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Background: To assess the radius of anterior lens surface curvature (RAL) measurements with anterior
segment optical coherence tomography (AS-OCT) in comparison with Scheimpflug imaging.

Methods: This prospective, cross-sectional study was carried out at Zhongshan Ophthalmic Center,
Guangzhou, China. We enrolled 59 eyes, including 30 eyes from 30 cataractous volunteers (59 to
87 years) and 29 eyes from 29 young participants (19 to 49 years). After mydriasis, the RAL was measured
automatically by the built-in software in the AS-OCT (CASIA 2). The Scheimpflug images were measured
with the build-in caliper tool of the Scheimpflug camera (Pentacam), and RAL were further calculated with
the principle of best-fitted circle. Intraobserver and interobserver reproducibility of RAL measurement using
Scheimpflug camera were evaluated with limit of agreement (LoA) and intraclass correlation coefficient (ICC).
Consistency between RAL measurement of Scheimpflug camera and AS-OCT were assessed with LoA,
correlation analysis and linear regression.

Results: For all subjects, intraobserver (LoA: -0.25 to 0.23 mm, ICC: 0.996) and interobserver
reproducibility (LoA: -0.85 to 0.92 mm, ICC: 0.947) of RAL were good using Scheimpflug imaging. Both
AS-OCT and Scheimpflug imaging found that the age-related cataract participants had smaller RAL
(P=0.010, P=0.001 respectively). LoA of RAL measurement between AS-OCT and Scheimpflug imaging was
-3.83 to -0.79 mm, and the Pearson correlation efficient was 0.909 (P<0.001). The RAL values measured by
AS-OCT were significantly greater than that by Scheimpflug camera with a mean difference of 2.31 mm for
all participants (P<0.001). The RAL measurement could be converted using the equation: Yeug,, =1.155 x
Xpenmaeam + 1.060.

Conclusions: Both Scheimpflug camera system with internal caliper tool and the AS-OCT are fast and
non-contact tools that could measure RAL successfully. The two measurement results are highly correlated

and interchangeable through linear regression equation.
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Introduction

The crystalline lens is the most dynamic optical element
of the human eyes. The lens changes its surface curvature
during accommodation so the eyes can focus on objects at
different distances (1). Previous studies have shown that in
the process of accommodation, the focus is mainly adjusted
by changing the radius of anterior lens surface curvature
(RAL), while the radius of posterior lens surface curvature
is only slightly or not changed (2). Therefore the accurate
measurement of RAL is of paramount importance for
biometric studies of accommodation and relative ocular
disorders, such as myopia and presbyopia (3-5).

B-scan ultrasonography, high resolution nuclear
magnetic resonance imaging (HRMRI), anterior
segment optical coherence tomography (AS-OCT) and
Scheimpflug photography are the techniques available
for the imaging of the crystalline lens in vivo (6-9).
However, due to low resolution, difficulties in correcting
distortion of different optical interfaces, long scanning
time, inconvenient examination setting, and lack of
interchangeable standards between instruments, it is
difficult to obtain large scale data of RAL measurement
in vivo. Therefore, the RAL reference value of the human
eyes for different age groups remain unknown, and there
is no gold standard for RAL measurement of the human
eyes.

Among the above-mentioned techniques, Scheimpflug
photography and AS-OCT are potentially appropriate
to collect census data of RAL measurements in vivo.
Both methods are noncontact and fast procedures. The
Scheimpflug instruments are more widely used for
refractive evaluation than the AS-OCTs. The commercially
available build-in manual caliper of some Scheimpflug
instruments allows observer to measure the exact distance
in distorted image (10), and using secondary calculation to
obtain RAL value may be feasible. High reproducibility of
the new generation AS-OCT in measuring lens parameters
including RAL has been reported recently (11,12).
Additionally, the second generation AS-OCT, CASIA
2, is the first instrument able to automatically measure
and calculate RAL value. Several studies reported results
comparing Scheimpflug photography and AS-OCT in
biometry for ocular anterior segment (13-16). However,
no studies have compared RAL measurement between
Scheimpflug photography and AS-OCT. Consistency
and transformation of the results from two measurement
methods remain to be elucidated.
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In this study, we aimed to validate the feasibility of RAL
measurement using secondary calculation of Scheimpflug
images, and establish a transformation equation of RAL
measurement from Scheimpflug camera and AS-OCT.
The intraobserver and interobserver reproducibility of
Scheimpflug imaging was assessed in all subjects. We then
compared the consistency and correlation between RAL
measurements obtained with Scheimpflug images and
AS-OCT and evaluate whether both methods could detect
the age-related changes in RAL.

