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Purpose: To evaluate the comparability of biometric measurements obtained using the swept-source optical coherence tomography 
(SS-OCT) biometer (Anterion) and the optical low-coherence reflectometry (OLCR) biometer (Lenstar LS900).
Methods: This observational study included 150 cataract patients undergoing preoperative biometry at the General University 
Hospital of Elche. Measurements from the Anterion and Lenstar LS900 were compared for axial length (AL), mean keratometry 
(Km), anterior chamber depth (ACD), lens thickness (LT), and central corneal thickness (CCT). Bland-Altman plots and statistical 
analyses were conducted to assess differences and correlations.
Results: The mean AL measurements showed no significant difference between the two devices (mean difference −0.004 ± 0.053 mm, 
P = 0.420). ACD and LT measurements displayed statistically significant differences, with Anterion showing greater mean values 
(ACD difference: 0.054 ± 0.037 mm, P < 0.001; LT difference: 0.107 ± 0.079 mm, P < 0.001). Mean keratometry was significantly 
flatter by 0.074 ± 0.259D (P = 0.001) in Anterion compared to Lenstar, primarily due to differences in steep keratometry. No 
correlation was found between keratometry differences and corneal asphericity. Estimated intraocular lens (IOL) power for emme-
tropia was significantly higher using Anterion by 0.146 ± 0.398D (P < 0.001), necessitating an A-constant adjustment of approximately 
0.16 to equal mean IOL power in both devices.
Conclusion: a good correlation was found between both biometers. However, due to the differences found between biometric 
measurements between devices, these two biometers should not be considered interchangeable and clinicians should adjust IOL 
constants accordingly. Future studies will be necessary to determine whether one biometer is superior to the other in terms of refractive 
outcome predictability.
Keywords: biometry, swept-source optical coherence tomography, optical low-coherence reflectometry, anterion, Lenstar LS900, IOL 
power calculation, cataract surgery

Introduction
Achieving accurate ocular biometry is crucial for intraocular lens (IOL) power calculation.1,2 Classically IOL power 
calculation was based on ultrasound biometry and the measurement of two parameters: axial length (AL) and mean 
keratometry (Km). With the appearance of partial coherence interferometry (PCI) and optical low-coherence interferometry 
(OLCR) the AL measurement improved significantly, resulting in an improvement in the IOL power calculation accuracy.3–5

Recently swept-source optical coherence tomography (SS-OCT) has become available. SS-OCT uses a tunable laser 
that rapidly sweeps wavelengths to capture high-resolution cross-sectional images of ocular structures, allowing for deeper 

Clinical Ophthalmology 2025:19 2021–2028                                                                  2021
© 2025 Romero et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                    

Open Access Full Text Article

Received: 16 January 2025
Accepted: 10 April 2025
Published: 26 June 2025

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-8846-8307
http://orcid.org/0000-0002-8126-853X
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


tissue penetration and faster acquisition, which allow for axial length measurements in eyes with dense cataracts.6 In 
contrast, OLCR uses a broadband light source to measure the time delay of reflected light through interference patterns, 
providing highly accurate axial length measurements but without generating detailed anatomical images. Several optical 
biometers based on SS-OCT technology including the IOLMaster 700 (Carl Zeiss, Jena, Germany), OA-2000 (Tomey, 
Nagoya, Japan) andArgos (Movu, Komaki, Japan) are now commercially available for ocular biometry.

The Anterion (Heidelberg Engineering Inc., Heidelberg, Germany) is an SS-OCT biometer that allows simultaneous 
topography and biometry, which can improve image acquisition in irregular corneas, and has proven to have good 
repeatability in prior research7,8 studies showed a good agreement between Anterion and an OLCR based biometer, the 
Lenstar LS-900 (Lenstar, Haag-Streit, Köniz, Switzerland) in terms of AL. However, flatter keratometries were obtained 
with Anterior when compared with Lenstar LS900 compromising the interchangeability of the parameters measured by 
both biometers.8–10 The aim of this study is to evaluate the comparability of Anterion biometry with the Lenstar LS900.

