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Purpose: To compare biometry measurements obtained by a partial interferometer biometer

(IOLMaster 500) to the new Scheimpflug tomography with an integrated axial length

biometer module (Pentacam AXL).

Patients and Methods: Cataract patients who underwent biometric measurements with the

IOL Master 500 and the Pentacam AXL from July to November 2017 were enrolled in this

study. Comparisons were performed for axial length (AL), keratometry (K), and anterior

chamber depth (ACD). The Pearson correlation coefficient and the 95% limits of agreement

(LoA) were calculated. Paired Student’s t-tests and Bland-Altman plots were used to assess

the differences between devices.

Results: One hundred and sixty-six eyes of 92 patients were analyzed. There were no

statistically significant differences in AL (p=0.558) or flat K (p=0.196) values between the

IOL Master 500 and Pentacam AXL measurements. Statistically significant differences were

found between the two devices with respect to steep K, ACD, and mean K measurements

(p<0.001).

Conclusion: Both devices provided similar measurements of AL and flat K, though there

were statistically significant differences in ACD, steep K, and mean K measurements.

Keywords: anterior chamber depth, axial length, biometry, IOLMaster 500, partial

coherence interferometry, pentacam AXL

Introduction
Accurate biometry measurements are critical to achieving target refraction of emme-

tropia following cataract surgery. New surgical techniques in conjunction with tech-

nological advances have improved the accuracy of biometry data and intraocular lens

calculations.1,2

A number of devices have proven to be reliable in calculating pre-cataract surgery

measurements, including low-coherence reflectometry (Lenstar LS 900, Haag-Streit

AG), Scheimpflung camera-based devices (Galilei G6, Ziemer Ophthalmic Systems

AG; Pentacam, Oculus, Wetzlar, Germany)3–5 and partial coherence interferometry

(IOLMaster 500 and 700, Zeiss, Oberkochen, Germany).6 The IOLMaster device is

currently the most widely used device for biometric measurements.7

The Pentacam is a non-contact tomographer that provides tomographic maps of the

anterior and posterior corneal surfaces, corneal thickness, and anterior chamber depth
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(ACD) by using a rotating Scheimpflug camera to image the

anterior segment of the eye with proven efficacy and

accuracy.8,9 The new Pentacam AXL combines the

Scheimpflug camera device with an additional partial coher-

ence interferometry (PCI) module to measure axial length

(AL) in conjunction with anterior segment biometry

measurements.10 While the IOL Master 500 and the

Pentacam AXL both use PCI technology to measure AL,

the IOL Master 500 measures only the anterior corneal

curvature to calculate corneal power, whereas the

Scheimpflug device has the ability to measure posterior

corneal curvature in addition to anterior corneal curvature.

The IOL Master 700 now has the ability to measure both the

anterior and posterior corneal curvature with integrated OCT,

and metrics have been developed for total keratometric mea-

surements of both surfaces. This is a valuable capability of

the Pentacam, as studies have shown that ignoring posterior

astigmatism can lead to miscalculation of corneal power.11

Studies have compared the IOL Master 700 and Pentacam

AXL; however, to the best of our knowledge, this is the most

extensive comparative analysis of the IOL Master 500 and

Pentacam AXL, which is essential due to the widespread use

of the IOL Master 500. The purpose of this study was to

compare ocular biometry measurements obtained by partial

coherence interferometry (IOLMaster 500) and the new

Pentacam AXL module.

Materials and Methods
This retrospective study enrolled 92 patients (166 eyes)

with cataracts who underwent femtosecond laser-assisted

cataract surgery at the Waring Vision Institute, South

Carolina, between July 2017 and November 2017. The

study protocol was approved by the Medical University

of South Carolina Institutional Review Board. Informed

consent was waived as the data were collected as a part of

standard practice of care and adhered to the tenets of the

Declaration of Helsinki. Exclusion criteria included (1)

patients with corneal diseases that may interfere with the

capture of topographic measures (eg, scars), (2) patients

who were pregnant or breastfeeding, (3) history of ocular

herpes, (4) history of corneal dysplasia or conjunctival

lesions, (5) patients taking medications that may interfere

with corneal surface (eg, Isotretinoin, Roacutan®), or (5)

any other severe anterior or posterior segment pathology

that may interfere with measurement accuracy.

