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Abstract
Purpose This study was performed to compare anterior ocular biometric measurements of deep-range swept-source anterior
segment optical coherence tomography (AS-OCT) (CASIA2) versus short-range swept-source AS-OCT (CASIA SS-1000),
ultrasonography (AL-4000), and Scheimpflug camera analysis (Pentacam and EAS-1000) in patients with cataract.
Methods One hundred eighty-five eyes of 128 participants with mild refractive error or cataract were examined. The central
corneal thickness (CCT), aqueous depth (AQD), and lens thickness were obtained. The repeatability of CASIA2 measurements
was assessed.
Results In patients with cataract, the CCT, AQD, lens thickness, and lens anterior curvature by CASIA2 showed high intraclass
correlation coefficients (ICCs) of > 0.99. Conversely, measurements of the posterior part of the lens such as lens posterior
curvature showed lower ICCs. The ICCs were higher in healthy young participants than in patients with cataract. The ICCs
tended to be lower in patients with mild than dense cataract. There was no statistically significant difference in the CCTand AQD
between the CASIA2 and CASIA SS-1000 or in the lens thickness measurements between the CASIA2 and AL-4000 and
between the CASIA2 and EAS-1000. There was a significant linear correlation in the biometric measurements between the
CASIA2 and the other instruments.
Conclusion We evaluated the biometric measurements of the anterior eye segment by the CASIA2. The CASIA2 yielded results
comparable with those of the CASIA SS-1000, ultrasonography, and Scheimpflug camera. However, mild cataract decreased the
repeatability of measurements of the posterior part of the lens.

Keywords Deep-range swept-source anterior segment optical coherence tomography . CASIA2 . Lens biometry . Anterior
segment biometry . Cataract

Introduction

Accurate and precise ocular biometry is crucial for the diag-
nosis and treatment of ocular disorders. Several noninvasive
or marginally invasive techniques have been used for anterior
ocular biometric measurements, including crystalline lens

shape evaluation, slit-lamp photography [1, 2], A-scan ultra-
sonography [3], examination with a Scheimpflug camera [4],
and optical coherence tomography (OCT) [5, 6].
Measurement of the central corneal thickness (CCT) is useful
to reduce the risk of postoperative ectasia when screening for
refractive surgery and is crucial in the evaluation of contact
lens-induced edema [7], measurement of the intraocular pres-
sure [8], and diagnosis of corneal diseases such as keratoconus
[9]. Measurement of the anterior chamber depth (ACD) is
important when screening for primary angle closure glaucoma
[10], monitoring the changes of the anterior segment during
accommodation [11], and calculating phakic intraocular
lenses [12]. The lens thickness is important for biometric stud-
ies of lens development as it relates to aging, myopia, presby-
opia, accommodation, and primary angle-closure glaucoma
[13–16].
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OCT is a noninvasive imaging technique that uses low-
coherence light to obtain a high-resolution cross-section of
biological structures [17]. The first-generation anterior seg-
ment OCT (AS-OCT) system with 1310-nm wavelength light
was based on a time-domain OCT method that depends on a
moving reference mirror to scan each depth position in the
image pixel [18, 19]. The CASIA SS-1000 (Tomey, Nagoya,
Japan), a second-generation AS-OCT system based on swept-
source OCT technology, which is a variation of Fourier do-
main analysis, can obtain images 10 times faster than time-
domain OCT [20]. The CASIA SS-1000 measures tissue with
a maximum width of 16 × 16 mm and a maximum depth of 6
mm. It achieves high-resolution imaging (10 μm axially and
30 μm transversally) and high-speed scanning of 30,000 A-
scans per second and is capable of obtaining full three-
dimensional images of ocular tissues. The CASIA2 (Tomey)
is a further development of the CASIA SS-1000 and is capable
of reaching a scan speed of 50,000 A-scans per second [21].
One of the main differences between the two devices is the
range of measurement depth. The CASIA2 measures tissue
with a maximum depth of 13.0 mm, which is more than twice
the value recorded by the CASIA SS-1000.

