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Purpose: To assess the comparability and repeatability of keratometric and astigmatism values 

measured by four techniques: Orbscan IIz® (Bausch and Lomb), Lenstar LS 900® (Haag-Streit), 

Cassini® (i-Optics), and Total Cassini (anterior + posterior surface), in healthy volunteers.

Patients and methods: Fifteen healthy volunteers (30 eyes) were assessed by the four 

techniques. In each eye, three consecutive measures were performed by the same operator. 

Keratometric and astigmatism values were recorded. The intraclass correlation coefficient (ICC) 

was used to assess comparability and repeatability. Agreement between measurement techniques 

was evaluated with Bland–Altman plots.

Results: Comparability was high between all measurement techniques for minimum 

keratometry (K1), maximum keratometry (K2), astigmatism magnitude, and astigmatism 

axis, with ICC .0.900, except for astigmatism magnitude measured by Cassini compared to 

Lenstar (ICC =0.798) and Orbscan compared to Lenstar (ICC =0.810). However, there were 

some differences in the median values of K1 and K2 between measurement techniques, and 

the Bland–Altman plots showed a wide data spread for all variables, except for astigmatism 

magnitude measured by Cassini and Total Cassini. For J0 and J45, comparability was only high 

for J0 between Cassini and Orbscan. Repeatability was also high for all measurement techniques 

except for K2 (ICC =0.814) and J45 (ICC =0.621) measured by Cassini.

Conclusion: All measurement techniques showed high comparability regarding K1, K2, and 

astigmatism axis. Although posterior corneal surface is known to influence these measurements, 

comparability was high between Cassini and Total Cassini regarding astigmatism magnitude 

and axis. However, the wide data spread suggests that none of these devices should be used 

interchangeably.
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Introduction
Accurate measurements of corneal power and astigmatism are crucial to attain optimal 

results in cataract surgery.1,2 Given the variety of currently available devices and the 

lack of a recognized gold standard, it is important to assess their comparability and 

repeatability, the former to evaluate the potential exchangeability of measurements 

obtained by different techniques and the latter to help establish which technique or 

instrument performs better.1 Although several studies have previously investigated the 

comparability and repeatability of different available devices regarding corneal power 

and astigmatism,3–6 namely the Cassini® (i-Optics) device used in this study,1,2,7,8 no 

study has compared the corneal power and astigmatism measured using Orbscan IIz® 

(Bausch and Lomb), Lenstar LS 900® (Haag-Streit), and Cassini and Total Cassini 

(the sum of the anterior and posterior corneal surfaces) in the same eyes and by the 

same operator.

Correspondence: Tiago B Ferreira
Department of Ophthalmology, hospital 
da luz, avenida lusiada 100, lisboa 
1500-650, Portugal
Tel +351 217 10 4400
Fax +351 217 10 4409
email tiagoferreira@netcabo.pt 

Journal name: Clinical Ophthalmology
Article Designation: Original Research
Year: 2018
Volume: 12
Running head verso: Ferreira and Ribeiro
Running head recto: Comparability of corneal astigmatism assessment methods
DOI: http://dx.doi.org/10.2147/OPTH.S146730

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OPTH.S146730
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:tiagoferreira@netcabo.pt


Clinical Ophthalmology 2018:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

30

Ferreira and ribeiro

Cassini (i-Optics) is a new technology specifically devel-

oped to assess eyes before cataract surgery.9 This technology 

has been shown to have a very high specificity in estimating 

corneal keratometry even in post-LASIK, keratoconic, and 

cross-linked corneas,10 and also a high precision in reporting 

corneal astigmatism.11

The goal of this work was to assess the comparability 

and repeatability of keratometric and astigmatism values 

measured by four techniques: Orbscan IIz, Lenstar LS 900, 

Cassini, and Total Cassini (anterior + posterior surface), in 

healthy volunteers.