Optical biometry measurements (IOLMaster 500, soft-

ware version 7.99) including AL, keratometry (K), and ACD

were correlated with Pentacam AXL (software version

6.08r19) AL, K (within the central 3-mm optical zone), and

ACD measurements. Pentacam AXL measurements were

taken automatically to avoid operator-dependent factors.

Statistical Analysis
Data analysis was performed using R 3.4.1 (R Core Team,

2017, Vienna, Austria). Paired Student’s t-tests were con-

ducted for all pairs. Correlations are presented as Bland-

Altman plots and by the Lin coefficient of agreement (rc),

where values close to 1 indicate good agreement. In the

Bland-Altman plots, the dashed lines indicate the 95%

limits of agreement for the mean difference between the

measurements of the compared devices (Pentacam AXL

and IOLMaster 500).

Results
One hundred and sixty-six eyes of ninety-two patients were

enrolled in this study. The mean age was 69.3 ± 9.2 years

(range 26 to 88 years). Of these individuals, 20 patients had

measurements performed only in one eye, while 73 patients

had both eyes measured. Since the study intended to assess

the agreement between the devices, we considered each eye

to be independent of the other with a total sample of 73 * 2 +

20 = 166 eyes.

Table 1 shows the AL, ACD, and K measurements

taken by both devices. We reported the p-values, upper

and lower limits of agreement of corneal curvature (flat

and steep Ks), ACD, and AL for measurements taken with

the IOL Master 500 and Pentacam AXL.

No statistically significant differences were observed for

mean AL or flat K measurements between the IOL Master

500 and the new AXLmodule (Figures 1 and 2). The Bland–

Altman analysis of AL measured with the Pentacam AXL

and the IOL Master 500 showed a mean difference of

−0.002 mm, an upper limit of agreement of 0.086, and

a lower limit of agreement of −0.09, with p = 0.058. For

flat K, there was a mean difference of −0.064 mm, an upper

limit of agreement of 0.0678, and a lower limit of agreement

of −0.807, with p = 0.058. Statistically significant differences

were found for mean K (p<0.001), steep K (p<0.001), and

ACD (p<0.001 (Figures 3–5)). Also, we performed an ana-

lysis and divided the AL into a subgroup for small, medium,

and long eyes. We did not find any statistical differences.

The mean numerical difference in mean K was −0.106
D (range −0.150 to −0.061 D), while the mean numerical

difference of steep K was −0.169 D (range −0.223 to

−0.114 D). The mean numerical difference for ACD was

0.049 mm (range 0.027 to 0.072 mm).

Haddad et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Clinical Ophthalmology 2020:14354

http://www.dovepress.com
http://www.dovepress.com


Discussion
Scheimpflug imaging is widely used in clinical practice

due to its accurate and reliable measurements of the ante-

rior segment of the eye. The Pentacam provides accurate

K and ACD measurements, as well as a variety of indices

to help diagnose ectasias and corneal diseases.12 The new-

est version comes with an additional module, the AXL,

which measures the AL from the anterior cornea vertex to

the retinal pigment epithelium for biometry calculation.

With the integration of high-resolution tomography and

optical biometry, the Pentacam AXL has a number of

potential advantages. Advanced generation intraocular

lens calculators, including post corneal refractive calcula-

tors, are integrated and allow for real-time calculation of

IOL powers. Total K measurements of not only the ante-

rior and posterior corneal surface powers, but also the

relative meridional contribution, are also novel and may

aid in the evaluation of posterior corneal astigmatism. As

described by Koch and Kohnen, the magnitude of poster-

ior corneal astigmatism is approximately 0.30 D. Taking

this information into account when calculating toric IOL in

patients with astigmatism may lead to more accurate

results.11,13 Furthermore, the ability to have a combined

device can streamline workflow, efficiencies, space, and

cost. However, the validation of biometric data is required

to justify the use of a single consolidated device.