The CASIA2 allows the user to obtain a whole image from
the cornea to the posterior lens. No previous studies have
compared the CASIA2 with the CASIA SS-1000 or other
standard anterior segment measurement instrument, such as
A-scan ultrasonography or the Scheimpflug camera, for cen-
tral corneal thickness (CCT)/aqueous depth (AQD)/lens thick-
ness measurements in patients with cataract. Therefore, we
conducted the current study to compare the results of biomet-
ric measurements performed by the CASIA2, CASIA SS-
1000, A-scan ultrasonography (AL-4000; Tomey), and
Scheimpflug cameras (Pentacam is a rotating Scheimpflug
camera and was introduced in 2002; Oculus, Wetzlar,
Germany. EAS-1000 was the first commercially available
Scheimpflug slit imaging instrument at the end of the 1980s;
Nidek Co. Ltd., Tokyo, Japan). We also evaluated anterior
ocular biometric parameters including the crystalline lens
and assessed their repeatability in healthy young participants
and patients with cataract.

Patients and methods

We conducted an investigation in a Tsukuba University
Hospital. This study followed the tenets of the Declaration of
Helsinki, and written informed consent was obtained from each
participant. The institutional review board of Tsukuba
University Hospital approved the study. Two experienced exam-
iners (A.F. and Y.U.) sequentially performed the measurements
using AS-OCT (CASIA2 and CASIA SS-1000), a rotating
Scheimpflug camera (Pentacam), ultrasonic pachymetry (AL-
4000), and a Scheimpflug camera (EAS-1000). The CASIA

SS-1000 is a Fourier-domain, swept-source OCT system de-
signed specifically for imaging the anterior segment. The
CASIA SS-1000 achieves high-resolution imaging (10 μm ax-
ially and 30 μm transversally) and high-speed scanning of
30,000 A-scans per second. The wide scanning range of
16 mm allows observation of the area from the whole angle at
once. The depth scan range is 6 mm (in air). The CASIA2 is
anterior segment swept-source OCTsystemwith a scan speed of
50,000 A-scans per second. The depth scan range was improved
to 13 mm (in air). The EAS-1000 is the first commercially
available Scheimpflug slit imaging instrument. The Pentacam
is a rotating Scheimpflug camera. The Pentacam includes soft-
ware to analyze the different captured meridians on cross-
sectional images and transform them into a three-dimensional
model for related quantitative measurements, which can take up
to 2 s. The AL-4000 is a handheld ultrasound biometer that
communicates with the OA-2000 via Bluetooth technology.
The participants were instructed to look at an internal fixation
target during the scanning. All measurements were recorded
between 11:00 a.m. and 3:00 p.m. The examination room was
illuminated at 6.0 ± 1.5 lux as measured with a light meter (LM-
8000; Fuso, Tokyo, Japan). Cataract classification and grading
were performed using the Lens Opacities Classification System
III. The exclusion criteria were previous ocular surgery, trauma,
active ocular disease, fundus disease, and poor fixation.

On the OCT images, a line was placed from angle to angle
with a perpendicular projection that extends from a median
point forward through the cornea. Along this perpendicular
line, the CCT, AQD, and ACD were measured. The CCT
was defined as a distance from anterior to posterior cornea
(Fig. 1a white line), AQD was defined as the distance of the
posterior face of the cornea to the anterior surface of the lens
(Fig. 1a blue line). The lens thickness was defined as a dis-
tance from anterior to posterior lens on vertex normal (Fig. 1a
orange line) [22]. The anterior chamber depth (ACD) was
defined as the distance from the central corneal epithelium
to the anterior surface of the lens and same as adding value
CCTand AQD (CCT + AQD). Equator of lens was defined as
a point of intersection of lines that is extension of anterior and
posterior surface of lens. Equator diameter was diameter of the
center of equator circle of lens (Fig. 1a yellow line). Optic axis
was defined as a perpendicular line with the center of equator
circle of lens. The amount of decentration was defined as a
distance between vertex normal and the center of equator cir-
cle of lens. Tilting amount was defined as an angle between
vertex normal and optic axis. Lens equatorial plane (without
CCT) was a distance between posterior of the cornea and a
center of equator circle of lens on optic axis (Fig. 1a red line)
[23]. The built-in software in the CASIA2 automatically drew
the anterior and posterior lens boundaries and calculated the
lens thickness, anterior and posterior lens curvature, amount
of decentration, tilting amount, equator diameter, and lens
equatorial plane (without CCT) on the visual axis (Fig. 1a).
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The CCTand AQD (from the endothelium to the surface of
lens) obtained by the CASIA2 and CASIA SS-1000, the lens
thickness and ACD (CCT + AQD) obtained by the CASIA2
and AL-4000, the AQD obtained by the CASIA2 and
Pentacam, and the lens thickness and AQD obtained by the
CASIA2 and EAS-1000 were compared using the Wilcoxon

