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INTRODUCTION 

Ultrasonic biometry, namely the A-scan biometry is the 

commonest method used for ocular biometry in this 

country due to its accessibility and affordable price of 

the machine, short learning curve to be used, relative 

portability and acceptable level of accuracy in its 

measurement. It is being used in the measurement of 

parameters such as anterior chamber depth, lens 

thickness and the axial length of the orbit for the 

calculation of intraocular lens power calculation. In A-

scan biometry, an ultrasound probe is either put in direct 

contact on the anaesthetized cornea of the patient or via 

an immersion chamber. Measurements are best taken in 

non-dilated eyes. A thin and parallel ultrasound 

frequency of 10 MHz will be emitted from the probe, 

will pass through the media of the eye namely the 

cornea, anterior chamber, posterior chamber, lens, 

vitreous humour, retina and lastly reflected back by the 

choroid/scleral interface to the probe. Every time the 

ultrasound beam hit an interface, which is the junction 

between any two media of different densities and 

velocities, an echo of sound will be bounced back to the 

probe. 

 These echoes will be converted by the biometer 

into a graphic and numerical values, in which a greater 

difference in density between two media at an interface 

will produce a strong echo and a higher spike compared 

to the interface of media with similar density [1]. The 

result will be printed out to assist the intraocular lens 

selection later. The disadvantage of an ultrasonic 

biometry is it requires contact examination that might 

be uncomfortable to the patient and poses risk of 

transmitting infection if not appropriately sterilized 

after each use. The reading is also relatively inaccurate 

ABSTRACT 
 
Introduction: To assess the agreement of the Scheimpflug camera system Pentacam with the 
optical low-coherence reflectometry (OLCR) device LENSTAR LS900 in measuring anterior 
segment biometry. Methods: This is a prospective, non- randomized, comparative analysis 
study. Patients with age-related nucleus sclerosis cataract who fulfilled the inclusion criteria and 
attended the Ophthalmology Clinic in University of Malaya Medical Centre (UMMC) between 
December 2011 and March 2012 were recruited. The keratometer, anterior chamber (AC) depth 
and lens thickness were measured with both methods Pentacam and Lenstar. Results: 223 
eyes of 125 patients were analysed. There was an agreement in the keratometer, anterior 
chamber depth and lens thickness measurement between the two devices. There was a 
significant correlation between K-reading as measured by both devices, at 0.05 significant level, 
with correlation coefficient of 0.904 and p < 0.001. The correlation coefficient of AC depth 
measurement between Pentacam and Lenstar at 0.05 significant level was 0.992 (p < 0.001). 
From the 124 eyes in which the lens thickness were measureable with both Pentacam and 
Lenstar, a positive correlation was noted (correlation coefficient of 0.585, p-value of < 0.001). 
There was no significant difference in the three parameters between males and females and 
among Malay, Chinese and Indian patients. Conclusions: There is a statistical agreement in 
the anterior segment biometry measurements between the Pentacam and the Lenstar. 
 
 
KEYWORDS: Anterior segment biometry, pentacam, lenstar, anterior chamber depth, 
keratometry, lens thickness, ophthalmology 
 
 
 
 
 
 
 

Received 
22nd December 2015 
Received in revised form 
7th May 2016 
Accepted 
23rd May 2016 
 
Corresponding author: 
Dr. Azlindarita A Mohd Abdullah,  
Ophthalmology Discipline, 
Faculty of Medicine,  
Universiti Teknologi MARA (UiTM), 
Sungai Buloh Campus,  
47000 Sungai Buloh, Selangor,  
Malaysia.  
Email: didi80@yahoo.co.uk 

Agreement Analysis of Pentacam and Lenstar in Measurement of 
Keratometry, Anterior Chamber Depth and Lens Thickness 
 
Azlindarita A Mohd Abdullah1, 2, Norasyikin Mustafa1, 2, Loo Voon Pei1, Visvaraja Subrayan1 
 
1 Department of Ophthalmology, University of Malaya Medical Centre, Kuala Lumpur, Malaysia  
2 Ophthalmology Discipline, Faculty of Medicine, Universiti Teknologi MARA, Sungai Buloh, Malaysia  
 

 

ORIGINAL  
ARTICLE 



Statistical Agreement between Pentacam and Lenstar 

 

 

Vol 1(1) (2016) 10-15 | jchs-medicine.uitm.edu.my  
 

11 

and difficult to be obtained when the interfaces are 

compromised such as in cornea scar, dense cataract, 

post-vitrectomized eye and when silicone oil has been 

used in previous surgery. Among the newer devices in 

the market to overcome these disadvantages of 

ultrasonic biometry are the Pentacam and Lenstar. 

