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Purpose: To assess the repeatability of anterior segment parameters and axial length (AL) 
using Pentacam AXL and Galilei G6 and the agreement between both devices.
Materials and Methods: Eighty-four eyes of 84 participants were measured prospectively 
with two devices. Outcome measurements included corneal curvatures, anterior chamber 
depth (ACD), AL, pupil size, and white-to-white distance (WTW). Intra-device repeatability 
was assessed using intraclass correlation coefficient (ICC), within-subject standard deviation 
(Sw), test–re-test repeatability (TRT=2.77 Sw), and coefficient of variation (CoV). 
Agreement between two devices was analyzed using Bland–Altman plots.
Results: For each device, the Sw of corneal curvatures, ACD, and AL were lower than 0.25 
D, 0.04 mm, and 0.04 mm, respectively. The ICC was higher than 0.90 in all parameters 
measured by Pentacam AXL, whereas three parameters measured by Galilei G6 (steep 
meridian at anterior and posterior cornea, and pupil size) were lower than 0.90. Comparing 
to Galilei G6, Pentacam AXL led to significantly lower mean anterior cornea curvatures 
(Km) with the mean difference (95% level of agreement; LoA) of −0.12 D (−0.36, 0.12, 
P<0.001). For ACD, there was no significant difference between the two devices. Pentacam 
AXL led to significantly lower AL, pupil size, and WTW, with the mean differences (95% 
LoA) of −0.04 mm (−0.35, 0.27), −0.18 mm (−0.71, 0.35), and −0.35 mm (−0.61, −0.10), 
respectively.
Conclusion: We found good repeatability of corneal curvature, ACD, and AL in both 
devices. Most parameters obtained from Pentacam AXL were statistically significantly 
different from those obtained from Galilei G6, except for steep meridians and ACD.
Keywords: Pentacam AXL, Galilei G6, agreement, intra-device repeatability

Introduction
Precise measurement of corneal curvature is key for successful refractive and 
cataract surgery, especially in the era of topo-guided laser treatment and premium 
lens implantations (ie, toric intraocular lens (IOL), multifocal IOL, and multifocal 
toric IOL). Not only is it integral for surgeries, corneal curvature measurement is 
also an essential investigation for the diagnosis of indolent corneal diseases in both 
virgin and post-refractive surgery eyes. Since the development of the Placido disc 
was introduced for evaluating anterior curvatures in 1880,1 corneal assessment 
technologies have been continuously developed. In addition to measuring anterior 
corneal curvatures, the application of the Sheimpflug principle enables a non- 
parallel planar object to be in focus.2 This allows for accurate measurements of 
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both anterior and posterior curvatures as well as corneal 
thickness, and anterior chamber depth (ACD) within a few 
seconds,1 making Scheimpflug-based devices the most 
popular assessment tool for investigating corneal ectasia 
and pre-operative corneal evaluation.1

To date, there are three corneal topography devices 
using the Scheimpflug principle; a single camera; 
Pentacam (Oculus Optikgeräte GmbH), a single camera 
combined with a Placido disc; the Sirius (Costruzione 
Strumenti Oftalmici), and a dual cameras combined with 
a Placido disc; the Galilei (Ziemer Ophthalmic Systems 
AG). Both single and dual camera devices provide good 
intra-operator repeatability and inter-session reproducibil-
ity for overall measurements, however, the level of within 
subject coefficient variations (CoV) vary among different 
studies.3–5 Interdevice agreement of anterior curvature mea-
surement and pachymetry is poor and cannot be used inter-
changeably, while the mean difference between devices are 
still inconclusive.6,7 Only one study reported the agreement 
of posterior curvature based on a limited sample size.4 

Recently, Pentacam and Galilei have upgraded its software 
and integrated optical biometers into their devices for axial 
length (AL) measurement. The repeatability of each new 
device has been reported in a few studies8–11 and the inter- 
device agreement between these devices has not yet been 
reported. Therefore, this study aimed to assess the repeat-
ability of Pentacam AXL (a single Scheimplug device inte-
grated with partial coherence interferometry; PCI) and 
Galilei G6 (a dual Scheimplug-Placido disc device inte-
grated with optical low-coherence reflectometry; OLCR) 
as well as to assess the agreement between these two 
devices in measuring corneal curvatures (both anterior and 
posterior corneal surfaces), ACD, AL, pupil size, and 
white-to-white distance (WTW).