signed-rank test and Bland–Altman plots [24]. The 95% limits
of agreement (mean difference ± 1.96 standard deviation),
which define the range that encompasses most differences
between the measurements by two methods, was calculated.
Pearson’s correlation coefficient between each method was
also evaluated.
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Fig. 1 Representative images of the CASIA2. The built-in software in the
CASIA2 automatically draws the anterior and posterior lens boundaries
and calculates the lens thickness, anterior and posterior lens curvature,
amount of decentration, tilting amount, equator diameter, and lens

equatorial plane (without CCT) (a). A 30-year-old normal participant
(b). A 69-year-old man with grade 4 cortical cataract (c). A 67-year-old
woman with grade 3 nuclear cataract (d)

Table 1 Anterior ocular biometry
measurements by CASIA 2 Cataract patients Young control

n = 135 n = 50

Age 72.1 ± 8.1 30.1 ± 3.9

LOCSIII grading

Nuclear opalescence or color 2.5 ± 0.7 1.0 ± 0.0

Cortical cataract 1.9 ± 1.1 1.0 ± 0.0

Posterior subcapsular cataract 1.3 ± 0.8 1.0 ± 0.0

Mean ± SD ICC Mean ± SD ICC

CCT 526.07 ± 41.04 μm 0.996 531.43 ± 30.81 μm 0.994

AQD 2.72 ± 0.36 mm 0.998 3.29 ± 0.27 mm 0.998

Lens thickness 4.56 ± 0.39 mm 0.995 3.77 ± 0.20 mm 0.998

Lens anterior curvature 9.66 ± 1.41 mm 0.993 12.16 ± 1.60 mm 0.996

Lens posterior curvature 5.81 ± 0.56 mm 0.674 6.09 ± 0.40 mm 0.937

Amount of decentration 0.17 ± 0.10 mm 0.536 0.19 ± 0.07 mm 0.954

Tilting amount 4.86 ± 1.52 ° 0.836 4.23 ± 1.43 ° 0.961

Equator diameter 10.14 ± 0.61 mm 0.827 10.03 ± 0.32 mm 0.924

Equatorial lens depth (without CCT) 4.21 ± 0.27 mm 0.881 4.39 ± 0.25 mm 0.991

Values are presented as mean ± standard deviation

CCT central corneal thickness, AQD aqueous depth, ICC Intraclass correlation coefficient
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To evaluate repeatability, the intraclass correlation coeffi-
cients (ICCs) of the anterior biometric parameters (CCT,
AQD, lens thickness, anterior and posterior lens curvature,
amount of decentration, tilting amount, equator diameter,
and lens equatorial plane (without CCT)) obtained by the
CASIA2 were evaluated. The correlation between the amount
of differences in two measurements and cataract density was
assessed using Spearman’s rank correlation coefficient.

All tests of association were considered statistically signif-
icant at P < 0.05. Analyses were carried out using StatView
(SAS Institute, Cary, NC).

Results

We examined 185 eyes of 128 participants (58 men and 70
women) without ocular abnormalities other than mild refrac-
tive error or cataract. The participants’ age (mean ± standard
deviation) was 60.5 ± 20.1 years (range, 26–90 years). The
refractive mean spherical equivalent error was 0.66 ± 1.36 D
(range 2.88 to 2.38 D).

