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Abstract
e AIM: To compare the repeatability/reproducibility of

measurement by high-resolution Placido disk-based topo-
graphy with that of a high-resolution rotating Scheimpflug
camera and assess the agreement between the two
instruments in measuring corneal power in eyes with ker-
atoconus and post-laser in situ keratomileusis (LASIK).

e METHODS: One eye each of 36 keratoconic patients and
20 subjects who had undergone LASIK was included in
this prospective observational study. Two independent
examiners worked in a random order to take three mea-
surements of each eye with both instruments. Four par-
ameters were measured on the anterior cornea: steep ker-
atometry (Ks), flat keratometry (Kf), mean keratometry
(Km), and astigmatism (Ks-Kf). Intra-examiner repeatability
and inter-examiner reproducibility were evaluated by
calculating the within-subject standard deviation (Sw) the
coefficient of repeatability (R), the coefficient of variation
(CoV), and the intraclass correlation coefficient (ICC).
Agreement between instruments was tested with the Bland-
Altman method by calculating the 95% limits of agreement
(95% LoA).

e RESULTS: In keratoconic eyes, the intra-examiner and
inter-examiner ICC were >0.95. As compared with measu-
rement by high-resolution Placido disk-based topography,
the intra-examiner R of the high-resolution rotating Sch-
eimpflug camera was lower for Kf (0.32 vs 0.88), Ks (0.61 vs
0.88), and Km (0.32 vs 0.84) but higher for Ks-Kf (0.70 vs 0.57).
Inter-examiner R values were lower for all parameters
measured using the high-resolution rotating Scheimpflug
camera. The 95% LoA were -1.28 to +0.55 for Kf, -1.36 to
+0.99 for Ks, -1.08 to +0.50 for Km, and -1.11 to +1.48 for
Ks-Kf. In the post-LASIK eyes, the intra-examiner and

inter-examiner ICC were >0.87 for all parameters. The
intra-examiner and inter-examiner R were lower for all
parameters measured using the high-resolution rotating
Scheimpflug camera. The intra-examiner R was 0.17 vs 0.88
for Kf, 0.21 vs 0.88 for Ks, 0.17 vs 0.86 for Km, and 0.28 vs
0.33 for Ks-Kf. The inter-examiner R was 0.09 vs 0.64 for
Kf, 0.15 vs 0.56 for Ks, 0.09 vs 0.59 for Km, and 0.18 vs 0.23
for Ks-Kf. The 95% LoA were -0.54 to +0.58 for Kf, -0.51 to
+0.53 for Ks and Km, and -0.28 to +0.27 for Ks-Kf.

e CONCLUSION: As compared with Placido disk-based
topography, the high-resolution rotating Scheimpflug camera
provides more repeatable and reproducible measurements
of Ks, Kf and Ks in keratoconic and post-LASIK eyes.
Agreement between instruments is fair in keratoconus and
very good in post-LASIK eyes.
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INTRODUCTION
A ccurate measurement of corneal power is required for
diagnosis and follow-up in patients with keratoconus.
With the advent of corneal cross-linking, precise measurement
of corneal power over time is crucial for patient selection,
Reliable measurement of corneal power is also important after
refractive surgery for several reasons: to monitor post-operative
stability, assess the onset of complications such as corneal
ectasia, and calculate intraocular lens (IOL) power accurately.
Placido disk-based topography and the rotating Scheimpflug
camera are widely used by clinicians to measure corneal power.
However, the systems are based on different technologies.
In Placido disk-based topography (or reflection topography),
corneal power is determined from a series of concentric rings

(or mires) projected on the anterior corneal surface, whereas
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the rotating Scheimpflug camera measures corneal power from
cross-sectional scans of the cornea. The reliability of the two
technologies and their agreement in measuring corneal power
has been compared in normal corneas” ™. A recent Meta-
analysis””) showed similar intra-examiner repeatability and
inter-examiner reproducibility between these technologies; as
regards the agreement, they were found to be equivalent. In
eyes with keratoconus and after laser in situ keratomileusis
(LASIK), measurement reliability might be lower due to the
corneal irregularities and the changes in corneal shape induced
by excimer laser. In this study, we compared the repeatability/
reproducibility of measurement by high-resolution Placido
disk-based topography (Antares, Costruzione Strumenti Oftal-
mici, Florence, Italy) with that of a high-resolution rotating
Scheimpflug camera (Pentacam HR, Oculus, Wetzlar, Germany)
and assessed the agreement between these instruments in
measuring corneal power in eyes with keratoconus and post-
LASIK.