Methods
The study was managed in accordance with the Helsinki 
Declaration and was approved by the Ethics Committee of 
Vajira Hospital, Navamindradhiraj University, Bangkok, 
Thailand. This cross-sectional study was conducted pro-
spectively at the Department of Ophthalmology, Vajira 
Hospital from March 2019 to July 2019. We enrolled 
healthy volunteers age ranged from 20–40 years. 
Informed consent was obtained from all participants 
before performing all examinations. Exclusion criteria 
were a history of any ocular surgery or trauma, significant 
ocular pathology (ie, cataract, corneal opacity, glaucoma, 
and retinal disease), and contact lens wear within the last 2 

weeks. Participants were measured for best corrected 
visual acuity (BCVA) and received slit-lamp evaluation 
for any ocular disease. All anterior segment parameters 
and axial lengths were randomly measured using two 
devices consisting of Pentacam AXL (software version, 
6.08r34, Oculus, Wetzlar, Germany) and Galilei G6 (soft-
ware version 6.4.1, Zeimer, Port, Switzerland). The para-
meters of interest included corneal curvature of flat and 
steep meridians (K1 and K2), steep meridian, mean cor-
neal curvature (Km), astigmatism amplitude, ACD, AL, 
pupil size, and WTW. For each participant, information 
from only the right eye was included.

The Pentacam AXL device combines a corneal tomo-
graphy and additional AL measurement. A three- 
dimensional model of the anterior segment is constructed 
based on a rotating Scheimpflug camera (180°) and mono-
chromatic slit-light source of blue light-emitting diode at 
475 nm that rotates together around the optical axis of the 
eye. AL was measured using PCI module. This study used 
a default program for optical biometry, initially taking 25 
Scheimpflug images in one second followed by axial 
length measurement. The Pentacam AXL calculates two 
ACDs which are internal (from corneal endothelium to the 
anterior lens plane) and external (from corneal epithelium 
to the anterior lens plane). Only external ACD was used 
for analysis.

The Galilei G6 uses a dual rotating Scheimpflug cam-
era integrated with Placido disc topographer. The flash 
illumination is the output from a blue light-emitting 
diode at 470 nm. The device takes images of all anterior 
segment structures from the cornea to the lens and mea-
sures over 122,000 data points per scan. Axial length is 
measured using OLCR. The measurement includes three 
parts; 1) anterior corneal curvature by Placido disc, 2) 
anterior segment measurements by dual Scheimpflug cam-
era, and 3) axial length measurement.

Measurement Techniques
A single experienced examiner (C.S.) performed two ses-
sions of adequate qualified measurements with examina-
tion quality specification graded as either OK or high 
overall quality check in Pentacam AXL and Galilei G6, 
respectively. All measurements were performed within 15 
minutes to avoid diurnal variation effects in a dim room 
according to the manufacturer’s guidelines. All partici-
pants were instructed to look straight at the target of the 
camera while in an upright sitting positioning with head 
resting on the headrest and chin on the chinrest. 
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Participants were asked to blink before the start and stop 
of the scan. After each measurement, participants were 
asked to sit back and close their eyes for a few seconds 
before the next measurement.