Materials and Methods
This cross-sectional prospective observational study included patients with a diagnosis of cataract who were scheduled for 
preoperative examination at the General University Hospital of Elche (Alicante, Spain) between January 2023 and May 2023. 
Eyes with a history of ocular surgery, trauma, corneal or ocular surface disease, or those belonging to contact lens wearers 
were excluded from the study. Only one eye per patient was included: the right eye was selected unless it met the exclusion 
criteria, in which case the left eye was included. This study adhered to the principles of the Declaration of Helsinki and was 
approved by the ethics committee of our institution (PI 7/2020). Patients provided informed consent to participate in the study.

Biometry Devices
Biometer A was the Anterion (Heidelberg Engineering Inc., Heidelberg, Germany), an SS-OCT biometer with a laser 
wavelength of 1300 nm, axial resolution of less than 10 µm, and lateral resolution of less than 35 µm. Keratometric 
values are obtained by means of a 65-radial scan in a 3-mm zone.

Biometer B was the Lenstar LS900 (Haag-Streit AG), an OLCR device that uses an 820 nm superluminiscent diode to 
measure axial length with a resolution of 10 µm. Corneal measurements use 32 points placed at two concentric rings of 
16 points, placed at 1.65-mm and 2.30-mm optical zones.

Patients underwent biometry under consistent conditions. Both biometers were placed in the same room, and ocular 
measurements were obtained by the same examiner on the same day under the same lighting conditions.

Statistical Analysis
A Microsoft Excel datasheet was used for data management. Statistical analysis was performed using SPSS (IBM 
Statistics, v21) Corneal astigmatism was analysed using vectorial analysis as described by Thibos et al.11

Estimated IOL power for emmetropia was calculated by means of the online version of the Barrett Universal-II 
formula using axial length, anterior chamber depth and mean keratometry as biometric variables. The IOL power for 
emmetropia was calculated by interpolation of the two IOL power options closest to emmetropia listed on the calculator 
website. A comparison was performed between the IOL power calculated using the data form the different devices. An 
A-constant of 119.1 was employed for IOL power calculation. Finally, A-constant correction to equal mean IOL power of 
the other device was calculated with the method recently described by Gatinel et al.12

Prior to the analysis, outliers were identified and removed using the interquartile range (IQR) method. The data points 
which fall below first quartile – 1.5 x IQR or above third quartile + 1.5 IQR of the difference between biometers for that 
variables were identified as outliers and removed from the analysis. Kolmogorov–Smirnov test was used to test for 
normal distribution. Descriptive analysis was performed using mean and standard deviation (SD). Comparison between 
both biometers included mean absolute difference, mean arithmetic difference and Bland-Altman plots including 95% 
limits of agreement (LoA). In case of paired samples, t-test for paired samples was employed for mean comparison 
between normally distributed data and Wilcoxon signed-rank test for not normally distributed data. A P-value less than 
0.05 was considered statistically significant.
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Considering the impact of keratometry on intraocular lens power calculations and the different measurement 
diameters used by both devices, if significant differences are found between the biometers in corneal measurements, 
we will explore whether there is a relationship between the measurement differences and corneal asphericity measured by 
Anterion. Corneal asphericity can affect the accuracy of keratometry measurements, as a more aspherical cornea may 
lead to variations in curvature that could influence the calculation of intraocular lens power. A correlation analysis will be 
conducted using Pearson or Spearman correlation coefficients, depending on the normality of the data, to assess the 
strength and direction of the association between the differences in measurements and corneal asphericity.

Results
In total, 150 eyes of 150 patients were included in the study (76 were man (50.66%)) with a mean age of 74.13 ± 6.76 
years. Table 1 presents the outcomes of comparing the biometrical measurements acquired from the two biometers.

