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Abstract

Objectives: The objectives are to compare axial length (AL) measurements obtained using swept-source optical biome-
ters and contact A-scan ultrasonography (USG) in eyes with mature cataract, and to evaluate inter-device agreement and 
acquisition success rates. 
Methods: This retrospective cross-sectional study included eyes with clinically defined mature cataract. AL measure-
ments were obtained using two swept-source optical devices (Tomey - OA and Heidelberg Anterion) and contact A-scan 
USG (Tomey UD-800), all performed on the same day by a single examiner. Inter-device comparisons, Bland–Altman 
agreement analyses, and intraclass correlation coefficients (ICC) were calculated. Optical measurement failure rates were 
recorded. 
Results: AL measurements were successfully obtained with both optical biometers in 50 eyes. AL values showed strong 
agreement between the Tomey - OA OA-2000 and Anterion, with no significant inter-device difference. In contrast, 
contact A-scan USG yielded significantly shorter AL measurements compared with both optical devices (mean difference 
approximately 0.26–0.30 mm). Optical biometry failed to obtain AL measurements in approximately one-third of eyes 
with mature cataract. Inter-method reliability for AL was high (ICC >0.90). 
Conclusion: Swept-source optical biometers provide consistent and interchangeable AL measurements in eyes with 
mature cataract when measurements are obtainable. However, optical acquisition failure remains common in advanced 
cataracts, highlighting the continued clinical relevance of A-scan USG. The systematic tendency of contact ultrasound to 
produce shorter AL measurements should be considered during intraocular lens power calculation.
Keywords: A-scan ultrasonography, axial length, intraocular lens power calculation, mature cataract, swept-source 
optical biometry

Introduction
A mature cataract represents an advanced stage of lens 
opacification in which all cortical fibers become opaque, re-
sulting in severe visual impairment and increased complexi-
ty of surgical management (1). Accurate ocular biometry is 
therefore particularly critical in patients with mature cata-

racts to achieve optimal refractive outcomes following cat-
aract surgery.

Intraocular lens (IOL) power calculation relies on several 
key biometric parameters, including keratometry, axial length 
(AL), anterior chamber depth (ACD), and lens thickness (LT) 
(2-4). Among these parameters, AL is the most influential de-
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terminant of post-operative refractive accuracy. As IOL calcula-
tion formulas continue to evolve and incorporate an increasing 
number of biometric inputs, the need for precise and reliable 
ocular biometry has become even more pronounced (5-7).

Optical biometry based on partial coherence interferome-
try (PCI) and, more recently, swept-source optical coherence 
tomography (SS-OCT) has become the standard method for 
AL measurement because of its high accuracy, reproducibility, 
and non-contact nature (8). SS-OCT-based devices, utilizing 
longer wavelengths and advanced signal-processing algorithms, 
have demonstrated superior AL acquisition success compared 
with PCI-based systems (9). Nevertheless, in eyes with ma-
ture or very dense cataracts, severe lens opacification can 
significantly limit optical signal penetration, and reliable AL 
measurements may still not be obtainable even with advanced 
swept-source technology (10).

Despite the widespread adoption of optical biometry in 
routine clinical practice, A-scan ultrasonography (USG) con-
tinues to play an essential role in the evaluation of dense 
and mature cataracts. When optical biometry fails, AL mea-
surement must necessarily be performed using ultrasound. 
Moreover, ultrasound biometry remains widely used in 
many developing countries due to its cost-effectiveness and 
the higher prevalence of advanced cataracts in these set-
tings (11,12). Although newer SS-OCT-based optical devic-
es offer improved accuracy, their performance may still be 
constrained by patient-related factors such as severe lens 
opacity, underscoring the continued clinical relevance of ul-
trasound-based biometry (13).

The primary aim of this study was to compare AL mea-
surements obtained using three different modalities in eyes 
with mature cataracts: the Tomey-OA swept-source optical 
biometer, the Heidelberg Anterion swept-source OCT device, 
and contact A-scan USG. Secondary objectives included eval-
uating inter-device agreement, measurement reliability, and AL 
acquisition success rates under real-world clinical conditions.