SUBJECTS AND METHODS

Subjects Two groups of patients were prospectively recruited:
patients with a diagnosis of keratoconus based on classic
slittamp and corneal topography findings and patients who had
undergone LASIK. Patients were examined at the Cornea Service
of the Eye Clinic, University of Torino, between September
2013 and February 2014. If both eyes were elegible for the
study, the eye to be examined was randomly selected (fair coin
toss). Exclusion criteria were history of corneal cross-linking
or ocular surgery, use of contact lenses in the previous 30d,
presence of corneal scars, ocular surface diseases or other ocular
comorbidities. The study was conducted in accordance with
the Declaration of Helsinki and approved by the local clinical
research Ethics Committee. All participants provided informed
consent.

Measurements Measurement repeatability and reproducibility
were defined according to the International Organization for
Standardization™”. To assess repeatability, all factors (examiner,
instrument, calibration, setting, time between measurements)
were kept constant. To assess reproducibility, only one factor
(examiner) was changed.

The Antares is a 24-ring Placido disk-based topographer that
uses a white light source and a high resolution (1024x960
pixels) color digital camera to measure 6144 corneal points.
The software version was Phoenix 3.0. The Pentacam HR uses
a monochromatic slit-light source [blue light-emitting diode
(LED)] operating at 475 nm wavelength) and a high-resolution
(1.45 megapixel) 360-degree rotating Scheimpflug camera to
measure 138 000 true elevation points of the cornea. The soft-
ware version was 1.19r11. Both instruments were calibrated by
the manufacturer at the beginning of the study.

Two expert examiners worked in a random order to take three

measurements of each eye with both instruments. Measure-
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ments were taken during a single session between 2 and 4 p.m.
following the manufacturer’s guidelines. The patient’s head
was carefully aligned in the chin rest and against the forehead
strap. He/she was asked to open both eyes, stare at the fixation
target, and blink before each scan. The devices were defocused
and realigned before each measurement.

Using the Placido disk-based topographer, the examiner
focused the rings on the corneal surface and aligned the
instrument with the corneal vertex. The instrument was moved
away from the eye to obtain a “little defocus”, then slowly
towards the eye, and the image was captured automatically by
the high-resolution digital camera. The procedure was repeated
until a good-quality image was obtained. Using the high-reso-
lution rotating Scheimpflug camera, the examiner adjusted the
joystick until perfect alignment was achieved. Then the auto-
matic release mode was used to capture 25 images per scan.
The scan was accepted if the quality expressed by the software
was “OK”.

The tangential curvature map was displayed on the instrument
monitor and the following parameters were recorded. 1) Flat
keratometry (Kf) and steep keratometry (Ks). Using the default
setting of the instruments, the Kf and Ks are calculated auto-
matically 90 degrees apart from the steepest and flattest radius
of curvature (r) of the 3.00 mm central cornea based on the
paraxial formula: K=(n,-n,)/r, where n, is the standard refrac-
tion index of the cornea (1.3375) and n, is the refraction index
of air (1). 2) Mean keratometry (Km). This parameter is calcu-
lated from the arithmetic average of the steepest and flattest
radius of curvature of the 3.00 mm central cornea based on the
paraxial formula. 3) Astigmatism (Ks-Kf). This parameter is
the arithmetic difference between Ks and Kf.

Statistical Analysis All data were exported in an Excel
spreadsheet (Microsoft Corp., Redmond, WA, USA), and
statistical analysis was performed using IBM SPSS Statistics
(version 19.0, IBM, Inc. Armonk, NY, USA). Continuous vari-
ables were expressed as meantstandard deviation. They were
compared with non parametric tests for k matched distribu-
tions: Wilcoxon’s signed-rank test for k=2 and Friedman’s test
for k>2. Statistical significance was set at P<0.05. Repeatabili-
ty and reproducibility were assessed using the following meth-
ods and parameters. 1) Within-subject standard deviation (Sw)
which is derived from the square root of the residual mean
square from the analysis of variance (ANOVA)"'. 2) The coef-
ficient of repeatability (R), which is calculated by multiplying
the Sw by 2.77. For 95% of all pairs of measurements, the ab-
solute difference between two measurements may be as much
as this value!"”’. This coefficient is an indicator of repeated mea-
surement error. The lower the coefficient, the better the repeat-
ability. 3) Coefficient of variation (CoV), which is the Sw/mean
ratio (%). This coefficient gives an idea of the Sw proportion-
ality with respect to the mean and allows to compare data sets
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Table 1 Intra-examiner repeatability of corneal power measurements by Placido disk-based

topography and high-resolution rotating Scheimpflug camera in eyes with keratoconus