Patients and methods
setting and population sample
This was an institutional cross-sectional study that included 

15 healthy volunteers (30 eyes). All eyes were assessed by 

the four techniques. Three consecutive measures (10 minutes 

apart) were performed in each eye by the same operator, 

using the four techniques. Keratometric and astigmatism 

values were recorded. Inclusion criteria were healthy indi-

viduals aged 18–50 years with a corrected visual acuity of 

0.00 logMAR or better. Exclusion criteria were a history of 

ocular pathology, trauma, contact lens wear, systemic or local 

medications, and ocular surgery. In addition, patients with 

anterior segment pathologies such as dry eye, Meibomian 

gland disease, corneal disease, or abnormal topographies 

were excluded from this study. All participants were in 

the proper head positioning, and targets were positioned as 

instructed by the manufacturer of each device. The sequence 

of the measurements with the three devices was randomly 

chosen. The study protocol was approved by Hospital da 

Luz Institutional Review Board. All participants provided 

written informed consent.

automated topographers
Topography data were obtained with Orbscan IIz (Bausch 

and Lomb), Lenstar LS 900 (Haag-Streit), and Cassini 

(i-Optics).

Orbscan IIz is a Placido-based multidimensional system 

that combines slit-scan and Placido ring technology, provid-

ing a complete analysis of the corneal surface, evaluating all 

corneal curvatures. Keratometry from the 3.0 mm zone was 

used to maximize comparability between devices. The Lenstar 

LS 900 uses 32 measuring points arranged in two concentric 

rings (outer 2.3 mm, inner 1.65 mm) of 16 measuring points 

each.12 Cassini is a topographer that uses multicolor point-to-

point (up to 700) ray tracing, combined with second Purkinje 

Imaging Technology.13 A detailed description of each 

topographer has been previously described.9 Keratometry is 

measured in the 3.0 mm zone.

Calibration of all topographers was performed according 

to the manufacturer’s instructions.

Measurements
Assessed parameters were minimum (K1), maximum (K2), 

mean keratometry (Km), astigmatism magnitude (D), and 

axis (°). For the Cassini, these values were recorded for 

the anterior corneal surface and for total corneal astig-

matism (anterior + posterior surface). Vectors J0 and J45 

were also assessed for the cardinal (0°–180°) and oblique 

(45°–135°) meridians and were calculated using the formulas 

J0 = D × cos (2π × axis/180) and J45 = D × sin (2π × axis/180), 

according to Thibos and Horner.14

Power vectors were conceived as a way of transform-

ing conventional refractive error, or keratometric data, into 

mutually independent, orthogonal components, better suited 

to statistical analysis. Vector analysis permits a complete 

description of astigmatism characteristics15 and allows the 

comparison of both orientation and power.

statistical analysis
After Shapiro–Wilk tests of all variables, the Wilcoxon test 

was used to compare measurements performed on the dif-

ferent pairs of devices. The intraclass correlation coefficient 

(ICC) was used to assess comparability and repeatability. 

The ICC expresses the consistency of repeated measure-

ments, ranging from 0 to 1. An ICC ,0.75 indicates poor 

repeatability, from 0.75 to 0.89 moderate repeatability, 

and .0.90 high repeatability.1

When comparing axis, 180° was added to or subtracted 

from the measured axis so that measurement differences 

between methods were never .90°.8,9,11 Analysis of agree-

ment between each pair of devices was performed using 

Bland–Altman plots.9,16 The 95% limits of agreement (LoAs) 

represent the limits of the range for the 95% of differences 

between each pair of devices. According to the Bonferroni 

correction, tests were considered significant at P,0.008 

significance level (two-tailed). Data were processed using 

IBM SPSS 21 software (Armonk, NY, USA).

Results
Comparability of keratometry readings
Univariate analysis comparing K1 and K2, as assessed by 

Total Cassini, Cassini, Orbscan, and Lenstar, showed that 

there were differences in the median values of K1 and K2 

between Lenstar and Orbscan (Table 1). The ICC used 
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to assess comparability showed that comparability was 

high between all measurement techniques for K1 and K2. 

Agreement between assessment methods for Km is further 

illustrated in the Bland–Altman plots (Figure 1). The Cassini 

vs Lenstar agreement regarding Km showed the closest to 

0 mean difference (-0.030) but the highest range of LoA 

(2.397). The Orbscan vs Lenstar agreement showed the 

highest mean difference (-0.143) and the lowest range of 

LoA (0.301).