Methods
Subjects and settings

This study was conducted at the Zhongshan Ophthalmic
Center, Sun Yat-sen University, Guangzhou, China.
Volunteers were consecutively recruited from the
Outpatient Department during August 2019 to September
2019. Subjects with any evidence of the following conditions
were excluded: (I) ocular diseases affecting anterior
structures such as glaucoma, uveitis, lens subluxation and
ocular trauma; (II) a history of intraocular surgery; (III)
corneal abnormalities that would affect imaging such as
leucoma, keratoconus, or corneal scar; (IV) poor fixation
leading to low image quality or inability to cooperate
with examinations. The study was approved by the ethics
committee of Zhongshan Ophthalmic Center and was
performed in accordance with the tenets of the Declaration
of Helsinki. Written informed consent was obtained from
all participants.

Anterior segment scanning

Anterior segment scanning was performed with an
CASIA2 (Tomey Corporation, Nagoya, Japan) as well
as a Scheimpflug camera, Pentacam (Oculus, Wetzlar,
Germany). These two measurements were performed
independently by two experienced operators (J Liu and Y
Meng) in random sequence. The operators were masked to
one another’s results. The measurements were performed
with pupil dilation using topical 1% tropicamide in the
same dark room. During CASIA2 imaging, the subjects
were asked to fixate on the target. CASIA2 measurements
of RAL were aligned along the visual axis and performed
using the 16-scan lens biometry mode. The measurements
of RAL were automatically generated by the “Lens
Analysis” module in “Lens Biometry” mode. After CASIA2
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Figure 1 Lens anterior curvature radius measurement by AS-OCT and rotating Scheimpflug Camera. (A) The same cataractous subject

scanned with AS-OCT and Pentacam; (B) the same young subject scanned with AS-OCT and Pentacam.

scanning, a measurement with Pentacam was performed
using the 25-scan acquisition mode in the same dark room.
Figure 1 shows the representative images obtained by two
instruments for the same subject. The acquisition with the
qualified centrality was selected for further measurement

and calculation of RAL.

RAL calculation using Scheimpflug images

"Two ophthalmologists (X Gu, J Fu) independently measured
the length of H and L in the images by using the Pentacam’s
build-in manual caliper tool (Figure 2A4). Each selected
scan was repeatedly measured by one ophthalmologist for
two times. L was defined as half of the length between two
junctions of the lens anterior capsule and the pupil margin
after mydriasis. H was defined as the length of the vertical
bisector of the connection between two junctions of the lens
anterior capsule and the pupil margin intersecting with the
lens anterior capsule (Figure 2B). Three horizontal sectional
scans of the same eye were chosen for image measurement,
and the mean L and H were used to calculate the radius of
the best fitting circle. According to the Pythagorean theorem,
the RAL, defined as the radius of the best-fitted circle
(referred to as R in the image) was calculated as (L* + H)/2H.
The lens anterior surface with the diameter of 5-7 mm in the
pupil area was included.

© Annals of Translational Medicine. All rights reserved.

Data analysis

The data of the right eyes were used for analysis. All
continuous variables were described as mean + standard
deviation. The reproducibility assessment was based on the
definitions adopted by the British Standards Institution (17).
Intraclass correlation coefficients (ICCs) and the limit of
agreement (LoA) were used to assess intraobserver and
interobserver reproducibility of Pentacam. The average
RAL calculated from three scans of one eye was used to
compared with the 3D result of RAL measurement from
CASIA2. The paired t-test, the LoA, Pearson correlation
analysis and Bland-Altman plot were used for comparing
reproducibility, as well as the consistency between
Pentacam and CASIA2. The linear regression was used
to construct equation for RAL measurement conversion
between Pentacam and CASIA2. All statistical analyses were
performed using SPSS statistical software (SPSS Statistics
version 22.0; IBM Corp., Armonk, NY, USA). Statistical
significance was defined as P<0.05.