Parameters 'p Sw (D) R (D) CoV (%) ICC (95% CI)
Kf
Placido 0.86 0.32 0.88 0.72 0.962 (0.932-0.980)
Scheimpflug 0.31 0.11 0.32 0.25 0.996 (0.993-0.998)
Ks
Placido 0.80 0.32 0.88 0.67 0.987 (0.978-0.993)
Scheimpflug 0.74 0.22 0.61 0.46 0.995 (0.990-0.997)
Km
Placido 0.99 0.30 0.84 0.65 0.980 (0.965-0.990)
Scheimpflug 0.79 0.11 0.32 0.25 0.996 (0.992-0.998)
Ks-Kf
Placido 0.37 0.21 0.57 6.60 0.987 (0.977-0.993)
Scheimpflug 0.90 0.25 0.70 8.55 0.973 (0.952-0.986)

Kf: Flat keratometry; Ks: Steep keratometry; Km: Mean keratometry; Ks-Kf: Astigmatism; D: Diopters;
Sw: Within-subject standard deviation; R: Coefficient of repeatability; CoV: Coefficient of variation;

ICC: Intraclass correlation coefficient. 'Friedman’s test.

with different units or widely different means. The lower the
CoV, the higher the repeatability. 4) Intraclass correlation co-
efficient (ICC), which is the ratio of the between-subject vari-
ance to the sum of the pooled within-subject variance and the
between-subject variance. The closer the ICC is to 1, the better
the measurement consistency (very good if ICC>0.90, mod-
erate if 0.75<ICC=>0.90, poor if ICC<0.75). The coefficient is
quoted with 95% confidence interval (95% CI).

Agreement between the two instruments was tested using
Bland-Altman plots, where differences between the instrument
measurements were plotted against mean values'''. The mean
difference and 95% limits of agreement (95% LoA) were cal-
culated for each corneal parameter from the mean difference
+1.96 standard deviation. They represent the limits of the range
for the 95% of differences between the two instruments.
Sample size was calculated to determine the minimum number
of patients that had to be included in the study in order to
detect a statistical difference between repeated intrasubject
measurements. Previous studies'” report that the standard
deviation of multiple corneal power measurements with the
rotating Scheimpflug camera and Placido-disk topography is
about 0.10 diopters (D). Hence, to detect a difference in cor-
neal power of 0.25 D, with a significance level of 0.05 and a
power of 0.95, a minimum sample size of five eyes per group
was computed to be needed.

RESULTS

Keratoconic Eyes One eye of 32 patients (20 women and
12 men) with keratoconus was analyzed. The mean age was
36.9+13.1y. According to the collaborative longitudinal evalua-
tion of keratoconus (CLEK) study group classification'"”, mild
keratoconus (Km<45 D) was present in 10/32 eyes (31.25%)
and moderate keratoconus (Km >45 and <52 D) in 22/32 eyes
(68.75%).

Intra-examiner Repeatability Table 1 shows the intra-examiner
repeatability of measurements with each method by examiner
1, as assessed by Sw, R, CoV, and ICC, as well as the results
of Friedman’s test on the three sets of measurements obtained
for each parameter (Kf, Ks, Km, Ks-Kf). For Kf, Ks and Km
measurements, the Sw, R and CoV were lower using high-res-
olution rotating Scheimpflug camera compared to Placido
disk-based topography (Table 1). In contrast, for Ks-Kf mea-
surement, the Sw, R and CoV were slightly lower using the
Placido disk-based topography compared to high-resolution
rotating Scheimpflug camera (Table 1). The ICC between mea-
surements by both instruments repeated by the same examiner
were >0.90 for all parameters (Table 1). Similar results were
obtained for examiner 2.

Inter-examiner Reproducibility Since all sets of three mea-
surements proved to be statistically equivalent (P>0.30), they
were averaged to yield for each examiner an ensemble of series
relative to each of the four parameters for the two instruments.
Table 2 presents the results of Wilcoxon’s test on all matched
measurements by the two examiners and shows no statistically
significant differences between examiners. The Sw, R, and
CoV of all parameters measured by the high-resolution rotat-
ing Scheimpflug camera were lower as compared with Placido
disk-based topography (Table 2). The ICC between examiners
were >0.90 for all parameters measured by both instruments
(Table 2).

