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and AL-Scan (r = 0.453, P < 0.001). The correlations 
of CCT between Lenstar and Pentacam or Tomey 
EM-3000 were both excellent (r = 0.817, 0.882, 
respectively, both P < 0.001).
Conclusions  In phakic eyes of cataract patients, 
measurements of AL, LT, ACD and CCT from Len-
star LS900 yielded results that correlated very well 
with other clinical instruments.

Keywords  Lenstar LS900 · Cataract surgery · 
Biometry

Introduction

Accurate and precise measurements of ocular bio-
metric parameters are crucial for many clinical and 
research applications in ophthalmology. Interfer-
ometry and ultrasound are two currently used ocu-
lar biometry techniques for obtaining biometric data 
from patients’ eyes in clinic. Interferometry has been 
shown to be more precise and more reliable than 
ultrasound [1].

The Lenstar LS 900 (Haag-Streit, Bern, Swit-
zerland) is a relatively new non-contact biometry 
device (a near-infrared optical low-coherence reflec-
tometer) that can simultaneously provide axis length 
(AL), anterior chamber depth (ACD), central corneal 
thickness (CCT), lens thickness (LT), keratometry, 
retinal thickness, white-to-white distance (WTW) 
and eccentricity of the visual optical line [2]. The 

Abstract 
Purpose  To test whether some biometry measure-
ments provided by the Lenstar LS900 compared well 
with the AL-Scan, Pentacam rotating Scheimpflug 
camera, Ultrasound Biomicroscopy (UBM) and 
Tomey EM-3000.
Methods  Two hundred and one patients having 
routine cataract surgery had standard preoperative 
assessment. In this clinical study, the axis length 
(AL) and lens thickness (LT) were taken by Lenstar 
LS900 and AL-Scan; anterior chamber depth (ACD) 
was taken by Lenstar LS900, A-Scan, Pentacam and 
UBM; central corneal thickness (CCT) was taken 
by Lenstar LS900, Pentacam and Tomey EM-3000. 
The results were compared using a Wilcoxon–Mann–
Whitney U test and Pearson correlation calculations. 
Agreement was assessed through intraclass correla-
tion coefficients and Bland–Altman plots.
Results  The highest correlation was found between 
Lenstar and AL-Scan for AL (r = 0.975; P < 0.001). 
For LT measurements, the correlation between these 
two devices was also good (r = 0.699; P < 0.001). 
Excellent correlations were showed between Lenstar 
and Pentacam or UBM for ACD (r = 0.948, 0.704, 
respectively, both P < 0.001), but not between Lenstar 
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measurement of AL, LT, ACD and CCT has become 
a useful clinical and research technique in aphakic 
and phakic intraocular lens surgery. AL-Scan has 
been the common technique for a long time to meas-
ure ACD, LT and AL because of its cost-effectiveness 
and ease of use. Nevertheless, it has some shortcom-
ings, such as the risk of infections and the need for 
topical anesthesia. As we all know, UBM can also 
measure ACD when obtaining the anterior segment 
image [3]. Tomey EM-3000, a non-contact specular 
microscopy device, not only can obtain endothelial 
parameters including endothelial cell count, maxi-
mum, minimum and average endothelial cell size, but 
also can measure CCT [4]. The Pentacam (Oculus, 
Wetzlar, Germany) uses a rotating Scheimpflug cam-
era to image the anterior segment of the eye including 
the lens. The CCT and ACD measurements provided 
by the Pentacam have been reported to have excellent 
repeatability [5, 6].

When different ways of measuring the same vari-
able are available, it is of interest to find out how well 
two different methods agree, as strong agreement 
implies that they can be used interchangeably. Previ-
ous studies have demonstrated excellent intra-opera-
tor repeatability, inter-operator reproducibility and 
accuracy of the Lenstar [7, 8]. Comparison of ocular 
biometric parameters including AL, LT, ACD and 
CCT between biometer Lenstar and the other com-
mon techniques of biometry has been made in mul-
tiple studies [9–14]. The purpose of this study was to 
prospectively evaluate agreement between AL, LT, 
ACD and CCT measurements derived from Lenstar 
and the other four biometers before cataract surgery.