Statistical Analysis
Statistical analyses were performed using STATA version 
16 (TX, US). All continuous parameters were described as 
means (standard deviation, SD). The Kolmogorov– 
Smirnov test was used for normality checking. A paired 
t-test was used to compare all average parameters between 
two devices within the same subject. A P-value less than 
0.05 was considered statistically significant. To determine 
the intra-device repeatability,3 the within-subject standard 
deviation (Sw), test–re-test repeatability (TRT=2.77 Sw), 
within-subject coefficient of variation (CoV) and intraclass 
correlation coefficient (ICC) were calculated for the two 
repeated measurements obtained by a single operator.12 

TRT indicates an interval within 95% of the differences 
between measurements is expected to lie. The lower TRT 
represents the better repeatability. CoV was calculated 
from the ratio between Sw and the overall mean. The 
lower CoV indicates the higher repeatability. The closer 
ICC to one suggests the better measurement consistency.

Average values of the two measurements from each 
device were used for agreement analysis. The agreement 
of measured parameters between the two devices was 
assessed using the Bland–Altman plot analysis. Mean dif-
ference and 95% limits of agreement (LoA) were calcu-
lated to illustrate the agreement between two devices.13,14 

Plots were created to show the mean value (x-axis) against 
the differences in measurement between two devices.

Results
Of the 96 enrolled participants, 84 eyes of 84 participants 
(168 qualified sessions) were included into this study. 
Twelve participants were excluded due to not being able to 
obtain two qualified scans from both devices in a limited 
time. The mean age was 28.8 (SD=5.5) years, with female 
predominance (55, 65.5%). The median BCVA was 0.0 
logMAR (range=0.0–0.4 logMAR). The median spherical 
equivalent was −1.37 diopters (D, range=−13.25–0.875 D). 
The median astigmatism was 0.75 D (range=0–6.0 D).

Intra-Device Repeatability
All parameters obtained by the two qualified scans were 
highly repeatable in both Pentacam AXL and Galilei G6 
except for the steep meridian of front and back surfaces 

(Table 1). The TRTs of K1, K2, Km, ACD, AL, pupil size, 
and WTW in both devices were less than 0.50 D, 0.10 mm, 
0.10 mm, 0.80 mm, and 0.30 mm, respectively. The TRT of 
steep meridian was large as 13.08 degrees in Pantacam AXL 
and 21.63 degrees in Galilei G6. The CoV of two measure-
ments in both devices were lower than 0.20% for all para-
meters. The ICC was higher than 0.90 in all parameters 
measured by Pentacam AXL. While the ICC of three para-
meters measured by Galilei G6 (i.e., steep meridian at front 
and back surfaces, and pupil size) were lower than 0.90.

Inter-Device Agreement
Anterior Cornea Parameters
The mean differences of all anterior curvatures except for the 
steep meridian between two devices were statistically differ-
ent (Table 2). Pentacam AXL produced significantly lower 
K1, K2, Km, and magnitude of astigmatism front compared 
to Galilei G6 with the mean differences (95% LoA) of −0.08 
D (−0.34, 0.19), −0.14 D (−0.48, 0.19), −0.12 D (−0.36, 
0.12), and −0.06 D (−0.43, 0.31), as shown in Figure 1A– 
C. The agreement of steep meridian between both devices 
was not statistically significant with the mean difference 
(95% LoA) of 0.87 degrees (−11.39, 13.12), see Figure 1D.

Posterior Cornea Parameters
Pentacam AXL produced significantly lower K1 and steep 
meridian compared to Galilei G6 with the mean differ-
ences (95% LoA) of 0.02 D (−0.09, 0.14) and 2.81 
D (−17.31, 22.94), as shown in Table 2. There was 
a good agreement of K2 between two devices with 
a mean difference of 0.01 D (−0.13, 0.15).

Anterior Chamber Depth, Axial Length, and Other 
Parameters
Pentacam AXL produced slightly lower ACD compared to 
Galilei G6 with the mean difference (95% LoA) of −0.04 mm 
(−0.35, 0.27), but was not statistically significant (Figure 2). 
However, Pentacam AXL produced statistically significant 
lower AL with the mean difference (95% LoA) of −0.02 mm 
(−0.09, 0.04), P<0.001 (Figure 2B). Pentacam AXL pro-
duced significantly lower WTW and pupil size compared to 
Galilei G6 with mean differences (95% LoA) of −0.35 mm 
(−0.61, 0.10) and −0.18 mm (−0.71, 0.35), as shown in 
Table 2.