Biometric measurements in patients with cataract
and young normal participants using the CASIA2

Representative images obtained by the CASIA2 are shown in
Fig. 1. The images were obtained from a 30-year-old man in
the normal participant group (Fig. 1b), a 69-year-old woman
with grade 4 cortical cataract (Fig. 1c), and a 67-year-old man
with grade 3 nuclear cataract (Fig. 1d). We examined 135 eyes
of 78 patients with cataract (32 men and 46 women) aged 72.1
± 8.1 years (range, 56–90 years). The refractive mean spher-
ical equivalent error was 0.39 ± 1.21 D (range 2.88 to 2.38 D).
The mean CCT, AQD, lens thickness, anterior lens curvature,
and posterior lens curvature with the CASIA2 were 526.07 ±
41.04 μm, 2.72 ± 0.36 mm, 4.56 ± 0.39 mm, 9.66 ± 1.41 mm,
and 5.81 ± 0.56mm, respectively (n = 135).We alsomeasured
the details of lens morphology, such as the amount of
decentration, tilting, equator diameter, and lens equatorial
plane (without CCT) (Table 1). In the repeatability analysis
of the CASIA2, the anterior parameters (CCT, AQD, lens
thickness, and anterior lens curvature) showed high ICCs of
> 0.99. Conversely, the posterior parameters involving the
back side of the lens (posterior lens curvature, amount of
decentration, tilting amount, equator diameter, and lens equa-
torial plane (without CCT)) showed low ICCs (Table 1). To
investigate whether the low ICCs were due to the presence of
cataract, we assessed the measurement repeatability in the
healthy young participants (50 eyes of 50 participants; age,
30.1 ± 3.9 years; range, 26–39 years, the refractive mean
spherical equivalent error; − 1.36 ± 1.47 D (range, − 2.75 to
0.5 D).). The healthy young participants showed higher ICCs Ta
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than the aged patients with cataract. All ICCs were > 0.9
(Table 1).

Density and type of cataract and repeatability
of CASIA2 measurements

To evaluate whether the density or type of cataract affected the
ICCs of the CASIA2, we calculated the ICCs in each nuclear,
cortical, and posterior subcapsular cataract subtype. Same as
uncategorized total 135 eyes with cataract, the anterior param-
eters such as the AQD, lens thickness, and anterior lens cur-
vature of each cataract subtype showed a high ICC.
Conversely, the posterior parameters involving the back side
of the lens such as the posterior lens curvature, amount of
decentration, tilting amount, equator diameter, and lens equa-
torial plane (without CCT) showed low ICCs in each group
(Table 2). The amount of differences between the first and
second measurement was not correlated with the density of
cataract in each cataract subtype (P > 0.05, Spearman’s rank
correlation coefficient). Interestingly, the ICCs tended to show
better values in patients with dense cataract (Table 2). Mild
nuclear cataract (nuclear opalescence or color grade 2, cortical
grade 1, posterior subcapsular grade 1 group) showed the
worst ICCs among the posterior lens parameter measurements

(lens posterior curvature, amount of decentration, tilting
amount, equator diameter, and lens equatorial plane (without
CCT)).

CASIA2measurements compared with CASIA SS-1000,
AL-4000, Pentacam, and EAS-1000 measurements

The mean CCT and AQD with the CASIA SS-1000 were
527.1 ± 39.4 μm and 2.77 ± 0.40 mm, respectively (n = 65).
The mean ACD (CCT + AQD) and lens thickness with the
AL-4000 were 3.20 ± 0.34 mm and 4.59 ± 0.39 mm, respec-
tively (n = 74). The mean AQDwith the Pentacam was 2.66 ±
0.34 mm (n = 66). The mean lens thickness and AQD were
measured by EAS-1000, and it were 4.36 ± 0.43 mm (n = 19)
and 2.71 ± 0.38 mm (n = 71), respectively. There was no
statistically significant difference in the CCT or AQD mea-
surements between the CASIA2 and CASIA SS-1000 (527.8
± 39.4 μm and 2.78 ± 0.36 mm for CASIA2, 527.1 ± 39.4 μm
and 2.77 ± 0.40 mm for CASIA SS-1000, P = 0.991 and P =
0.864, respectively; Wilcoxon signed-rank test), in the lens
thickness measurements between the CASIA2 and EAS-
1000 (4.37 ± 0.41 mm for CASIA2, 4.36 ± 0.43 mm for
EAS-1000, P = 0.586, Wilcoxon signed-rank test), or in the
lens thickness measurements between the CASIA2 and AL-
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Fig. 2 A significant correlation in the central corneal thickness (CCT)
and aqueous depth (AQD) was observed between the CASIA2 and
CASIA SS-1000 (Pearson correlation coefficient, r = 0.334, P < 0.0001
and r = 0.694, P < 0.0001, respectively). The line of equivalence (y = x) is