Keratometry
Mean keratometry for biometers A and B was 43.90 ± 1.45D (range 39.30–48.21D) and 43.98 ± 1.44D (range 39.07–48.04D), 
respectively. The mean arithmetic difference (Mean Biometer A – Mean Biometer B) was −0.07 ± 0.26D (95% LoA −0.12 to 
−0.03D). The difference between devices in mean keratometry measurements was statistically significant (P = 0.001) 
(Figure 1). For the steep meridian, the mean value was 44.39 ± 1.46D (range 39.52–48.38D) for biometer A and 44.51 ± 
1.47D (range 39.47–48.42D) for biometer B, resulting in a mean arithmetic difference of −0.12 ± 0.32D (P < 0.001) (95% LoA 
−0.17 to −0.07D) (Figure 2). For the flat meridian, the mean value was 43.43 ± 1.51D (range 39.07–48.05D) and 43.45 ± 
1.49D (range 38.66–47.66D) for Anterion and Lenstar, respectively (mean difference = −0.02 ± 0.30D (95% LoA −0.07 to 
0.03D; P = 0.480)) (Figure 3). No correlation was found between the differences in mean keratometry or steep keratometry and 
corneal asphericity (correlation coefficients of 0.23 and 0.13; P = 0.23 and 0.87, respectively) (Supplementary material).

Vectorial Analysis
No statistically significant difference was found between J0 and J45 measured by both devices. The mean J0 for the SS- 
OCT biometer was 0.04 ± 0.40D, whereas for the OLCR biometer it was 0.03 ± 0.46D, resulting in a mean difference of 
0.02 ± 0.66D (95% LoA −0.09 to 0.12D; P = 0.762). The mean J45 for biometer A was −0.00 ± 0.44D, while for 
biometer B it was −0.03 ± 0.45D, with a mean difference of 0.03 ± 0.69D (95% LoA −0.09 to 0.14D; P = 0.642).

Table 1 Comparison of ocular biometric parameters obtained with the swept-source OCT biometer (Anterion) and the optical low- 
coherence reflectometry biometer (Lenstar)

Variable N Anterion Lenstar Mean Difference ± SD [95% CI] P value

Media ± SD (ANT) Min - Max (ANT) Media ± SD (LS) Min - Max (LS)

Axial Length 145 23.536 ± 1.089 21.060–26.920 23.513 ± 1.045 21.060–26.830 −0.004 ± 0.053 [−0.012, 0.005] 0.420

Mean Keratometry 150 43.904 ± 1.446 39.300–48.210 43.979 ± 1.436 39.065–48.040 −0.074 ± 0.259 [−0.116, −0.033] 0.001

Steep Keratometry 150 44.391 ± 1.464 39.520–48.380 44.511 ± 1.472 39.470–48.420 −0.121 ± 0.323 [−0.173, −0.068] <0.001

Flat Keratometry 150 43.428 ± 1.508 39.070–48.050 43.446 ± 1.487 38.660–47.660 −0.017 ± 0.301 [−0.066, 0.031] 0.480

Astigmatism 150 0.969 ± 0.663 0.000–3.000 1.066 ± 0.713 0.080–2.993 −0.097 ± 0.327 [−0.149, −0.044] <0.001

J0 147 0.044± 0.400 −1.447–1.320 0.027 ± 0.458 −1.525–1.253 0.016 ± 0.660 [−0.091, 0.124] 0.762

J45 147 −0.003 ± 0.435 −0.917–1.292 −0.030 ± 0.452 −1.603–1.435 0.026 ± 0.690 [−0.086, 0.139] 0.642

Central Corneal Thickness 150 544.970 ± 36.946 462.000–633.000 546.767 ± 35.667 465.000–640.000 −1.793 ± 10.096 [−3.422, −0.164] 0.031

Anterior Chamber Depth 139 3.035 ± 0.458 1.720–4.040 2.986 ± 0.450 1.690–3.980 0.054 ± 0.037 [0.053, 0.063] <0.001

White to White 144 11.694 ± 0.381 10.640–12.850 11.970 ± 0.366 11.120–13.200 −0.276 ± 0.153 [−0.299, −0.248] <0.001

Lens Thickness 139 4.762 ± 0.378 3.660–5.840 4.655 ± 0.375 3.610–5.760 0.107 ± 0.079 [0.093, 0.120] <0.001
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Central Corneal Thickness
The mean CCT was 544.97 ± 36.95 µm (range 462–633 µm) for Anterion and 546.77 ± 35.67 µm (range 465–640 µm) 
for Lenstar. The mean difference was −1.79 ± 10.10 µm (95% LoA −3.42 to −0.16 µm), which was statistically 
significant (P = 0.031).