Results

In this study, we enrolled 59 volunteers (59 eyes). The
pipeline of the study is shown in Figure 3. Among them,
there were 30 patients with age-related cataract (30 eyes),
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Figure 2 The process of measuring and calculating the anterior surface curvature of the lens by Scheimpflug Camera. (A) The Pentacam’s

build-in manual caliper tool was used to measure the exact length of H and L in the Scheimpflug images. (B) L was defined as half of the

distance between two junctions of the lens anterior capsule and the pupil margin after mydriasis. H was defined as the distance between

the intersection of the vertical bisector of the connection between two junctions of the lens anterior capsule and the pupil margin and the

intersection of the lens anterior capsule. R was defined as the radius of the best-fitted circle.

the mean age was 69.97+8.83 years; 29 young subjects
(29 eyes) were included with age of 29.22+9.75 years.
CASIA2 and Pentacam measurements were measurable in
all subjects. Baseline characteristics of the subjects were
summarized in Table 1.

Table 2 shows the analysis of intraobserver reproducibility
and interobserver consistency of RAL measurements using
Scheimpflug images by two examiners in elderly and young
subjects. The overall intraobserver LoA (-0.25 to 0.23)
was much smaller than that of interobserver LoA (-0.85 to
0.92). The same trend was confirmed by the ICC (overall
intraobserver: 0.996 vs. overall interobserver: 0.947). The
interobserver LoA of RAL measurement in the elders (-0.50
to 0.48) was smaller than that of young subjects (-1.03 to 1.16).

The mean difference between CASIA2 and Pentacam
was 2.24 mm (paired z-test, P<0.001) in the elderly
subjects, and 2.38 mm (paired z-test, P<0.001) in young
subjects (Table 3). CASIA2 gave greater measures than
Scheimpflug photography, and these differences tended to
be consistent across the measurement ranges (Figure 4).
In elderly people, the Pearson correlation coefficient (r)
between AS-OCT and Scheimpflug photography was
0.714 (P<0.001). In young subjects, the Pearson correlation
coefficient (r) between AS-OCT and Scheimpflug
photography was 0.950 (P<0.001). Two measurements
correlated highly with each other (r=0.909, P<0.001). The
linear regression equations for measurement conversion
were as following:

(I) Age-related cataractous eyes: Yepsnm, = 0.9179 x

Xpoue + 2.841;
(II) Healthy young eyes: Yeasiar = 1.285 x Xpenicam =
0.1322;

© Annals of Translational Medicine. All rights reserved.

(D) All: Yeasiaz = 1.155 x Xpengaeam + 1.060.

Y represented RAL measurement using AS-OCT
(CASIA 2), X represented RAL measurement using
Scheimpflug imaging (Pentacam).

Discussion

The RAL plays an important role in deciding and
monitoring the refractive power of the lens. However, there
is no gold standard for RAL measurement of the human
eyes and the range of RAL remains controversial among
different studies. We used two instruments designed based
on different optical principles and obtained RAL value
similar to the range reported in the literature. The average
RAL value of all valid data is 10.38+1.78 mm for AS-OCT
and 8.12+1.40 mm for Scheimpflug imaging in our study.
Previous studies have reported measurement of RAL in
cadaveric eyes or in vivo using different techniques. Rosen
et al. measured RAL of 37 human lenses in vitro by using
the technique of shadow photogrammetry reported the
RAL of the 63-year-old human was 8 mm (18). Rosales
et al. analyzed 46 eyes in vivo (mean age: 30£9 years)
with Scheimpflug imaging and found a mean RAL of
11.1+1.1 mm and 10.8+1.1 mm with Purkinje imaging
system (19). Koretz er al. used 100 subjects examined with
in vivo Scheimpflug photography and found that subjects
aging from 18 to 65 years had a central RAL larger than
8.5 mm at 0D accommodation (20). Using AS-OCT,
Yuan et al. reported a mean RAL of 12.33+1.14 mm at
nonaccommodative status in 35 young adults (3). Richdale
et al. used 26 emmetropic subjects aging from 30 to 50 years
and reported a mean RAL value 10.75+1.27 mm under
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59 volunteers (59 eyes) enrolled

v '