Discussion
This study demonstrated the intra-device repeatability and 
inter-device agreement of all essential parameters including 
anterior and posterior curvatures, ACD, AL, WTW, and 
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pupil size. The ICC of all parameters except for the steep 
meridians were higher than 0.90 and 0.85 in Pentacam AXL 
and Galilei G6 with low TRT values (range=0.02–0.29), 
respectively, indicating good repeatability of both devices. 
Previous studies demonstrated that Pentacam AXL had 
good repeatability in terms of measuring mean K, ACD, 
AL for both normal and cataract eyes.8,9 Our findings also 
supported the previous study that Galilei G6 has a good 
repeatability for measuring AL.10,11 Moreover, we found 
that Pentacam AXL provides slightly lower mean values of 
overall measured parameters. For the anterior steep meri-
dian, the TRT values of Pentacam AXL and Galilei G6 were 
13 and 22 degrees, indicating the low repeatability of this 

parameter in both devices. These findings were similar to 
previous study from Aramberri et al4 showing that the TRTs 
of anterior flat meridian was high as 41.72 degrees for 
single Scheimpflug camera (Pentacam HR) and 65.98 
degrees for dual Scheimpflug camera (Galilei G2).

To determine the inter-device agreement, the Bland– 
Altman analysis revealed that mean values of most para-
meters between Pentacam AXL and Galilei G6 were sta-
tistically significantly different. However, the statistical 
significance did not directly indicate the clinical signifi-
cance. For corneal curvature measurement, 95% LoA of 
K1 and K2 (anterior and posterior), Km, and astigmatism 
were within 0.5 D, whereas 95% LoA of the steep 

Table 1 Repeatability of All Measurements Using Pentacam AXL and Galilei G6

Parameters Mean (SD) Sw TRT CoV ICC

Pentacam AXL

Anterior cornea

K1 (D) 43.33 (1.41) 0.13 0.36 0.30 0.995
K2 (D) 44.6 (1.54) 0.12 0.34 0.27 0.997

Steep meridian (degrees) 84.98 (16.73) 4.72 13.08 5.56 0.959
Km (D) 43.95 (1.42) 0.10 0.27 0.22 0.998

Astigmatism (D) 1.28 (0.77) 0.13 0.36 10.08 0.986

Posterior cornea

K1 (D) −6.22 (0.23) 0.03 0.09 0.55 0.989

K2 (D) −6.59 (0.27) 0.04 0.11 0.62 0.988
Steep meridian (degrees) 89.96 (11.28) 3.03 8.40 3.37 0.963

ACD (mm) 3.56 (0.35) 0.02 0.05 0.48 0.999
AL (mm) 24.33 (1.29) 0.02 0.05 0.07 0.999

Pupil size (mm) 2.67 (0.48) 0.20 0.56 7.53 0.904

WTW (mm) 11.73 (0.36) 0.10 0.27 0.83 0.962

Galilei G6

Anterior cornea

K1 (D) 43.40 (1.44) 0.13 0.35 0.29 0.996

K2 (D) 44.74 (1.56) 0.15 0.43 0.34 0.995
Steep meridian (degrees) 84.11 (16.22) 7.81 21.63 9.29 0.870

Km (D) 44.07 (1.46) 0.09 0.26 0.21 0.998

Astigmatism (D) 1.34 (0.77) 0.21 0.58 15.75 0.962

Posterior cornea

K1 (D) −6.24 (0.24) 0.07 0.19 1.11 0.956
K2 (D) −6.60 (0.26) 0.09 0.26 1.41 0.932

Steep meridian (degrees) 87.15 (9.53) 6.52 18.05 7.48 0.696

ACD (mm) 3.60 (0.34) 0.03 0.08 0.83 0.996

AL (mm) 24.35 (1.29) 0.03 0.09 0.14 0.999

Pupil size (mm) 2.86 (0.49) 0.29 0.79 9.97 0.799
WTW (mm) 12.08 (0.36) 0.05 0.14 0.41 0.990