Methods

This retrospective cross-sectional observational study evaluated 
AL measurements obtained using three different biometric devic-
es in consecutive patients with mature cataract who underwent 
preoperative cataract assessment at the Ophthalmology Clinic of 
Cam and Sakura City Hospital a tertiary referral center.

Mature cataract was clinically defined as complete lens 
opacification precluding visualization of the posterior seg-
ment on dilated fundus examination.

All included patients underwent AL measurements using 
three different biometry techniques. Optical biometry was 
performed with the Tomey OA-2000 (Tomey Corporation, 
Japan), a SS-OCT-based device providing AL, keratometry, 
ACD, and LT measurements, and with the Anterion® (Hei-

delberg Engineering, Germany), a high-resolution anterior 
segment SS-OCT platform capable of acquiring AL and addi-
tional biometric parameters.

Ultrasonic AL measurements were obtained using the 
Tomey UD-800 contact A-scan USG device. Contact A-scan 
measurements were performed by an experienced examiner 
using the applanation technique with careful perpendicular 
alignment to the visual axis. Topical anesthesia was instilled 
prior to measurement, and minimal corneal contact was en-
sured to reduce the potential effect of corneal indentation.

All measurements were obtained on the same day by 
the same examiner to minimize inter-operator variability. 
For each device, three consecutive measurements were ac-
quired, and the mean AL value was used for statistical anal-
ysis. Measurement failure due to dense media opacity was 
recorded for the optical biometers. Comparisons of AL val-
ues between devices were performed only in eyes in which 
measurements were successfully obtained with the respec-
tive modality. To avoid possible corneal compression affect-
ing optical measurements, contact ultrasound biometry was 
deliberately performed after completion of measurements 
with the two non-contact optical devices.

Patients with coexisting corneal pathology, extreme ALs 
(<20 mm or >28 mm), retinal detachment, previous intraocular 
surgery, or any condition preventing adequate posterior seg-
ment assessment even with USG were excluded. Demographic 
and clinical data collected included age, sex, laterality, keratom-
etry, ACD, LT, and AL measurements. The primary outcome 
measure was the comparison of AL values obtained with the 
three biometry techniques, while secondary outcomes included 
measurement success rates and inter-device agreement.

The study was conducted in accordance with the tenets 
of the Declaration of Helsinki and was approved by the local 
Institutional Ethics Committee (2023-252).

Statistical Analysis
All statistical analyses were performed using Statistical Pack-
age for Social Sciences (version 22.0; IBM Corp., Armonk, NY, 
USA). Normality of distributions was assessed using the Shap-
iro-Wilk test. For AL, comparisons across USG, Tomey- OA, 
and Anterion were performed using the Friedman test. If sig-
nificant, post hoc pairwise comparisons were conducted using 
the Wilcoxon signed-rank test with Bonferroni correction. 
For Tomey-OA versus Anterion comparisons of other pa-
rameters, paired t-tests or Wilcoxon signed-rank tests were 
used as appropriate. Agreement was assessed using Bland-Al-
tman statistics (bias and 95% limits of agreement). Bland-Al-
tman plots were provided for AL only; agreement for other 
parameters was reported numerically. Inter-device reliability 
was assessed using intraclass correlation coefficients (ICC). A 
two-sided p<0.05 was considered statistically significant.
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Results
AL measurements were attempted in 79 eyes with mature cat-
aract using both devices. AL could not be measured in 24 eyes 
with the Tomey - OA device and in 26 eyes with the Anterion 
device (p=0.875). A total of 50 eyes in which AL measure-
ments were successfully obtained with both devices were in-
cluded in the final analysis. The mean age was 69.1±10.2 years, 
and 27 (54.0%) were male. Paired comparisons of Tomey - OA 
and Anterion measurements for biometric parameters are 
summarized in Table 1. Overall, Tomey - OA produced slightly 
higher anterior keratometry readings, lower LT and deeper 
ACD than Anterion, while the remaining parameters showed 
no statistically significant differences.