Figure 1 Bland-Altman plot for evaluation of average keratometry (Biometer A Anterion, Biometer B = Lenstar LS900). Difference is measured in dioptres. The upper and 
lower lines are 95% limits of agreement.

Figure 2 Bland-Altman plot for evaluation of steep keratometry (Biometer A = Anterion, Biometer B = Lenstar LS900). Difference is measured in dioptres. The upper and 
lower lines are 95% limits of agreement.
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Anterior Chamber Depth and Lens Thickness
The mean ACD was 3.04 ± 0.46 mm (range 1.72–4.04 mm) for Anterion and 2.99 ± 0.45 mm (range 1.69–3.98 mm) for 
Lenstar. A statistically significant difference was found between the values of ACD measured by the biometers (P < 0.001) 
with a mean arithmetic difference between biometers for ACD of 0.05 ± 0.04 mm (95% LoA 0.05 to 0.06 mm) (Figure 4).

The mean LT was 4.76 ± 0.38 mm (range 3.66–5.84 mm) for the SS-OCT biometer and 4.66 ± 0.38 mm (range 
3.61–5.76 mm) for the OLCR biometer. A statistically significant difference was found between the values of LT 

Figure 3 Bland-Altman plot for evaluation of flat keratometry (Biometer A = Anterion, Biometer B = Lenstar LS900). Difference is measured in dioptres. The upper and 
lower lines are 95% limits of agreement.

Figure 4 Bland-Altman plot for evaluation of flat Anterior Chamber Depth in mm (Biometer A = Anterion, Biometer B = Lenstar LS900). Difference is measured in mm. 
The upper and lower lines are 95% limits of agreement.
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measured by the biometers (P < 0.001) with a mean arithmetic difference between biometers for LT of 0.11 ± 0.08 mm 
(95% LoA 0.09 to 0.12 mm). The Bland-Altman plot evaluating the LT measurements from both devices can be found in 
the Supplementary Materials.

Axial Length
The mean AL was 23.54 ± 1.09 mm (range 21.06–26.92 mm) for Anterion and 23.51 ± 1.05 mm (range 21.06–26.83 mm) for 
Lenstar. No statistically significant difference was found between the values of AL measured by the biometers (P = 0.420) with 
a mean arithmetic difference between biometers for AL of −0.00 ± 0.05 mm (95% LoA −0.01 to 0.01 mm) (Figure 5).

IOL Power Calculation
A significant difference between devices of 0.15 ± 0.40D [0.08, 0.21] (p <0.001) in the estimated IOL power for 
emmetropia was found. The mean IOL power calculated with Anterion biometry was 21.12 ± 3.51D whereas for Lenstar 
was 20.98 ± 3.47 D. For this cohort, with a base A constant of 119.1, an addition of 0.169 (Updated A constant = 
119.269) was required to equal the mean IOL power calculated for emmetropia between the two biometers.

Discussion
Various biometers available on the market employ diverse measurement technologies, many of which have been 
compared in recent studies. This study was delved to examine the difference in biometrical measurements provided by 
two biometers with two different technologies: SS-OCT (Anterion) and OLCR (Lenstar LS900). Previous studies focused 
on the repeatability of these two devices showing in general good repeatability of measurements.7–9,13

To the best of our knowledge, this is the largest study ever conducted analyzing the comparability of these two 
devices. We found no significant difference in axial length measurements between the two biometers. In our study, we 
found a statistically significant difference in anterior chamber depth (0.036 ± 0.113 mm [95% LoA 0.017–0.054 mm]; 
P < 0.001) and lens thickness (0.141 ± 0.198 mm [95% LoA 0.109–0.173 mm]; P < 0.001) measurements between the 
two biometers. Similarly, the study conducted by Fisus found that lens thickness was significantly larger when measured 
with Anterion compared to Lenstar (0.190 ± 0.435 mm).8 However, in the aforementioned study, ACD was found to be 

Figure 5 Bland-Altman plot for evaluation of flat Axial Length (Biometer A = Anterion, Biometer B = Lenstar LS900). Difference is measured in mm. The upper and lower 
lines are 95% limits of agreement.
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significantly shorter with Anterion compared to Lenstar (0.115 ± 0.399 mm).8 Cheng et al conducted a study comparing 
four different biometers, including Anterion and Lenstar. In that study no significant difference was found between ACD 
measurements between these two devices. Cooke et al found that in some patients, the Lenstar software misinterprets the 
OLCR spike used to identify the anterior and posterior capsular bag. By using a custom-made software called 
Spikefinder, Lenstar’s anterior chamber and lens thickness measurements could be enhanced.14 These findings could 
partially explain the differences in ACD and LT observed in our study.