 The Pentacam (Oculus) is an automatically 

rotating Scheimpflug camera system and it is able to 

capture to a maximum of 50 Scheimpflug images of the 

anterior segment of the eye within two seconds. The 

examination is released automatically and it is user 

independent. During the scanning process the patient’s 

eye motions are captured using a second camera and 

mathematical compensation will be done automatically, 

with optical distortions compensated by ray tracing. The 

Scheimpflug images produced by the Pentacam give a 

clear representation of lens opacity. The cataract 

analysis is also combined with the PNS (Pentacam 

Nucleus Staging), which is a unique feature of this 

camera system, and the data obtained will be compared 

to the Lens Opacity Classification System III (LOCS 

III) cataract grading system. It is one of the few 

machines that can measure the lens density reliably and 

objectively, but it is not widely available in Malaysia. 

 The Lenstar LS900 is an optical low-coherence 

reflectometry (Haag-Streit), which uses the effect of 

time domain interferometric or coherent superposition 

of light waves to measure the ocular distances within 

the eye. It uses an 820-nm superluminescent diode with 

a Gaussian-shaped spectrum to provide a high axial 

resolution. During examination with the Lenstar, 

patients will be seated with their heads stabilized using 

a chin rest and brow bar. Patients then were asked to 

fixate on the internal fixation light while the 

measurements were taken. The instrument’s alignment 

will be done using the image of the eye on the computer 

monitor. Patients were asked to blink just before 

measurements being taken to maintain corneal clarity 

and prevent blinking during the examination. Blinking 

or loss of fixation was detected automatically by the 

instrument, and in this case and if required, the 

measurements were repeated. The instrument takes 16 

consecutive scans per measurement without the need 

for realignment, and 5 measurements were taken for 

each eye as recommended by the manufacturer. The 

internal software calculated the mean of these 5 

readings for both Central Corneal Thickness (CCT) and 

Anterior Chamber Depth (ACD), and these values were 

then used in subsequent analyses [2]. 

 Both Pentacam and Lenstar are non-contact 

examination method, thus have the advantage of 

minimal risk of infection transmission and more 

comfortable for the patients. Both devices provide 

accurate measurements in post-vitrectomy eyes, but 

only Pentacam can be used in conditions such as cornea 

scar and dense cataract, whilst Lenstar still has 

limitation in the mentioned conditions. Pentacam can 

only measures ACD and LT accurately in dilated pupils 

and very dense cataract will also yield inaccurate 

measurements. However both Pentacam and Lenstar are 

bulky and heavy thus are not portable, compared to 

ultrasonic biometry device such as the A-scan. 

 This study aims to find a correlation between 

anterior segment biometry measurement agreement 

between the Pentacam and Lenstar. Should a positive 

statistical agreement is established, the two devices can 

be used interchangeably. Among the parameters 

measured were keratometer, AC depth and lens 

thickness. 

 

METHODS 

This was a prospective, non- randomized, comparative 

analysis study. The study adhered to the Declaration of 

Helsinki and Good Clinical Practice guidelines. 

Institutional Review Board approval was obtained from 

the Medical Ethics Board of the University Malaya 

Medical Centre (Reference number: 829.9). The study 

received funding from the University of Malaya 

Research Grant and was conducted in the eye clinic of 

UMMC from December 2011 until March 2012. The 

patients were selected randomly (probability sampling) 

and there were no follow up required for the patients for 

this study. 

 The inclusion criteria was at least 40 years old 

of age, able to give informed consent and had age 

related cataract eyes (nucleus sclerosis) from clinical 

examination. The exclusion criteria were  significant 

cortical cataract, anterior subcapsular cataract and 

posterior subcapsular cataract ( the former two may 

interfere with the light scattering from the Pentacam and 

presence of posterior subcapsular cataract may increase 

the lens thickness and gives a false positive result), 
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previous glaucoma history, previous history of ocular 

trauma, previous retinal detachments with or without 

surgical intervention, prior intraocular surgery of any 

type, patients with pre-existing pathological corneal 

opacity that may interfere with the light transmission in 

the eye and lastly pregnant women. 