Agreement Between Instruments Table 3 reports the outcome
of the comparison of measurement of the four parameters by
the two instruments. Since good inter-examiner reproducibility
was found in the previous step of the analysis, the table pres-
ents details of the evaluation only for examiner 1. Wilcoxon’s
test indicated that Placido disk-based topography significantly
underestimated Kf and Km, and Ks to a minor extent. The
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Table 2 Inter-examiner reproducibility of corneal power measurements by Placido disk-based topog-

raphy and high-resolution rotating Scheimpflug camera in eyes with keratoconus

Parameters 'p Sw (D) R (D) CoV (%) ICC (95% CI)
Kf
Placido 0.06 0.29 0.81 0.65 0.968 (0.936-0.984)
Scheimpflug 0.56 0.08 0.21 0.17 0.998 (0.996-0.999)
Ks
Placido 0.05 0.35 0.98 0.74 0.986 (0.972-0.993)
Scheimpflug 0.74 0.14 0.40 0.30 0.998 (0.995-0.999)
Km
Placido 0.06 0.31 0.87 0.68 0.980 (0.959-0.990)
Scheimpflug 0.58 0.09 0.26 0.20 0.998 (0.996-0.999)
Ks-Kf
Placido 0.27 0.19 0.52 5.97 0.990 (0.981-0.995)
Scheimpflug 0.34 0.14 0.38 4.70 0.993 (0.986-0.997)

Kf: Flat keratometry; Ks: Steep keratometry; Km: Mean keratometry; Ks-Kf: Astigmatism; D: Diopters;
Sw: Within-subject standard deviation; R: Coefficient of repeatability; CoV: Coefficient of variation; ICC:
Intraclass correlation coefficient. 'Wilcoxon’s signed-rank test.

Table 3 Agreement between Placido disk-based topography and high-resolution rotating Scheimpflug

camera in measuring corneal power in eyes with keratoconus xxs
Instruments Kf Ks Km Ks-Kf
Placido 44.63+1.65 47.76%3.06 46.1242.23 3.14+1.92
Scheimpflug 44.99+1.81 47.95+3.05 46.41+2.33 2.96+1.63

'P <0.01 0.03 <0.01 0.26
Difference between instruments -0.37+0.47 -0.19+0.60 -0.29+0.40 0.18+0.66
95% LoA -1.28t0 +0.55  -1.36t0 +0.99  -1.08to +0.50  -1.11to +1.48

Kf: Flat keratometry; Ks: Steep keratometry; Km: Mean keratometry; Ks-Kf: Astigmatism; 95% LoA: 95%

limits of agreement. 'Wilcoxon’s signed-rank test.

Bland-Altman plots (Figures 1, 2) confirmed these results, as
far as mean difference and width of the region of agreement.
It follows that Ks-Kf was slightly (P=0.26) overestimated by
Placido disk-based topography, with small mean difference
and large region of agreement.

Post-LASIK Eyes One eye of 20 patients (mean age 34.4+
7.1y; 16 women and 4 men) were analyzed on average 1.2+0.3y
after LASIK. Eighteen had undergone myopic and 2 hyper-
opic LASIK. The mean preoperative spherical equivalent was
-3.9+£2.1 D (range +2.50 to -6.00 D).

Intra-examiner Repeatability Table 4 shows the measure-
ment repeatability by both instruments for examiner 1, as
assessed by Sw, R, CoV, and ICC, as well as the results of
Friedman’s test on the three sets of measurements by the two
instruments obtained for each parameter. The Sw, R, and CoV
for measurement of all parameters by the high-resolution
rotating Scheimpflug camera were lower as compared with
Placido disk-based topography (Table 4). The ICC between
measurements repeated by the same examiner were >0.90 for
all parameters, except for Ks-Kf measured by the Placido disk-
based topography (ICC=0.876, Table 4). Similar results were
obtained for examiner 2.
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Figure 1 Scatterplot demonstrating the differences between
Placido disk-based topography and the high-resolution rotating
Scheimpflug camera in measuring Kf, Ks, and Km in eyes with
keratoconus, plotted against the mean value obtained with the

two instruments.