Mean keratometry was significantly flatter by 0.074 ± 0.259D (95% LoA −0.116 to −0.033D) in Anterion compared 
with Lenstar. This difference was primarily attributed to the steep keratometry, which was 0.121 ± 0.323D (P < 0.001) 
less steep in Anterion, while no significant differences were found in the flat keratometry (−0.017 ± 0.301D, P = 0.480). 
Cheng et al performed a comparison in steep and flat keratometry measured with Anterion and Lenstar. Although 
keratometric measurements tend to be less powerful with Anterion, there was no significant statistical difference between 
devices in corneal measurements.10 Fisus et al found a statistically significant mean difference of −0.150D in mean 
keratometry measurements obtained with Anterion compared to Lenstar.8

Given the impact that variations in keratometry can have on the accuracy of lens calculations, we aimed to analyze 
whether there was a correlation between the observed differences and corneal asphericity measured with Anterion. 
Corneal asphericity is a measure that describes the curvature of the cornea, specifically how that curvature changes from 
the center to the periphery. We considered analyzing this variable to be relevant since Lenstar uses reflective keratometry 
at 1.65 mm and 2.30 mm optical zones, while Anterion obtains keratometric values through a 65-radial scan in a 3-mm 
zone. Therefore, theoretically, higher corneal asphericities could induce greater differences between devices. However, 
we found no correlation between corneal asphericity and the differences in keratometry measurements between the 
devices. Thus, at least in normal corneas, corneal asphericity does not account for the discrepancies in keratometric 
readings provided by both biometers.

IOL power calculation has already been compared between both devices.9 In a previous cross-sectional study 
conducted by Shetty et al it was found that the mean IOL power for emmetropia calculated with Barrett Universal-II 
was 21.95D for Lenstar and 21.64D for Anterion. This results contrast with the results of our paper. We found that the 
IOL power calculated with Lenstar was 0.146 ± 0.398D [0.078, 0.213] (p < 0.001) lower than that calculated with 
Anterion. The fact that Shetty et al found that the mean IOL power for emmetropia was 0.31D lower for Anterion while it 
is described that Anterion obtained comparable axial length, lower mean keratometry by 0.26D and a larger mean ACD 
by 0.03 mm calls into question the consistency of these results.

In our paper, to equalize the mean IOL power for emmetropia between both biometers, the A-constant would need to be 
adjusted by approximately 0.16 for the sample in this study using the Barrett Universal II formula. Aristodemou et al found that 
the percentage of eyes within half a diopter of PE did not drop drastically with a difference of 0.16 in A-constant, making it 
possible to use non-optimized constants from one device to the other without a significant decrease in lens calculation accuracy. 
However, these results were obtained using third-generation formulas, where a higher standard deviation in predictive error 
might make them more tolerant of small errors in the lens constant. The effect of such small differences on the latest generation 
IOL power calculation formulas remains to be demonstrated. Therefore, although this difference have little effect on the final 
refractive outcome, to achieve the best possible outcomes, the constants should be optimized by lens model and biometer to 
maximize results. In this regard, IOLCon provides the option to search for optimized constants filtered by the lens and the 
biometer used for measurements. Future studies will be necessary to determine whether one biometer is superior to the other in 
terms of refractive outcome predictability.

In conclusion, this study demonstrates significant differences between SS-OCT (Anterion) and OLCR (Lenstar) in 
ACD, LT and keratometry measurements, particularly in steep keratometry. No significant differences were found in AL 
indicating acceptable comparability in this parameter. Although differences in mean IOL power calculated for emme-
tropia were observed, their clinical impact appears minimal, especially if properly adjusting the A-constant. Future 
studies are needed to determine whether one device offers superior refractive outcome predictability.
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