 The first author obtained informed consent 

from the patients, gave out the patient information 

sheets and did the initial screening and examination 

with a slit lamp biomicroscopy to ascertain that patients 

have nucleus sclerosis and not the other types of cataract 

listed in the exclusion criteria. Patients’ Best Corrected 

Visual Acuity (BCVA) was taken and routine history 

taking was carried out. After anterior segment 

examination were carried out on the slit lamp 

biomicroscopy, the patients’ eyes were dilated with 

topical mydratics , 1% tropicamide (Mydriacyl, Alcon, 

FT Worth, TX) and 2.5% phenylepherine hydrochloride 

(Mydfrin, Alcon, Ft. Worth, TX ).  Full ophthalmologic 

examination (dilated fundus examination) was then 

performed on all patients. 

 The patients’ eyes were then photographed with 

the Pentacam Scheimpflug system in a dark room. Lens 

thickness, keratometer and anterior chamber depth 

measurement were obtained from the Pentacam 

software, specifically at the 184° cut to ensure 

uniformity amongst all subjects. The Scheimpflug 

images for lens density (LD) were acquired using the 25 

image acquisition 3D scan protocol under maximal 

pupillary dilation. Mean LD was calculated using 

average of LD in all 25 meridians measured on beta 

version 2.73r05 of the Pentacam software. During this 

measurement, an area of 1.6 cm × 1.6 cm on the centre 

of the lens nucleus carefully selected to ensure 

accuracy. All the measurements were taken three times 

and the mean was considered for calculation. 

 Then, keratometry and further biometric 

examination of lens thickness, keratometer and anterior 

chamber depth measurement with a Lenstar were 

performed. An average of five readings was taken. 

Lastly, the patients’ intraocular pressure was measured 

with a Goldmann Tonometer. The IOP examination was 

performed at the end of the procedure is to avoid cornea 

staining prior to the cataract photo capture by the 

Pentacam. 

 

Statistical Analysis 

Correlation between keratometer, anterior chamber 

depth (ACD) and lens thickness (LT) were statistically 

analysed by SPSS version 13. P value of less than 0.05 

is considered statistically significant. Correlation 

coefficient by Spearmans’ Rho is used to find 

correlation between two non-parametric data e.g. LT by 

Pentacam and LT by Lenstar. Kruskal Wallis Test is 

used to compare the difference between LT, K-reading 

and AC among the races (more than 2 groups). Mann-

Whitney U Test is used to compare the difference 

between LT, K-reading and AC between the genders (2 

groups). Bivariate correlation is used to correlate 

between LT & LD, LT and age etc. 

 

RESULTS 

Two hundred and twenty three eyes of 125 patients were 

recruited. The mean age was 61.87 (range from 40 to 

84).  51.2% (n = 64) of the patients were male. With 

regards to their ethnicity, 36 were Malays, 43 were 

Chinese while 46 were Indian. Details of the 

demographic data according to ethnicity are 

summarized in Table 1. 

 
Table 1 Demographic distribution of participants in the study 

Race 
Gender 

Total 
Male Female 

Malay 14 22 36 

Chinese 25 18 43 

Indian 25 21 46 

Total 64 61 125 

 

 

 

Keratometry Study 

All 223 eyes were included in this study. The average 

keratometer reading (K-reading) measured by 

Pentacam was 44.08 (SD 2.15) and Lenstar was 44.13 

(SD 1.62). There is a general agreement in the K-

reading measured with both machines, with a 

significant correlation between K-reading by Pentacam 

and K-reading by Lenstar at 0.05 significant level 

(Correlation coefficient = 0.904, p < 0.001) (Figure 1). 

 The keratometry study had also find a positive 

correlation between K-reading and gender, in which K-

reading appears to be greater in male compared to 

female, with p-value of 0.002, measured with both 

machines, and tested with Mann Whitney U test. 

However, there was no significant difference in the K 
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reading amongst subjects of difference races. The P-

value for K-reading measured with Pentacam and 

Lenstar was 0.581 and 0.210 respectively, tested with 

Mann-Whitney U test. 

 

 
Figure 1 There is significant correlation between K-reading by Pentacam 

and K-reading by Lenstar at 0.05 significant level. 

Correlation coefficient = 0.904, p < 0.001 

 

 

Anterior Chamber Study 

The mean anterior chamber (AC) depth for the 223 eyes 

recruited in this study was 2.72 mm (SD 0.34) measured 

with Pentacam and 2.70 mm (SD 0.36) measured with 

Lenstar. There is a significant correlation between AC 

depth measurements by Pentacam and Lenstar at 0.05 

significant level with correlation coefficient of 0.992 

and p < 0.001, in which the two methods has a statistical 

analysis agreement (Figure 2). 