AL differed significantly across the three measurement 
methods (USG, Tomey - OA, and Anterion). Post hoc analy-
ses indicated that USG tended to yield shorter AL measure-
ments than both optical biometers, whereas no statistically 
significant difference was observed between Tomey - OA 
and Anterion (Table 2).

A summary of AL measurements across methods, including 
pairwise comparisons and Bland–Altman agreement statistics, 
is provided in Table 2. Bland-Altman plots are presented for 
AL to visualize pairwise agreement. Compared with Anterion, 
USG tended to produce shorter AL measurements, indicating 
a systematic negative bias (Fig. 1). A similar negative bias was 
observed when comparing USG with Tomey - OA (Fig. 2). In 
contrast, Anterion and Tomey - OA showed minimal mean bias 
with relatively narrow limits of agreement, supporting close 
agreement between the two optical biometers (Fig. 3).

Inter-method reliability for AL was high in complete 
cases measured by all three methods, with strong absolute 
agreement (ICC(2,1)=0.919) and similarly high consisten-
cy (ICC(3,1)=0.940). For non-AL parameters, agreement 
between Tomey - OA and Anterion is summarized using 
Bland-Altman bias and 95% limits of agreement in Table 3. 
Inter-device reliability for these parameters, assessed using 
ICC(2,1) absolute agreement, is presented in Table 4.

Table 1. Comparison of biometric measurements among devices

Parameter USG Tomey - OA Anterion P

AL (mm) 23.05±0.85 23.17±0.90 23.15±0.89 <0.001

K1 (D) 42.87±2.28 42.67±1.85 0.013

K2 (D) 44.35±1.80 44.13±1.61 0.025

Avg K (D) 43.61±1.92 43.40±1.58 0.011

Corneal 
astigmatism (D)

1.48±1.46 1.46±1.43 0.489

ACD (mm) 3.51±0.53 3.26±0.50 0.017

WTW 11.99±0.48 11.59±0.44 0.099

Pupil diameter 
(mm)

5.28±1.50 4.95±1.30 0.394

LT (mm) 4.27±0.43 4.51±0.42 <0.001

AL:  Axial length,  ACD:  Anterior chamber depth, LT: Lens thickness, WTW: White-
to-white, USG: Ultrasonography, K1: Flat keratometry, K2: Steep keratometry, 
Avg K: Mean keratometry, D: Diopter. Values are presented as mean±standard 
deviation. P-values are from paired comparisons between devices.

Table 2. Pairwise comparisons of axial length measurements among 
USG, Tomey - OA, and Anterion

Item
Mean 

difference
P

95% LoA 
(min/max)

USG versus Tomey - OA –0.261±0.367 <0.0001 –0.980–0.458

USG versus Anterion –0.298±0.428 0.0001 –1.137–0.541

Tomey - OA versus 
Anterion

0.005±0.075 0.8857 —

LoA: Limits of agreement, USG: Ultrasonography.

Figure 1. Bland-Altman plot for axial length: Ultrasonography versus 
Anterion.

Figure 2. Bland-Altman plot for axial length: Ultrasonography versus 
Tomey – OA.
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Discussion
Accurate AL measurement is fundamental to achieving op-
timal refractive outcomes after cataract surgery, particular-
ly in eyes with mature cataract where dense media opacity 
poses significant challenges to biometric assessment. In this 
study, AL measurements obtained using two swept-source 
optical biometers, the Tomey - OA and Heidelberg Anteri-
on, were compared with contact A-scan USG in eyes with 
mature cataract. The findings demonstrated a high level of 
agreement between the two swept-source optical devices 
when measurements were successfully acquired, while con-
tact A-scan USG yielded significantly shorter AL values com-
pared with both optical biometers. Moreover, AL acquisition 
with swept-source optical biometry was not achievable in 
a substantial proportion of eyes, highlighting the persistent 
clinical relevance of ultrasound biometry in the evaluation of 
mature cataracts.