Cataract Gruop (N=30 eyes) Non-cataract Gruop (N=29 eyes)

| |
.

Anterior segment scan with Scheimpflug camera and AS-OCT

'

RAL measurement and calculation with Scheimpflug images by two

independent ophthalmologists RAL measurement
+ generated automatically by
AS-OCT

Analysis of reproducibility of RAL measurements with Scheimpflug images

!

Analysis of consistency of RAL measurements obtained
with Scheimpflug and AS-OCT

Figure 3 Flowchart of recruitment, measurement and calculation. RAL, radius of anterior lens surface curvature; AS-OCT, anterior segment
optical coherence tomography

Table 1 Baseline characteristics of the participants

Characteristics Cataract (n=30 persons, 30 eyes) Healthy lens (n=29 persons, 29 eyes)

Age (mean + SD, years) 69.97+8.83 29.22+9.75
Gender, n (%)
Male 8 (26.67) 2 (6.90)
Female 22 (73.33) 27 (93.10)

SD, standard deviation.

Table 2 Intra- and interobserver reproducibility of RAL measurements by Pentacam

Intraobserver Interobserver
Group
LoA (mm) ICC LoA (mm) ICC
Cataract -0.25t0 0.20 0.986 —-0.50t0 0.48 0.941
Non-cataract -0.26 t0 0.26 0.995 -1.03t0 1.16 0.914
All -0.25t00.23 0.996 -0.85t0 0.92 0.947

RAL, radius of anterior lens surface curvature; LoA, the limit of agreement; ICC, the intraclass correlation coefficient.
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Grou CASIA 2 Pentacam Mean difference LoA. mm . p
P (mean = SD), mm (mean = SD), mm (95% Cl), mm ’
Cataract 9.59+1.17 7.35+0.91 2.24 (1.93 to 2.54) -3.85 to -0.63 0.714 <0.001
Non-cataract 11.22+1.94 8.83+1.43 2.38 (2.11 t0 2.66) -3.81 to -0.96 0.950 <0.001
P <0.001 <0.001
All 10.38+1.78 8.12+1.40 2.31 (2.11 to 2.51) -3.83to -0.79 0.909 <0.001
RAL, radius of anterior lens surface curvature; LoA, the limit of agreement; ICC, the intraclass correlation coefficient.
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Figure 4 Bland-Altman plots of lens anterior curvature radius by AS-OCT and Scheimpflug Camera. RAL, radius of anterior lens surface

curvature.

cycloplegia with phakometry (21). Ramasubramanian ez a/.
analyzed 51 young and mid-age subjects with UBM, and
reported a mean RAL of approximate 11 mm (22). Hermans
et al. examined five subjects aging from 18 to 35 years and
found a RAL of 11.45+1.7 mm (MRI) and 12.15+0.6 mm
(Scheimpflug imaging) respectively (23). In the above-
mentioned studies, the RAL was obtained through custom-
build instrument, secondary measurement, calibration,
and calculation. The instruments and setting used by
each research group varied, so did the measurement and
calibration algorithms, which makes it difficult to directly
compare these measurement results. We can conclude that
there is a disparity in RAL measurement resulted from the
diversity of instruments and measuring methods.