 

 
Figure 2 There is significant correlation between AC depth measured with 

Pentacam and Lenstar. 

Correlation coefficient of 0.992 and p < 0.001 

Male AC appeared deeper and there is a 

significant difference of AC depth (mm) between male 

and female at 0.05 significance level, with a p-value of 

0.022 measured with Pentacam, and a p-value of 0.010 

measured with Lenstar (Mann Whitney U test). The 

mean AC depth for Malay, Chinese and Indian patients 

were 2.7122 mm (SD 0.345), 2.745 mm (SD 0.357) and 

2.687 mm (SD 0.318) by Pentacam respectively. 

Measured by Lenstar, the mean AC depth were 2.731 

mm (SD 0.381) for Malay, 2.708 mm (SD 0.384) for 

Chinese and 2.674 mm (SD 0.302) for Indian patients 

(Table 2 and Table 3). A Kruskal-Wallis test shows that 

there was also no significant difference of anterior depth 

(mm) among the races at 0.05 significant level, with a 

p-value of 0.768 measured with Pentacam, and a p-

value of 0.890 measured with Lenstar. 

 

 
Table 2 Mean Anterior Chamber Depth (ACD) -amongst patients according 

to races, measured with Pentacam 

AC_Pentacam 
AC Depth (mm) 

N Mean Std. Deviation 

Malay 60 2.712 0.345 

Chinese 77 2.745 0.357 

Indian 80 2.687 0.318 

 

 
Table 3 Mean Anterior Chamber Depth (ACD) -amongst patients according 

to races, measured with Lenstar 

AC_Lenstar 
AC Depth (mm) 

N Mean Std. Deviation 

Malay 64 2.731 0.381 

Chinese 71 2.708 0.384 

Indian 77 2.674 0.302 

 

 

Lens Thickness Study 

From the 124 eyes in which the lens thickness were 

measureable with both Pentacam and Lenstar, a positive 

correlation was noted in between the two parameters, 

with correlation coefficient of 0.585, with p-value of < 

0.001 (Figure 3). 

 There is no significant difference in lens 

thickness between male and female patients as 

measured by Pentacam, analysed by Mann Whitney U 

Test (p-value 0.919, significant value as p > 0.05). 

However, when measured with Lenstar, there is a 

significant difference between the two genders as p-

value was 0.001 (significant level p-value > 0.05, using 

Mann Whitney U test). These values could be further 
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validated with a bigger sample size should this study 

being extended. 

 Racial comparison was also made and a 

Kruskal-Wallis test with significant level of 0.05 

showed no significant difference in lens thickness 

among the three major races, measured with Pentacam 

(p-value 0.663) and Lenstar (p-value 0.462). 

 There is a correlation between lens thickness 

and AC depth, in which the AC depth decreases as the 

lens thickness increases when the two parameters were 

measured with both Pentacam and Lenstar (0.05 

significant level, correlation coefficient = -0.473, p < 

0.001) and Lenstar (0.05 significant level, correlation 

coefficient = -0.583, p < 0.001). 

 

 
Figure 3 Correlation between lens thickness, measured with Pentacam, and 

lens thickness measured by Lenstar. 

Correlation coefficient of 0.585, with p-value of < 0.001 

 

 

CONCLUSIONS 

This prospective cross-sectional observational study is 

to compare statistical agreement between the Pentacam 

and Lenstar in anterior segment measurement of the 

eye. The agreement between the Pentacam and Lenstar 

in the anterior segment biometry including corneal 

thickness (CCT) and anterior chamber depth (ACD) has 

been previously reported [3], but not in lens thickness 

measurements. This study showed high agreement in 

the lens thickness measurement in these two machines 

and thus the measurements are interchangeable. 

 The Pentacam is a highly reliable tool to 

measure the keratometer and corneal power, as reported 

by Jau-Der Ho et al [4]. The Keratometry Study part of 

this study showed high agreement in the K-reading 

between Pentacam and Lenstar, thus it is 

interchangeable and only one keratometer is required in 

patients who need long term follow up [5].  There is 

steeper K-reading acquired amongst male subject but 

there is no interracial difference in this parameter 

among the three major races in Malaysia. 

 The reliability of Pentacam in anterior segment 

biometry has been reported in numerous studies [6, 7, 

8]. The Anterior Chamber part of this study showed 

decrease in AC depth with increase in lens thickness, as 

expected, and the mean AC depth in this study amongst 

Malay, Indian and Chinese are in agreement to multiple 

population based studies [9, 10, 11]. 
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