Numerous studies have compared optical biometric de-
vices in eyes with mature or dense cataracts (6,7,10,11,13-
16).However, studies evaluating SS-OCT-based biometers 
in comparison with earlier biometric technologies in dense 
cataracts remain limited (8-10,13,14,16-18). Moreover, direct 
comparisons among SS-OCT devices themselves are scarce. 
To the best of our knowledge, this is among the first stud-
ies to directly compare the Heidelberg Anterion and Tom-
ey - OA swept-source biometers specifically in eyes with 
mature cataract.” Our findings indicate that even in mature 
cataracts, AL measurements obtained with the Tomey - OA 
and Heidelberg Anterion remain highly comparable, with no 
significant inter-device difference when measurements are 
successfully acquired.

Ocular biometry devices based on SS-OCT principles are 
known to have a superior ability to successfully measure AL 
compared with PCI-based systems (9,14,15). Nevertheless, 
even advanced swept-source OCT-based devices may fail to 
obtain reliable measurements in eyes with mature or very 
dense cataracts (10,13). In such cases, AL assessment neces-
sarily relies on A-scan USG. Although optical and ultrasound 
biometry devices are both widely used in clinical practice, 
ultrasound biometry remains particularly important in de-
veloping countries owing to its cost-effectiveness and the 
higher prevalence of advanced cataracts. Previous studies 
have demonstrated a high correlation between swept-source 
OCT-based optical biometers and ultrasound AL measure-
ments in dense cataract cohorts; however, systematic differ-
ences between these techniques have also been consistently 
reported (10,11). In the present study, AL measurements 
obtained using contact A-scan USG were consistently short-
er than those obtained with swept-source optical biometers, 
with a mean difference of approximately 0.26–0.30 mm. This Figure 3. Bland-Altman plot for axial length: Anterion versus Tomey – OA.

Table 3. Agreement between Tomey - OA and anterion for 
biometric parameters

Parameter Mean LoA min LoA max

ACD (mm) 0.224 –0.403 0.852

LT (mm) –0.196 –0.756 0.363

WTW (mm) 0.243 –0.525 1.012

Pupil diameter 0.347 –2.498 3.191

Corneal astigmatism (D) –0.016 –1.898 1.866

K1 (D) 0.188 –1.955 2.331

K2 (D) 0.203 –0.747 1.154

Avg K (D) 0.222 –1.147 1.590

AL: Axial length, ACD: Anterior chamber depth, LT: Lens thickness, WTW: 
White-to-white, K1: Flat keratometry, K2: Steep keratometry, Avg K: Mean 

keratometry, D: Diopter. Agreement is summarized numerically using Bland-
Altman bias and 95% limits of agreement (LoA).

Table 4. Inter-device reliability between Tomey - OA and anterion 
for biometric parameters (ICC)

Parameter ICC(2,1) absolute agreement

ACD 0.731

LT 0.694

WTW 0.462

Pupil diameter 0.370

Corneal astigmatism 0.734

K1 0.858

K2 0.953

Avg K 0.916

AL: Axial length, ACD: Anterior chamber depth, LT: Lens thickness, WTW: 
White-to-white, K1: Flat keratometry, K2: Steep keratometry, Avg K: Mean 
keratometry, D: Diopter. ICC(2,1) was calculated using a two-way random 
effects model with absolute agreement
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finding is in agreement with earlier studies comparing opti-
cal and ultrasound biometry, which have similarly reported 
shorter AL values with contact ultrasound measurements 
(3,10,11). These discrepancies have primarily been attribut-
ed to corneal indentation associated with the applanation 
technique, as well as differences in the anatomical reference 
points used by ultrasound- and optical-based devices, and 
have been observed in both PCI- and swept-source OCT-
based comparative studies.