shown by the dotted line. The difference in the mean CCT measurements
between the CASIA2 and CASIA SS-1000 is shown. The mean ± 1.96
standard deviation is also indicated
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4000 (4.59 ± 0.36 mm for CASIA2, 4.59 ± 0.39 mm for AL-
4000, P = 0.171, Wilcoxon signed-rank test). Conversely,
there was a significant difference in the ACD (CCT + AQD)
measurements between the CASIA2 and AL-4000 (2.97 ±
0.34 mm for CASIA2, 3.20 ± 0.34 mm for AL-4000. P <
0.001, Wilcoxon signed-rank test), in the AQDmeasurements
between the CASIA2 and Pentacam (2.76 ± 0.31 for CASIA2,
2.66 ± 0.34 for Pentacam, P < 0.0001, Wilcoxon signed-rank
test), and in the AQDmeasurements between the CASIA2 and
EAS-1000 (2.74 ± 0.39 for CASIA2, 2.71 ± 0.38 for EAS-
1000, P < 0.0001, Wilcoxon signed-rank test). There was a
significant linear correlation of the biometric measurements
between the CASIA2 and the other instruments (P < 0.0001)
(Figs. 2, 3, 4, and 5). Bland–Altman plots to assess the differ-
ence are shown in Figs. 2, 3, 4, and 5. The mean differences in
the CCT and AQD measurements were 1.38 ± 7.03 μm and
0.01 ± 0.09 mm, respectively, between the CASIA2 and
CASIA SS-1000. The mean differences in the ACD (CCT +
AQD) and lens thickness measurements were − 0.44 ±
0.14 mm and 0.00 ± 0.15 mm, respectively, between the
CASIA2 and AL-4000. The mean difference in the AQD
measurement was 0.10 ± 0.07 mm between the CASIA2 and
Pentacam. Finally, the mean differences in the lens thickness
and AQD measurements were 0.02 ± 0.25 mm and 0.04 ±

0.09 mm, respectively, between the CASIA2 and EAS-1000.
The posterior lens could be imaged by the Pentacam in only
6% of patients and by the EAS-1000 in 27% of patients.

Discussion

This study compared the CASIA2 with the CASIA SS-1000,
A-scan ultrasonography, and Scheimpflug cameras. To the
best of our knowledge, this is the first study to compare the
CASIA SS-1000 and deep-range anterior segment swept-
source OCT CASIA2 in patients with cataract. Moreover, no
previous lens biometry studies have assessed the repeatability
of measurements using the CASIA2 in patients with cataract
and healthy young subjects. The imaging depth of the CASIA
SS-1000 was not sufficient to image the whole anterior seg-
ment including the cornea and crystalline lens, which requires
an axial range of approximately 12.0 mm. To overcome this
limitation, the authors of a previous study moved the position
of the OCT scan head closer to the patient’s eye [25]. Lens
imaging by the CASIA SS-1000 is limited in that the internal
structures of the crystalline lens cannot be clearly distin-
guished and measured due to overlap of the real and mirror
images of the lens [25]. Another limitation of lens imaging by
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Fig. 3 Significant correlations in the lens thickness and central corneal
thickness + anterior chamber depth ACD (central corneal thickness
(CCT) + aqueous depth (AQD)) were observed between the CASIA2
and AL-4000 (Pearson correlation coefficient, r = 0.926, P < 0.0001

and r = 0.956, P < 0.0001, respectively). The line of equivalence (y = x)
is shown by the dotted line. The difference in mean CCT measurements
between the CASIA2 and AL-4000 is shown. The mean ± 1.96 standard
deviation is also indicated

