal 
thicknesses or limbal anterior chamber depths as ob-
tained with the Pentacam, and whether the instrument 
is able to accurately measure the corneal thicknesses 
or other parameters in cases of corneal scarring, cor-
neal ectasia and post-refractive surgery.     

Summary
 

The Oculus Pentacam demonstrated consistent 
measurements and minimal short-term variation 
in CCT and AACD samples for ten healthy right 
eyes of young individuals.
The intra-subject means for CCT for the 10 subjects 
ranged from 0.500 - 0.631 mm. Standard deviations 
were of relatively small magnitude (0.004 - 0.007 
mm).
The intra-subject means for AACD for the 10 subjects 
ranged from 2.480 - 3.688 mm. Standard deviations 
were of relatively small magnitude (0.021 - 0.040 
mm).
Most intra-subject samples of CCT and AACD 
were apparently from normally distributed pop-
ulations. This has important implications as to 
whether or not certain statistical methods such 
as parametric tests can be used with proper con-
fidence.
For the 10 subjects, the overall or inter-sub-
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ject means and standard deviations for CCT and 
AACD were 0.55 ± 0.005 mm and 3.206 ± 0.03 
mm, respectively.
The Pentacam proved to be an excellent non-
contact method for measuring CCT and AACD 
in healthy eyes. (There is also the opportunity to 
study other quantities for the cornea or anterior 
segment where desired, such as the angles of the 
anterior chamber, volume of the anterior chamber, 
and densitometry of the crystalline lens.) 
Measurements proved to be very simple and 
quick to obtain (approximately two seconds per 
scan). Much of the time (approximately 50 min-
utes) involved saving the scans into the computer 
memory and realigning and refocusing the instru-
ment. Multiple scans per eye over short intervals, 
however, allows one to study and understand in-
tra-subject variation in exquisite detail and should 
be integral parts of clinical assessments especially 
where complicated and potentially traumatic pro-
cedures such as refractive or corneal surgery or 
orthokeratology might be treatment modalities of 
concern.    

1.

2.

3.

4.

5.

6.

Emre S, Doganay S, Yologlu S. Evaluation of anterior seg-
ment parameters in keratoconic eyes measured with the 
Pentacam. J Cataract Refract Surg 2007 33 1708-1712.
Uçakhan ÖÖ, Özkan M, Kanpolat A. Corneal thickness 
measurements in normal and keratoconic eyes: Pentacam 
comprehensive eye scanner versus noncontact specular mi-
croscopy and ultrasound pachymetry. J Cataract Refract 
Surg 2006 32 970-977.
Jain R, Dilraj G, Grewal SPS. Repeatability of corneal pa-
rameters with Pentacam after laser in situ keratomileusis. 
Indian J Ophthalmol 2007 55 341-347.
Lackner B, Schmidinger G, Skorpik C. Validity and repeat-
ability of anterior chamber depth measurements with Penta-
cam and Orbscan. Optom Vis Sci 2005 82 858-861.
He M, Huang W, Zheng Y, Alsbirk PH, Foster PJ. Anterior 
chamber depth in elderly Chinese. Ophthalmology 2008 
115 1286-1290.
Xu L, Cao WF, Wang YX, Chen CX, Jonas JB. Anterior 
chamber depth and chamber angle and their association 
with ocular and general parameters. Am J Ophthalmol 2008 
145 929-936.

References

Marsich MM, Bullimore MA. The repeatability of corneal 
thickness measures. Cornea 2000 19 792-795.
Buehl W, Stojanac D, Sacu S, Drexler W, Findl O. Compar-
ison of three methods of measuring corneal thickness and 
anterior chamber depth. Am J Ophthalmol 2006 141 7-12.
Koranyi G, Lydahl E, Norrby S, Taube M. Anterior cham-
ber depth measurements: A-scan versus optical methods. J 
Cataract Refract Surg 2002 28 243-247.
Amano S, Honda N, Amano Y, Yamagami S, Miyai T, 
Samejima T, Ogata M, Miyata K. Comparison of central 
corneal thickness measurements by rotating Scheimpflug 
camera, ultrasonic pachymetry, and scanning-slit corneal 
topography. Ophthalmology 2006 113 937-941.
O’Donnell C, Maldonado-Codina C. Agreement and repeat-
ability of central thickness measurements in normal corneas 
using ultrasound pachymetry and Oculus Pentacam. Cor-
nea 2005 24 920-924.
Rabsilber TM, Khoramnia R, Auffarth GU. Anterior cham-
ber measurements using Pentacam rotating Scheimpflug 
camera. J Cataract Refract Surg 2006 32 456-459.
Turner SJ, Lee EJK, Hu V, Hollick EJ. Scheimpflug imag-
ing to determine intraocular lens power in vivo. J Cataract 
Refract Surg 2007 33 1041-1044.
Olsen T, Corydon L, Gimbel H. Intraocular lens power cal-
culation with an improved anterior chamber depth predic-
tion. J Cataract Refract Surg 1995 21 313-319.
Holladay JT, Gills JP, Leidlein J, Cherchio M. Achieving 
emmetropia in extremely short eyes with two piggyback 
posterior chamber intraocular lenses. Ophthalmol 1996 103 
1118-1123. 
Alleman N, Chamon W, Tanaka HM, Mori ES, Campos M, 
Schor P, Baikoff G. Myopic angle-supported intraocular 
lenses: two-year follow-up. Ophthalmol 2000 107 1549-1554.
Pentacam Instruction Manual. Measurement and Evalua-
tion System for the Anterior Segment of the Eye. Oculus: 
Germany 2005.
Kent C. The anterior chamber from every angle. Rev Oph-
thalmol 2005 12 33-38.
Belin MW, Khachikian SS. Corneal diagnosis and evalua-
tion with the Oculus Pentacam. Highlights of Ophthalmol 
2007 35 3-8.
Mathebula SD, Rubin A, Harris WF. Quantitative analysis 
in Hamiltonian space of the transformed ray transferences 
of a cornea. S Afr Optom 2007 66 68-76. 
Mathebula SD, Rubin A. A comparative study of autok-
eratometric and Scheimpflug keratometric measurements 
of the anterior corneal surface: results for a single subject. S 
Afr Optom 2007 66 109-119. 
Mathebula SD, Rubin A. Autorefraction and anterior and 
posterior keratometric measurements in symmetric dioptric 
power space: short-term variation for a single subject. S Afr 
Optom 2008 67 21-35.
Ciolin JB, Khachikian SS, Belin MW. Comparison of 
corneal thickness measurements by ultrasound and Sche-
impflug photography in eyes that have undergone laser in 
situ keratomileusis. Am J Ophthalmol 2008 145 75-80.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.