The built-in caliper tool of Pentacam automatically
corrects the distortion of different areas and depths of
the image and solves the problem of standardization
and uniformity of Scheimpflug image measurement to
a large extent. Studies using Pentacam built-in software
have suggested a high reproducibility of the secondary
measurements for anterior biometrics such as cornea
thickness and anterior chamber depth (24,25). Our data

© Annals of Translational Medicine. All rights reserved.

show that the interobserver error (LoA: -0.85 to 0.92) was
greater than that of intraobserver (LoA: -0.25 to 0.23). This
indicates that the main source of the error originated from
the difference between two observers when measuring the
same Scheimpflug section with the built-in caliper tool.
The stability of the measurement results was improved by
measuring one section twice and taking the mean value, and
the intraobserver ICC could reach 0.996. Therefore, this
error did not result in inconsistency of the two measurement
results from the same measurer, because the interobserver
ICC reached 0.947. Moreover, we measured the RAL of
age-related cataractous subjects and healthy young subjects
with AS-OCT and Scheimpflug camera, both instruments
were able to detect the decrease of RAL with aging (both
P<0.001). The measurements from two instruments were
highly correlated (r=0.909, P<0.001), indicating the trend
between the two methods is consistent. The CASIA2 is
a new generation SS-OCT, several studies have proved
the reproducibility and agreement in measuring the
biological parameters of the anterior segment and the lens.
Chansangpetch ez 4/. evaluated the agreement of anterior
segment parameters between CASIA2 and Visante OCT

Ann Transl Med 2020;8(5):177 | http://dx.doi.org/10.21037/atm.2020.01.100
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and their result showed good agreement in most angle
parameters (26). Shoji er al. showed good reproducibility
of in vivo crystalline lens measurements in CASIA2 (27).
However, we found that the CASIA2 tended to give greater
RAL values compared to that obtained from Pentacam
image (with a difference of 2.24 mm in the elderly,
2.38 mm in young subjects, and 2.31 mm for all subjects).
This constant difference may mainly attribute to the
following two reasons. Firstly, these two instruments are
designed based on different optical principles. Pentacam uses
a blue slit light with a wavelength of 475 nm for illumination
and takes a series of Scheimpflug cross-sectional images of
the anterior segment with 360-degree uniform rotation (28).
CASIA2 quantifies the distance based on a linear scan,
using infrared light and the principles of low-coherence
interferometry. Previous study showed that the disparities
between AS-OCT and Scheimpflug photography vary in
ocular tissues: AS-OCT tended to underestimate central
corneal thickness (CCT), but to overestimate the ACD in
comparison to Scheimpflug photography (29). Secondary, the
algorithms used to calculate RAL by two devices are different.
CASIA? takes the vertex of the lens anterior capsule as the
surface center, and uses a three dimensional (3D) surface
with a 4 mm-diameter to fit and calculate the RAL (30). On
the other hand, in this study, the algorithm to calculate RAL
with Scheimpflug imaging averaged the measurements of
three cross-sectional images from one eye to calculate the
radius of the best fitting circle. The lens anterior surface with
the diameter of about 6 mm in the pupil area was included.
Previous studies using cadaveric eyes, which allowed
observation of the whole anterior surface of the crystalline
lens towards the equator, have shown that the anterior lens
surface steepens toward the periphery, so the calculated RAL
might decrease when the diameter of the anterior surface
included in the fitting model was larger (31,32). The above-
mentioned theories support and explain that the difference in
RAL measurements between the two instruments is constant
rather than disordered, and also indicate that the result from
one instrument could be converted to that from another
through linear regression equation.

The interpretation and application of the results of this
study should take into account its limitations The correlation
of the two measurement methods for the elders was not as
good as that for the young subjects. Therefore, the conversion
between RAL obtained with these two methods should be
carried out with cautious in elders. In addition, we only
evaluated the consistency between the two methods under
mydriasis, and the results may not be directly extended to the

© Annals of Translational Medicine. All rights reserved.
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data under non-mydriasis and accommodation condition.

Conclusions

In conclusion, our study found that both the Scheimpflug
camera system with build-in caliper tool and the AS-OCT
could measure the RAL successfully. The two measurement
results are highly correlated and interchangeable through
linear transformation. These fast and non-contact tools
enable us to collect large-scale in vivo data of RAL to
provide theoretical support for the study of the refractive
and accommodation functions of the lens.
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