Graefes Arch Clin Exp Ophthalmol (2020) 258:137–146142



the commercially available CASIA SS-1000 is that the poste-
rior part of the crystalline lens is vertically inverted; thus, the
software provided with the clinical system cannot be used to
correct for distortion of the images caused by refraction.
Several reports have evaluated anterior segment biometry, in-
cluding the whole crystalline lens, in a single image using
custom-made OCT devices [5, 26, 27]. However, these
custom-made OCT devices were laboratory-based and have
limited clinical use. In contrast, the CASIA2 is commercially
available and has various built-in programs that enable auto-
matic calculation of anterior segment biometry, including the
whole crystalline lens. Xu et al. reported good reproducibility
of the measurement of anterior segment parameters such as
lens vault, pupil diameter, anterior chamber width, angle
opening distance, trabecular iris space area, and scleral spur
angle between the CASIA2 and Spectralis OCT2 (Heidelberg
Engineering, Heidelberg, Germany) [28]. Chansangpetch

et al. measured the angle opening distance, trabecular iris
space area, angle recess area, ACD, anterior chamber width,
and lens vault by the CASIA2 and time-domain AS-OCT.
They reported that both devices had generally good agree-
ment. However, there were proportional and constant biases
in most angle parameters [29]. Shoji et al. reported good re-
producibility of in vivo crystalline lens measurements for
healthy young subjects obtained by the CASIA2. The authors
reported that the intraobserver and intervisit ICCs for lens
thickness measurement varied from 0.980 to 0.992 and from
0.942 to 0.995, respectively [21]. The current study showed
similar results. In the current study, the anterior parameters
such as CCT, AQD, lens thickness, and anterior lens curvature
showed high ICCs (> 0.993). Conversely, the posterior param-
eters involving the back side of the lens, such as the amount of
decentration, tilting, equator diameter, and lens equatorial
plane (without CCT), showed low ICCs in patients with cat-
aract. In the present study, the healthy young participants
showed higher ICCs than the aged patients with cataract.
One reason for these findings is that the signal strength in
OCT generally decreases with deeper penetration in the axial
direction. Interestingly, the ICCs tended to be better in patients
with dense than mild cataract (Table 2). The delineation of the
posterior surface of the lens tended to be clearer in patients
with densethan mild cataract. This might be the reason why
mild cataract showed the worst ICCs in the posterior lens
parameter measurements. In the OCT system, distortion was
corrected using refractive indices of the lens and aqueous. In
the current study, the lens refractive index was set at 1.4085.
This value may not be correct because there is often a gradient
of refractive indices across the thickness of the crystalline
lens. Cataracts may also affect the refractive indices of the
lens. The heterogeneity of the lens refractive index in patients
with mild cataract may cause low repeatability. Interestingly, a
previous study showed that the posterior lens curvature tended
to have better reproducibility than anterior curvature measure-
ments [21]. The mean age in that study was 35.6 ± 11.7 years,
while the mean age in the current study was 72.1 ± 8.1 years.
The differences in age and cataract density might have affect-
ed the reproducibility of the posterior lens measurements. Neri
et al. reported that the ICC of lens thickness measurements
was 0.991 using the CASIA SS-1000 [25]. Zeng et al. also
reported that the intraobserver and intervisit ICCs for lens
thickness measurements ranged from 0.996 to 0.999 using
time-domain AS-OCT [13]. In their study, measurement of
lens thickness by time-domain AS-OCT failed in 9.1% of
eyes. In contrast, we observed no failure of lens measurement
by the CASIA2 in the present study, even when patients with
advanced cataract were included.

Accurate measurement of crystalline lens geometry, includ-
ing the lens thickness, is essential for a better understanding of
the accommodation mechanism, origin of presbyopia, and
sources of optical aberrations, refractive index distribution to
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the optical changes occurring during aging [1, 13–16, 30]. The
geometry of the crystalline lens has been reported using differ-
ent techniques. Purkinje imaging has been used to estimate the
radii of curvature of the different ocular components that are
estimated from the relative height of images of the light source
[31]. However, this Purkinje imaging technique does not pro-
vide an image of the anterior chamber of the eye. Scheimpflug
imaging provides cross-sectional images of the crystalline lens.
However, Scheimpflug imaging, which involves visible light
sources, cannot clearly depict the anterior chamber angle and
frequently limits the view of the posterior lens. In the current
study, the posterior lens could be measured by Scheimpflug
imaging in only 6% of patients and by the EAS-1000 in 27%.
The inclusion of aged participants and eyes with cataract may
have affected these results. Dubbelman et al. reported a posi-
tive relationship between age and lens thickness using the
EAS-1000 after correction of distortion due to refraction of
the cornea and lens [32]. In the current study, we also found
that the thickness of the crystalline lens was age-dependent
(data not shown), which is consistent with previous reports
[33–35]. No previous study has compared lens thickness be-
tween a Scheimpflug imaging system and AS-OCT. Previous
studies have shown lower or similar ACDmeasurement values
between Scheimpflug imaging and AS-OCT [20, 36].