Comparability of astigmatism evaluation
Univariate analysis comparing astigmatism magnitude, 

astigmatism axis, J0, and J45, as assessed by Total Cassini, 

Cassini, Orbscan and Lenstar, showed that there were differ-

ences in the median values of J0 between Total Cassini and 

Cassini, and of J45 between Cassini and Lenstar (Table 1). 

The ICC used to assess comparability was high between 

all measurement techniques for astigmatism magnitude 

and astigmatism axis, with ICC .0.900, except for astig-

matism magnitude measured by Cassini compared to 

Lenstar (ICC =0.798) and Orbscan compared to Lenstar 

(ICC =0.810). For J0 and J45, comparability was only high 

for J0 between Cassini and Orbscan (ICC =0.989), with 

all other comparisons showing ICC ,0.900. Although all 

comparisons showed a P,0.001, J45 between Cassini and 

Orbscan and between Orbscan and Lenstar were notably low 

(ICC =0.522 and ICC =0.690, respectively). When compar-

ing Cassini and Total Cassini regarding both astigmatism 

magnitude and axis, comparability was high (ICC =0.941 

and ICC =0.983, respectively, P,0.001).

Agreement between assessment methods for astigmatism 

magnitude and astigmatism axis is further illustrated in the 

Bland–Altman plots (Figure 1). The best agreement for astig-

matism magnitude was between Total Cassini and Cassini, 

having the closest to 0 mean difference (0.014) and the lowest 

range of LoA (0.862). The agreement between Cassini and 

Lenstar showed the highest mean difference (0.201), and 

the Orbscan vs Lenstar the highest range of LoA (2.923). 

Regarding astigmatism axis, all comparisons showed a wide 

data spread, with the agreement between Total Cassini and 

Lenstar showing the closest to 0 mean difference (0.802), 

and the Total Cassini vs Cassini the lowest range of LoA 

(34.385). The agreement between Total Cassini and Cassini 

showed the highest mean difference (2.928), and the Total 

Cassini vs Orbscan the highest range of LoA (63.564).

repeatability
The ICC used to assess repeatability showed that this was 

high for all measurement techniques and assessed param-

eters, with ICC .0.900, except for K2 and J45 measured by 

Cassini (ICC =0.814 and ICC =0.621, respectively) (Table 2).

Discussion
Given the importance of evaluating the potential exchange-

ability of corneal power and astigmatism measurements,1 we 

assessed the comparability and repeatability of keratometric 

and astigmatism values measured by four techniques – Orb-

scan IIz, Lenstar LS 900, Cassini, and Total Cassini (anterior + 
posterior surface) – in 30 eyes of 15 healthy volunteers.

Comparability
The results reported in the literature concerning compa-

rability between devices are not consensual. Ventura et al 

found no differences in mean values of corneal power 

when comparing Cassini with Lenstar, but reported a sig-

nificant difference in corneal power between Cassini and a 

Placido-based topographer.1 However, Klijn et al reported 

differences in corneal power between Cassini and Lenstar 

and Cassini and a Placido-based topographer, although the 

authors considered the differences to be of negligible clinical 

relevance.7 In addition, a comparison between Cassini and a 

Placido-based corneal topographer showed no differences in 

corneal power,2 although another study comparing Cassini 

and a Placido-based corneal topographer showed differences 

Table 1 Descriptive statistics

Parameter Total Cassini Cassini® Orbscan IIz® Lenstar LS 900®

K1 (D) 42.77 (36.93–46.06) 42.90* (36.90–45.70) 42.82* (36.86–45.76)
K2 (D) 44.31 (41.24–47.06) 44.17* (40.87–46.43) 44.06* (41.32–46.63)
astigmatism (D) 0.88 (0.44–2.04) 0.89 (0.25–5.80) 0.80 (0.27–2.17) 0.87 (0.34–3.04)
axis (°) 89.33 (11.33–147.50) 91.92 (10.67–167.00) 93.00 (16.00–167.00) 94.33 (12.67–163.00)
J0 (D) 0.23* (-0.92 to 0.72) 0.30* (-0.86 to 2.87) 0.33 (-0.78 to 2.82) 0.32 (-0.82 to 1.48)
J45 (D) -0.01 (-0.76 to 0.36) 0.03* (-0.79 to 0.56) 0.04 (-0.54 to 1.63) 0.05* (-0.45 to 1.34)