The IOL Master 500 uses the principle of

partial coherence interferometry, and its successor, the

IOL Master 700, incorporates optical coherence

tomography.14,15 Both devices produce similar results,

but the latter has been shown to have higher accuracy

for posterior subcapsular and dense cataracts.7 The IOL

Master projects six light spots onto the cornea in

a hexagonal pattern to assess anterior corneal curvature

and performs measurements using a 2.3-mm radius. In

contrast, the Pentacam’s simulated K measurements are

generated using anterior and posterior corneal elevation

values in the central 3 mm.16 Repeatability and accuracy

of both the IOL Master and Pentacam have been

described in the literature.16

Table 1 Means and Standard Deviations of the Differences

Measure Pentacam IOL Master Mean Difference (95% CI) Bias (95% Predictive Interval) p valuea

K mean 43.75 ± 2.09 (n=166) 43.85 ± 2.16 (n=166) −0.11 [−0.15; −0.06] −0.11 [−0.69; 0.48] <0.001

K flat 43.34 ± 2.08 (n=164) 43.40 ± 2.18 (n=164) −0.06 [−0.12; −0.01] −0.06 [−0.81; 0.68] 0.028

K steep 44.18 ± 2.15 (n=166) 44.35 ± 2.20 (n=166) −0.17 [−0.22; −0.11] −0.17 [−0.88; 0.54] <0.001

AL 24.03 ± 1.37 (n=163) 24.03 ± 1.37 (n=163) −0.002 [−0.009; 0.005] −0.002 [−0.09; 0.086] 0.558

ACD 3.24 ± 0.41 (n=166) 3.19 ± 0.44 (n=166) 0.05 [0.03; 0.07] 0.05 [−0.25; 0.35] <0.001

Note: aPaired Student’s t-test.
Abbreviations: AL, axial length; ACD, anterior chamber depth; CI, confidence interval.

Figure 1 Bland-Altman plot for axial length according to Pentacam and IOL Master measurements.
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Shajari et al found no statistically significant differences

in K, ACD, or AL among IOL Master 500, IOL Master 700,

and Pentacam AXL measurements in a sample size of 79

eyes.17 Another recent study by Sel et al found that measures

from the IOLMaster 700 and PentacamAXL devicesmay be

interchangeable for ACD and AL measurements, but mea-

surements of mean K were statistically and clinically

different.18 Likewise, Dong et al found statistically signifi-

cant differences in K between the Pentacam and IOLMaster

500, while another study showed that Pentacam’s simulated

K was found to be within less than 0.50 D of the IOLMaster

500 95% of the time.19,20

Our study is one of the largest in the literature compar-

ing the IOLMaster 500 and Pentacam AXL module, with

a sample size of 166 eyes. In this study, we found no

significant difference in AL or flat K measurements with

the Pentacam AXL and IOL Master 500, though we did

find statistically significant differences in mean K, steep K,

and ACD (Figures 3–5). Since both devices use PCI to

measure AL, it is not surprising that the calculations of AL

were similar. Interestingly, despite measuring corneal cur-

vature using different technologies, the flat K values

obtained by the IOL Master and the new Pentacam module

were not statistically significantly different. However, the

Figure 3 Bland-Altman plot for keratometry mean according to Pentacam and IOL Master measurements.

Figure 2 Bland-Altman plot for keratometry flat according to Pentacam and IOL Master measurements.
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differences in mean and steep K and ACD could have

essential implications on IOL calculations and may signify

that these two devices should not be used interchangeably

for IOL calculations.

Conclusion
In conclusion, the IOLMaster 500 and the Pentacam AXL

provide similar measurements of AL, though K and ACD

measurements are statistically different. Given that the

Pentacam uses partial coherence interferometry which

takes into account the posterior as well as the anterior

curvature of the cornea, it has been shown to provide

accurate measurements of AL. The Pentacam AXL

appears to be suitable for use as an all-inclusive optical

biometer and corneal tomographer, as it combines

PCI technology for obtaining accurate AL measurements

with Scheimpflug technology to obtain ACD and

K measurements.

Abbreviations
ACD, anterior chamber depth; AL, axial length; K, kera-

tometry; PCI, partial coherence interferometry.

Figure 5 Bland-Altman plot for anterior chamber depth according to Pentacam and IOL Master measurements.

Figure 4 Bland-Altman plot for steep keratometry according to Pentacam and IOL Master measurements.
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