Methods

This retrospective study was performed in accord-
ance with the protocols of the Declaration of Helsinki 
and after the approval of the Clinical Research Ethics 
Committee at the affiliated hospital of Nantong Uni-
versity from January 2018 to August 2018. Informed 
consent form was obtained each of the participants 
prior to the enrollment. Eyes with previous ocular 
surgery and ocular diseases such as glaucoma, retinal 
disorder and corneal diseases were excluded. Meas-
urements of ocular biometry were taken by experi-
enced examiners. In this clinical study, AL and LT 
were obtained by Lenstar and AL-Scan (10 MHz, the 

classic A-mode ultrasonic technique, SW-1000, Tian-
jin Sower Electronic Technology Co., Ltd, China); 
ACD was taken by Lenstar (from tear film to anterior 
capsule of lens), AL-Scan (from corneal epithelium 
to anterior capsule of lens), Pentacam (from tear film 
to anterior capsule of lens) (Oculus, Wetzlar, Ger-
many) and UBM (from corneal epithelium to anterior 
capsule of lens) (50 MHz, MD-300L, Tianjin Maida 
Electronic Technology Co., Ltd, China). CCT was 
taken by Lenstar, Pentacam and Tomey EM-3000 
(Tomey, Nagoya, Japan). The results were compared 
using a Wilcoxon–Mann–Whitney U test and Pearson 
correlation calculations. The AL, LT, ACD and CCT 
were analyzed and compared between the two instru-
ments. SPSS software version 19.0 (IBM) was used 
for descriptive statistical analysis using the mean, 
standard deviation, median and minimum/maxi-
mum values. Differences among the devices were 
tested with the Wilcoxon–Mann–Whitney U test. 
Bland–Altman graphs were plotted to show measure-
ment differences against the mean values. Correla-
tions were tested using the Pearson rank correlation 
coefficient, with P values less than 0.05 considered 
statistically significant.

Results

A total of 201 eyes of 201 patients were enrolled 
in this prospective, non-randomized, consecu-
tive, mono-centric case series. The mean age was 
66.7 ± 12.16 years (SD) (range 30–89). One hundred 
and three left eyes and 98 right eyes were measured in 
all patients (female 64%, male 36%).

Table  1 shows mean values, standard deviations, 
minimum and maximum AL measurements, LT, 
ACD and CCT from Lenstar, as well as other devices. 
On average, AL with the Lenstar showed higher val-
ues compared with the AL-Scan. The differences 
were statistically significant (P < 0.05).

Regarding measurements of LT, there were no any 
differences between Lenstar and AL-Scan. For ACD 
measurements, the Lenstar yielded higher mean val-
ues than Pentacam and UBM (P < 0.001; P < 0.001) 
and less mean values than AL-Scan (P < 0.001). The 
results are listed in Table 2.

Figure  1a shows the differences in Bland–Alt-
man graphs for AL between Lenstar and AL-Scan. 
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Figure  1b shows the differences in Bland–Altman 
graphs for LT between Lenstar and AL-Scan. Fig-
ure 1c, d, f shows the ACD differences in Bland–Alt-
man graphs for Lenstar, AL-Scan, UBM and Pen-
tacam. Figure  1e, g shows the CCT differences in 
Bland–Altman graphs for Lenstar, AL-Scan, Tomey 
EM-3000 and Pentacam.

The correlations between Lenstar and the 4 devices 
for CCT, ACD, AL and LT are presented in Table 3. 
The correlation was very high between Lenstar and 
Pentacam or UBM for ACD (r = 0.948, 0.704, respec-
tively), but not for AL-Scan (r = 0.453) and between 
Lenstar and Pentacam or Tomey EM-3000 for CCT 
(r = 0.817, 0.882, respectively). For LT measure-
ments, the correlation between these two devices 
was also good (r = 0.699). The highest correlation 
was found between Lenstar and AL-Scan for AL 
(r = 0.975). These results are shown in Fig. 2.

Discussion

In this study, we evaluated agreement between AL, 
LT, ACD and CCT measurements derived from Len-
star and the other four biometers in a clinical cohort 
of patients with age-related cataracts. The AL-Scan 
ultrasonic method was the most commonly used 
method that was regarded as the “gold standard” 
for the measurement of AL, LT and ACD for years. 
Although the optical biometry devices are more 
informative for ocular biometry compared with an 
AL-Scan contact ultrasound machine, the data about 
the reliability and interchangeability of the different 
measuring techniques are controversial [15].