Notes: all values are presented as median (minimum–maximum). Orbscan showed higher values of K1 and K2 compared to lenstar. Cassini showed a higher value of 
J0 compared to Total Cassini and a lower value of J45 compared to lenstar. *P,0.005.
Abbreviations: K1, minimum keratometry; K2, maximum keratometry.
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Figure 1 Bland–altman plots for astigmatism axis, astigmatism magnitude, and Km. The limits of agreement are shown by the red line. For astigmatism axis, the best 
agreement was between Total Cassini and lenstar ls 900® and the worst was between Total Cassini and Cassini®. For astigmatism magnitude, the best agreement was 
between Total Cassini and Cassini, and the worst was between Cassini and lenstar. regarding Km, the best agreement was between Cassini and lenstar, and the worst was 
between Orbscan iiz® and lenstar.
Abbreviation: Km, mean keratometry.
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in both K1 and K2.8 We found no differences in the median 

values of K1 and K2 between Cassini and Orbscan or Lenstar, 

although the median values of K1 and K2 between Lenstar 

and Orbscan were different. Comparability was high between 

all assessment methods, with ICC .0.900.

Agreement analysis showed that the Cassini vs Lenstar 

agreement regarding Km showed the closest to 0 mean differ-

ence, but it also showed the highest range of LoA (2.4), which 

is clinically relevant, while Orbscan vs Lenstar agreement 

showed the highest mean difference and the lowest range of 

LoA. Similar or higher ranges of LoA have been reported 

for Cassini–Placido and Cassini–Lenstar for corneal power, 

leading the authors to discourage the interchangeable use of 

these devices.1,2,8

We also evaluated the median values of astigmatism 

magnitude and axis between Cassini and Orbscan or Lenstar, 

and they showed no differences. Comparability was also high 

regarding astigmatism magnitude and astigmatism axis for all 

paired devices, except for astigmatism magnitude measured 

by Cassini compared to Lenstar (ICC =0.798) and Lenstar 

compared to Orbscan (ICC =0.810). Once again, the results 

reported in the literature are different. Ventura et al found 

no differences in mean values of astigmatism magnitude 

when comparing Cassini with Lenstar,1 but in contrast with 

two studies comparing Cassini and two different Placido-

based corneal topographers, both showing differences in 

astigmatism magnitude.2,8 Our results are further supported 

by agreement analysis, which showed that, for astigmatism 

magnitude, the agreement between Cassini and Lenstar 

showed the highest mean difference, with the agreement 

between the Orbscan and Lenstar showing the highest range 

of LoA. Similar or higher ranges of LoA have been reported 

for Cassini–Placido and Cassini–Lenstar for astigmatism 

magnitudes.1,2,8 Regarding astigmatism axis, comparisons 

showed a wide data spread.

As for J0 and J45, our results showed differences in 

J45 between Cassini and Lenstar, with Lenstar showing 

higher values. There were also differences in the median 

values of J0 and J45 between Total Cassini and Cassini. 

However, Ventura et al found no differences in the mean 

values of J45 when comparing Cassini with Lenstar.1 As for 

comparability, it was only high for J0 between Cassini and 

Orbscan (ICC =0.989), with all other comparisons showing 

ICC ,0.900. Although all comparisons showed a P,0.001, 

J45 between Cassini and Orbscan and between Lenstar and 

Orbscan were notably low (ICC =0.522 and ICC =0.690, 

respectively).