The close agreement observed between the Tomey - OA 
and the Heidelberg Anterion devices in the present study 
is another important finding. Bland-Altman analysis demon-
strated minimal mean bias and relatively narrow limits of 
agreement between the two swept-source optical biome-
ters, indicating that AL measurements obtained with these 
devices are largely interchangeable when successful acqui-
sition is achieved. This finding is consistent with previous 
reports showing high agreement among swept-source opti-
cal biometers, including comparisons between devices such 
as the IOL Master 700, OA-2000, Heidelberg Anterion and 
other SS-OCT-based platforms (17-20). Although the Ante-
rion device was originally designed as an anterior segment 
imaging platform, its AL measurement capability demon-
strated good agreement with a dedicated optical biometer in 
the present study, supporting its potential utility in selected 
cases. Therefore, while good agreement was observed be-
tween swept-source optical biometers in measurable cases, 
these results should be interpreted in the context of the 
relatively high optical acquisition failure rate in eyes with ma-
ture cataract.

Despite these favorable agreement results, it is note-
worthy that AL measurements could not be obtained with 
swept-source optical biometers in approximately one-third 
of the eyes included in this study. Severe lens opacification in 
mature cataract remains a major limitation for optical biom-
etry, even with the longer wavelengths and improved signal 
penetration of swept-source technology. Similar acquisition 
failure rates in dense or mature cataracts have been report-
ed in previous studies, emphasizing that optical biometry 
cannot yet fully replace ultrasound in all clinical scenarios 
(21,22).

From a clinical perspective, these findings underscore the 
importance of being aware of systematic differences between 
measurement modalities. When ultrasound biometry is used 
as a fallback method due to optical measurement failure, sur-
geons should recognize the tendency toward shorter AL val-
ues and consider this potential bias during IOL power calcu-
lation. While swept-source optical biometry should remain 
the preferred method when measurements are obtainable, 
contact A-scan USG continues to play an indispensable role 
in the pre-operative evaluation of eyes with mature cataract.

Recent advances in IOL power calculation formulas 
have shifted emphasis toward multivariable models that in-
corporate several biometric parameters beyond AL alone. 
Contemporary formulas, such as the Barrett Universal II, 
Olsen, Kane, and Holladay 2, integrate AL, ACD, LT, and ker-
atometric values, with some also including white-to-white 
(WTW) distance, to improve effective lens position predic-
tion (23,24). Consequently, the accuracy and inter-device 
agreement of these parameters have become increasingly 
important, particularly in eyes with mature cataract where 
biometric reliability may be compromised.

In the present study, AL and keratometric parameters 
showed strong agreement between the Tomey - OA and An-
terion devices, whereas differences were observed in ACD 
and LT measurements, and WTW measurements demon-
strated relatively lower inter-device agreement. Similar find-
ings have been reported in previous studies, suggesting that 
ACD, LT, and WTW may be more sensitive to variations 
in measurement principles and segmentation algorithms 
among swept-source optical biometers (25,26). Although 
WTW plays a secondary role in most IOL power calculation 
formulas, variations in ACD and LT may be more clinically 
relevant, as both parameters directly influence effective lens 
position estimation in contemporary multivariable formulas 
(27). However, the present study did not evaluate the impact 
of these inter-device differences on postoperative refractive 
outcomes or IOL power prediction error, which represents 
an important limitation. Future studies correlating de-
vice-specific biometric differences with refractive outcomes 
in eyes with mature cataract are warranted.

This study has several limitations. First, its retrospective 
design may have introduced inherent selection bias. Second, 
immersion A-scan USG was not used, which might have af-
fected AL measurements obtained with contact ultrasound. 
In addition, eyes with unsuccessful optical biometry mea-
surements were excluded from the final analysis, which may 
have resulted in underrepresentation of the most advanced 
mature cataracts. Finally, the single-center design and mea-
surements performed by a single examiner may limit the gen-
eralizability of the findings.

Conclusion
Swept-source optical biometry provides consistent AL mea-
surements in eyes with mature cataract when acquisition is 
successful, with strong agreement between the Tomey - OA 
and Heidelberg Anterion devices. However, optical measure-
ment failure remains common in advanced cataracts, empha-
sizing the continued clinical relevance of A-scan USG. The 
tendency of contact ultrasound to yield shorter AL values 
should be considered during IOL power calculation when 
optical biometry is not feasible.
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