A study compared Lenstar with AL-Scan in 234 
eyes and reported that all of the measurements were 
correlated [16]. There is also a good agreement 
regarding ACD, AL and LT between Lenstar and 
A-Scan ultrasound in highly myopic subjects [17]. 
However, a research compared the CCT, AL, ACD 
and LT measured with Lenstar and AL-Scan in more 
than 500 children and found that there was agreement 
between instruments for CCT and ACD. There are the 
differences in AL and LT measured by Lenstar and 
ultrasound in a previous study. Therefore, it is sug-
gested not to be used interchangeably [18]. However, 
the excellent correlations of AL and LT between Len-
star and AL-Scan were found. However, there was a 
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Table 2   Differences between Lenstar and AL-Scan, Lenstar and Pentacam, Lenstar and UBM, Lenstar and Tomey EM-3000

ACD anterior chamber depth, AL axial length, CCT​ central corneal thickness, LT lens thickness

Parameter Lenstar—AL-Scan Lenstar-Pentacam Lenstar UBM Lenstar-Tomey EM-3000

Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range

ACD (mm) −0.34 ± 0.78 −0.35, 0.13 0.55 ± 0.38 0.5, 0.61 0.49 ± 0.43 0.43, 0.55
CCT (mm) −7.13 ± 20.85 −10.03, 4.23 9.34 ± 21.55 0.43, 

0.55
LT (mm) −0.01 ± 0.54 −0.09, 0.06
AL (mm) −0.19 ± 0.59 −0.11, 0.27

Fig. 1   a Bland–Altman 
plot comparing AL, LT, 
CCT and ACD measured 
with the Lenstar and other 
4 biometers (Pentacam, 
UBM, AL-Scan and Tomey 
EM-3000). a, b Lenstar 
showed no difference for 
AL and LT measurements 
compared with AL-Scan. 
c–e Bland–Altman plot 
comparing ACD measured 
with the Lenstar and other 
3 biometers (Pentacam, 
UBM, AL-Scan). The Len-
star showed lower values 
for ACD measurements 
than AL-Scan and higher 
values than Pentacam and 
UBM. f, g Bland–Alt-
man plot comparing CCT 
measured with Lenstar and 
2 biometers (Pentacam and 
Tomey EM-3000). Lenstar 
yielded slightly lower 
values than Pentacam and 
slightly higher than Tomey 
EM-3000 (ACD = anterior 
chamber depth; AL = axial 
length; CCT = central 
corneal thickness; LT = lens 
thickness)
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weak correlation between two devices for ACD meas-
urements in the present study (r = 0.453).

The average value of ACD in the eyes measured 
by UBM was found less than 3.0  mm. There was a 
significant difference between measured value by 
A-Scan and UBM [19]. There is a previous study 

to compare ACD between Lenstar and UBM [20]. 
In this present study, there is a good correlation 
between them. The difference between UBM and AL-
Scan was significant, but the correlation was week 
(r = 0.294). In glaucoma patients, there was a statisti-
cally significant difference between the mean values 
of ACD, but not CCT when compared anterior seg-
ment measurements obtained using the Lenstar and 
Pentacam [12]. The ACD and CCT measurements 
obtained from the Lenstar and the Pentacam showed 
excellent correlation in cataract subjects and can be 
used interchangeably, and this is consistent with pre-
vious reports [1, 14, 21]. Mean values of CCT in cat-
aract eyes measured by Lenstar and Tomey EM-3000 
were 529.02 ± 32.17  mm and 526.81 ± 35.43  mm, 
respectively. There is no statistical significance 
between the two devices. There were some limita-
tions in this study including a relatively small number 
of patients. We also did not compare the difference 

Table 3   Correlations (r) among Lenstar and 4 devices (AL-
Scan, Pentacam, UBM and Tomey EM-3000)

ACD anterior chamber depth, AL  axial length, CCT​ central 
corneal thickness, LT lens thickness, All P < 0.01

Lenstar 
and AL-
Scan

Lenstar 
and Penta-
cam

Lenstar 
and 
UBM

Lenstar 
and Tomey 
EM-3000

ACD (mm) 0.453 0.948 0.704
CCT (mm) 0.817 0.882
LT (mm) 0.699
AL (mm) 0.975

Fig. 2   Correlation between Lenstar and other 4 biometers as 
follows: a CCT; b ACD; c AL; d LT. a Blue squares describe 
correlation between Lenstar and Pentacam, and red rings 
denote correlation between Lenstar and Tomey EM-3000. b 
Black squares describe correlation between Lenstar and Pen-

tacam, and red rings denote correlation between Lenstar and 
UBM, and green triangles show correlation between Lenstar 
and AL-Scan (ACD = anterior chamber depth; AL = axial 
length; CCT = central corneal thickness; LT = lens thick)
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between Lenstar and other 4 devices for different AL 
in the patients.

In summary, there is a high correlation among the 
Lenstar and AL-Scan for AL and LT, Lenstar and 
Pentacam for ACD and CCT, Lenstar and UBM for 
ACD, Lenstar and Tomey EM-3000 for CCT.
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