Nakamura et al. reported a higher value of ACD in
Scheimpflug imaging than when using the CASIA SS-1000
[37]. Wang et al. reported that the thickest ACD was obtained
with the Galilei dual Scheimpflug camera followed in order by
the Placido disk corneal topographer (Ziemer Ophthalmic
Systems AG, Port, Switzerland), Visante, time-domain AS-
OCT (Carl Zeiss Meditec AG, Jena, Germany), Sirius rotating
single Scheimpflug camera combined with a Placido disk cor-
neal topographer (Costruzione Strumenti Oftalmici, Florence,
Italy), and Pentacam [38]. In the current study, the AQD mea-
surements by the Pentacam and EAS-1000 were significantly
lower than those by the CASIA2.

No statistically significant difference was found in the lens
thickness measurements between the CASIA2 and AL-4000.
Zeng et al. reported that time-domain AS-OCT tended to give
greater lens thickness values than the A-scan ultrasonography
[13]. Ultrasonography estimates the distances according to the
velocity of sound in ocular media and the ultrasonic echoes
from the interfaces of each ocular structure. However, the
velocity of sound in the crystalline lens must be known to
accurately determine the lens thickness when using ultraso-
nography. In contrast, OCT quantifies the distance based on a
linear scan using infrared light and the principles of low-
coherence interferometry. The different physical principles
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Fig. 5 Significant correlations in the lens thickness and aqueous depth
(AQD) were observed between the CASIA2 and EAS-1000 (Pearson
correlation coefficient, r = 0.682, P < 0.0001 and r = 0.972, P <
0.0001). The line of equivalence (y = x) is shown by the dotted line.

The difference in mean lens thickness and aqueous depth (AQD)
measurements between the CASIA2 and EAS-1000 is shown. The
mean ± 1.96 standard deviation is also indicated
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of these two measurements affected the results of the previous
and current studies. Different lens conditions between both
studies may have affected the results. In the current study,
ACD (CCT + AQD) was significantly higher by the
CASIA2 than AL-4000. Other previous studies reported that
AS-OCT tends to underestimate or display a similar value for
the CCT [20, 39, 40]; however, it overestimates the ACD
compared with ultrasonography [41].

The tilting amount was 4.86 ± 1.52° with CASIA2 in the
current study. The definition of lens thickness in the current
study was along the vertex normal and might be affected by
tilt. We measured CCT/AQD/ACD on optical axis with
CASIA SS-1000 and CASIA2. On the other hand, CCT/
AQD/ACD measurements with ultrasonic pachymetry or
Scheimpflug camera is limited to vertex normal and it might
be affected by tilt. Previous study reported that a centering
error from the eye’s geometric center gave an undervaluation
for anterior chamber depth [42, 43]. The IOLMaster (Carl
Zeiss Meditec, Jena, Germany) measures the anterior chamber
depth along the vertex normal, whereas AS-OCT (Visante™,
Carl Zeiss Meditec, Dublin, California, USA) measures along
the optical axis. The AS-OCT showed higher repeatability
than IOLMaster. Being in the optical axis, the AS-OCT mea-
surements probably reflect a more accurate estimation of an-
terior chamber depth. KriechbaumK et al. compared the ACD
along vertex normal (IOLMaster) and optical axis (PCI labo-
ratory prototype) and there was no significant difference [44].

This study has some limitations. The relatively small sam-
ple size may have affected the ability to detect subtle differ-
ences in biometric and lens characteristics.

In conclusion, we evaluated the biometric measurements of
the anterior eye segment by the CASIA2. The CASIA2 tech-
niques yielded measurements comparable with those of the
CASIA SS-1000, A-scan ultrasonography, and Scheimpflug
camera. However, the presence of mild cataract decreased the
repeatability of measurements of the posterior part of the lens.
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