Abbreviations: ACD, anterior chamber depth; AL, axial length; Cov, within-subject coefficient of variation; ICC, intraclass correlation coefficient; K1, flat K; K2, steep K; 
Sw, within-subject standard deviation; TRT, test–re-test repeatability (2.77 Sw); WTW, white-to-white distance.
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meridian was large, as 13 and 23 degrees at anterior and 
posterior surfaces. Crawford et al6 showed slightly higher 
95% LoA of anterior keratometry (range=−0.5–0.6 D) 
compared to our study, possibly owing to the small sample 
size (30 healthy eyes) and different software version. 
Aramberri et al4 also found that the agreement of anterior 
cornea parameters between Pentacam and Galilei was very 
good except for anterior astigmatism, while the posterior 
cornea had more significant disagreements, but very low 
clinical relevance. It should be noted that the clinical 
importance should be determined based on the objectives 
of measurement, thus both devices can be considered as 
interchangeable in some clinical situations. Nevertheless, 
these small differences might have a considerable impact 
to IOL calculation, particularly in the cases with toric or 
multifocal toric IOLs. Of the 84 eyes in our study, we 
observed a difference of astigmatism magnitude between 
two devices (Pentacam AXL – Galilei G6) of over 0.5 
diopters in two eyes (−0.69 and 0.51 D). These differences 
had an impact on changing one level of cylinder power of 
the toric IOL calculation.

Our results showed that the mean difference of ACD 
between Pentacam AXL and Galilei G6 was very low 
(0.04 mm), corresponding to findings from the previous 
studies.3,5,7,15,16 However, the 95% LoA was in the range 
of 0.35 mm, which was higher than previous studies. The 
discrepancies of measured values between studies could be 
accounted for by the differences in software versions 
(Pentacam HR and Galilei G2/G4), subject characteristics, 

ACD definition (internal and external ACD), and number 
of repeated measurements.

To the best of our knowledge, we did not find any 
published studies comparing AL values between Pentacam 
AXL and Galilei G6. Pentacam AXL (PCI-based device) 
tended to produce lower AL with the low mean difference of 
−0.02 mm (95% LoA=−0.09–0.14) compared to Galilei G6 
(OLCR-based device). Our findings corresponded with 
a recent review suggesting that there was good agreement 
in AL when using different techniques for measurement; the 
PCI-based device (a laser diode infrared light) vs OLCR- 
based device (a superluminescent diode), with 95% LoA of 
less than 0.2 mm.17 Jung et al10 demonstrated no statistical 
significance between AL measured by Galilei G6 and AL 
measured by IOL Master 700. Recently, Shajari et al18 also 
showed that the mean difference of AL between Pentacam 
AXL and IOL Master 700 was −0.019 mm, and no statistical 
significance was found between both devices.

WTW was one of the most inconsistent values in our 
study. A review found that WTW were discrepancies across 
the studies. They were likely caused by different digital 
image processing techniques carried out by different devices 
and because of heterogeneity of patient characteristics.19 In 
addition, any nose or eyelash shadows, or peripheral corneal 
lesions can consequently affect computerized detection lead-
ing to the variation of WTW measurement.19 Only one 
previous study reported that Pentacam HR provided 
approximately 0.05 mm wider distances than Galilei G2 
and the 95% LoA was not in a clinically acceptable 

Table 2 Mean Differences of All Measurements and 95% Limit of Agreement (LoA)

Parameters Pentacam AXL – Galilei G6 Pearson’s r Mean Difference (SD) P-value 95% LoA