These different results may be accounted for due to the 

different population samples, different operators, and differ-

ent Placido-based devices. Given there is no gold standard 

device for these measurements, no conclusions can be drawn 

regarding which device is the most accurate. Agreement 

analysis showed a wide data spread, suggesting that these 

devices should not be used interchangeably, despite the high 

ICC values.

repeatability
Repeatability was high for all measurement techniques and 

assessed parameters, with ICC .0.900, except for K2 and 

J45 measured by Cassini. Two studies assessing Cassini 

repeatability concluded that Cassini has enhanced precision, 

further improving astigmatism magnitude, astigmatism axis 

repeatability,11 and keratometry,10 even in LASIK-treated, 

keratoconic, and cross-linked corneas.10 However, other 

studies have shown different results. One study concluded 

that, although Cassini provided highly repeatable measure-

ments, it had a worse repeatability than Lenstar in all parame-

ters, with Lenstar showing the best repeatability of all studied 

devices.1 However, another study reported a relatively low 

repeatability of corneal power measurements with Cassini, 

but a higher repeatability of cylinder measurements compared 

to both Lenstar and a Placido-based topographer.7 In contrast, 

Hidalgo et al showed a good repeatability for Cassini and 

Placido, both for keratometry and astigmatism.8

Table 2 repeatability and comparability

Parameter Intra-keratometer (ICC, 95% CI) Inter-keratometer (ICC, 95% CI)

Cassini® Orbscan IIz® Lenstar LS 900® Cassini–Orbscan Cassini–Lenstar Orbscan–Lenstar

K1 0.954 (0.893–0.980) 0.982 (0.959–0.992) 0.997 (0.993–0.999) 0.979 (0.954–0.990) 0.947 (0.882–0.976) 0.969 (0.932–0.986)
K2 0.814 (0.609–0.918) 0.979 (0.953–0.991) 0.997 (0.993–0.999) 0.954 (0.901–0.979) 0.949 (0.886–0.977) 0.968 (0.930–0.985)
astigmatism 0.913 (0.806–0.963) 0.955 (0.901–0.980) 0.942 (0.859–0.977) 0.964 (0.922–0.983) 0.798 (0.550–0.910) 0.810 (0.583–0.913)
axis 0.984 (0.962–0.993) 0.970 (0.933–0.987) 0.978 (0.945–0.991) 0.976 (0.948–0.989) 0.960 (0.911–0.982) 0.964 (0.921–0.984)
J0 0.918 (0.825–0.963) 0.984 (0.963–0.993) 0.984 (0.960–0.994) 0.989 (0.976–0.995) 0.891 (0.761–0.950) 0.893 (0.766–0.951)
J45 0.621 (0.313–0.812) 0.920 (0.827–0.965) 0.950 (0.877–0.980) 0.522 (-0.018 to 0.776) 0.815 (0.593–0.915) 0.690 (0.320–0.859)

Notes: all values are presented as median (minimum–maximum). all iCCs, both intra-keratometer and inter-keratometer, have P,0.001. repeatability was high for all 
measurement techniques and assessed parameters, with iCC .0.900, except for K2 and J45 measured by Cassini (iCC ,0.900). Comparability was also high for most 
parameters (iCC .0.900), but several inter-keratometer comparisons showed iCC ,0.900.
Abbreviations: ICC, intraclass correlation coefficient; K1, minimum keratometry; K2, maximum keratometry.
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A comparison between Lenstar and two Placido-based 

topographers showed that Lenstar and one of the Placido-

based topographers showed a reasonable repeatability for 

corneal power, J0, and J45, while the other Placido-based 

topographer showed poor repeatability for J45.3 This 

same study showed that one of the corneal Placido-based 

topographers had statistically higher repeatability for cor-

neal astigmatism and Lenstar had lower repeatability,3 but 

another study concluded that Lenstar showed acceptable 

repeatability.5 Other authors have reported a very high repeat-

ability for Placido-based topographers, with ICC .0.990 for 

K1, K2,4,6 and Km.4 Analysis of our results shows that the 

best repeatability for K1 and K2 was achieved by Lenstar, 

and the worst for K2 and J45 measured by Cassini. All other 

95% CIs show overlap.

In conclusion, the best repeatability for K1 and K2 was 

achieved by Lenstar. All measurement techniques also 

showed a high comparability regarding K1, K2, and astig-

matism axis. However, the wide data spread suggests that 

these devices should not be used interchangeably. Further 

research is required to assess the validity and precision of 

these measurements obtained with different devices.
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