Anterior cornea
K1 (D) 0.996 −0.08 (0.13) <0.001 −0.34, 0.19

K2 (D) 0.994 −0.14 (0.17) <0.001 −0.48, 0.19

Steep meridian (degrees) 0.925 0.87 (6.25) 0.106 −11.39, 13.12
Km (D) 0.997 −0.12 (0.12) <0.001 −0.36, 0.12

Astigmatism (D) 0.969 −0.06 (0.19) 0.015 −0.43, 0.31

Posterior cornea

K1 (D) 0.967 0.02 (0.06) 0.004 −0.09, 0.14
K2 (D) 0.963 0.01 (0.07) 0.103 −0.13, 0.15

Steep meridian (degrees) 0.473 2.81 (10.27) 0.001 −17.31, 22.94

ACD (mm) 0.888 −0.04 (0.16) 0.062 −0.35, 0.27

AL (mm) 0.822 −0.02 (0.03) <0.001 −0.09, 0.04

Pupil size (mm) 0.934 −0.18 (0.27) <0.001 −0.713, 0.350
WTW (mm) 1.000 −0.35 (0.13) <0.001 −0.61, −0.10

Abbreviations: ACD, anterior chamber depth; AL, axial length; K1, flat K; K2, steep K; Km, mean K; LoA, limit of agreement; WTW, white-to-white distance.
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range.15 Thus, the two devices were considered as non- 
interchangeable. Pupil size is an important parameter that 
should be evaluated before cataract surgery. A photopic 

pupil size of greater than 3.0 mm is recommended for multi-
focal IOL implantation.20 The 95% LoA between Pentacam 
AXL and Galilei G6 ranged from −0.71 to 0.35 mm, which 

Figure 1 Bland–Altman plots showing the agreements between anterior corneal parameters obtained by Pentacam AXL and Galilei G6: (A) K1 (flat K), (B) K2 (steep K), 
(C) Km (mean K), and (D) steep meridian. The solid line is the mean difference, the dashed lines are the 95% limit of agreement.

Figure 2 Bland–Altman plots showing the agreements between (A) axial length and (B) anterior chamber depth obtained by Pentacam AXL and Galilei G6. The solid line is 
the mean difference, The dashed lines are the 95% limit of agreement.
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might influence the clinical decision for multifocal IOL 
candidates and the lens models.

This study had some limitations. Firstly, we included 
only normal eyes without cataracts or any corneal pathol-
ogy that could restrain the accuracy of measurements. 
Secondly, we acquired two repeat measurements in each 
eye for the analysis. This might lead to wider Sw and TRT 
values (lower intra-device repeatability) and wider mean 
differences between two devices compared to previous 
studies. However, we expected that our findings might 
closely reflect routine practice situations, in which two 
qualified scans were obtained. Thirdly, we did not compare 
biometric parameters with other standard optical 
biometers, ie, IOL Master or Lenstar LS 900. Since suffi-
cient evidence comparing between Pentacam AXL and 
IOL Master was retrieved,8,10,11,18,21,22 it makes indirect 
comparisons among various devices possible. Corneal cur-
vatures and axial length measured by Pentacam AXL 
seemed to have good agreement with those measured by 
IOL Master.8,18,21 The 95% LoA between both devices 
was favorable, and the small difference should not have 
a significant effect to IOL power calculation. Lastly, we 
did not perform IOL calculations using these parameters, 
and this will be carried out in future study.

In conclusion, this study demonstrated that both Pentacam 
AXL and Galilei G6 provide good repeatability in overall 
parameters, except for steep meridians and anterior astigma-
tism. Comparing between the two devices, most parameters 
obtained from Pentacam AXL were statistically significantly 
different from those obtained from Galilei G6, with the 
exception of steep meridians and ACD. However, clinical 
relevance should be considered in individual parameters 
based on the objective of measurements. Further studies are 
warranted to clarify the effect of different measurements on 
the accuracy of IOL calculation and surgical outcomes.
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