Inter-examiner Reproducibility Since all sets of the three
measurements proved to be statistically equivalent (P>0.06),
they were averaged to yield for each examiner an ensemble
of series relative to each of the four parameters for the two
instruments. Table 5 presents the results of Wilcoxon’s test on
all matched measurements by the two examiners and shows no
statistically significant differences between examiners. The Sw,
R, and CoV for all parameters measured by the high-resolution
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Table 4 Intra-examiner repeatability of corneal power measurements by Placido disk-
based topography and high-resolution rotating Scheimpflug camera in post-LASIK eyes

Parameters 'p Sw (D) R(@D) CoV (%) ICC (95% CI)
Kf
Placido 0.86 0.32 0.88 0.77 0.989 (0.976-0.995)
Scheimpflug 0.79 0.06 0.17 0.15 1(0.999-1)
Ks
Placido 0.68 0.32 0.88 0.77 0.989 (0.976-0.995)
Scheimpflug 0.37 0.08 0.21 0.18 0.999 (0.999-1)
Km
Placido 0.86 0.31 0.86 0.75 0.989 (0.978-0.995)
Scheimpflug 0.37 0.06 0.17 0.15 1(0.999-1)
Ks-Kf
Placido 0.45 0.12 0.33 16.10 0.876 (0.760-0.944)
Scheimpflug 0.07 0.10 0.28 13.54 0.909 (0.820-0.960)

Kf: Flat keratometry; Ks: Steep keratometry; Km: Mean keratometry; Ks-Kf: Astigmatism; D:
Diopters; Sw: Within-subject standard deviation; R: Coefficient of repeatability; CoV: Coeffi-
cient of variation; ICC: Intraclass correlation coefficient. 'Friedman’s test.

Table 5 Inter-examiner reproducibility of corneal power measurements by Placido disk-
based topography and high-resolution rotating Scheimpflug camera in post-LASIK eyes

Parameters 'p Sw (D) R(D) CoV (%) ICC (95% CI)
Kf
Placido 0.99 0.23 0.64 0.56 0.994 (0.985-0.998)
Scheimpflug 0.80 0.03 0.09 0.08 1(1-1)
Ks
Placido 0.73 0.20 0.56 0.48 0.995 (0.988-0.998)
Scheimpflug 0.07 0.05 0.15 0.13 1 (0.999-1)
Km
Placido 0.72 0.21 0.59 0.52 0.995 (0.986-0.998)
Scheimpflug 0.99 0.03 0.09 0.08 1(0.999-1)
Ks-Kf
Placido 0.58 0.08 0.23 11.43 0.935 (0.844-0.974)
Scheimpflug 0.06 0.06 0.18 8.28 0.970 (0.919-0.987)

Kf: Flat keratometry; Ks: Steep keratometry; Km: Mean keratometry; Ks-Kf: Astigmatism; D:
Diopters; Sw: Within-subject standard deviation; R: Coefficient of repeatability; CoV: Coeffi-

cient of variation; ICC: Intraclass correlation coefficient. 'Wilcoxon’s signed-rank test.
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Figure 2 Scatterplot demonstrating the differences between
Placido disk-based topography and the high-resolution rotating
Scheimpflug camera in measuring Ks-Kf in eyes with kerato-
conus, plotted against the mean value obtained with the two

instruments.

rotating Scheimpflug camera were lower as compared with
Placido disk-based topography (Table 5). The ICC between
examiners were >0.90 for all parameters measured by both in-
struments (Table 5).

Agreement Between Instruments Table 6 reports the out-
come of the comparison between the two instruments. Since
good inter-examiner reproducibility was found in the previous
step of the analysis, the details of the comparison are shown
only for examiner 1. Wilcoxon’s test indicated excellent agree-
ment between the devices in the evaluation of Kf, Ks, Km, and
Ks-Kf'. The Bland-Altman plots (Figures 3, 4) confirmed these
results, as far as mean difference and reduced width of the
region of agreement.

DISCUSSION

Keratoconic Eyes Both Placido disk-based topography and
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Table 6 Agreement between Placido disk-based topography and high-resolution rotating Scheimpflug camera in

measuring corneal power in post-LASIK eyes x=xs
Instruments Kf Ks Km Ks-Kf
Placido 41.2343.07 41.97+3.03 41.60+3.05 0.73£0.35
Scheimpflug 41.2242.93 41.96+2.96 41.59+2.94 0.74+0.32

'p 0.98 0.86 0.84 0.94
Difference between instruments 0.02+0.29 0.01+£0.27 0.01+£0.27 0.00+0.14

95% LoA -0.54 to +0.58 -0.51 to +0.53 -0.51 to +0.53 -0.28 to +0.27

Kf: Flat keratometry; Ks: Steep keratometry; Km: Mean keratometry; Ks-Kf: Astigmatism; 95% LoA: 95% limits of agree-

ment. 'Wilcoxon’s signed-rank test.
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Figure 3 Scatterplot demonstrating the differences between
Placido disk-based topography and the high-resolution rotat-
ing Scheimpflug camera in measuring Kf, Ks, and Km in post-
LASIK eyes, plotted against the mean value obtained with the

two instruments.
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Figure 4 Scatterplot demonstrating the differences between
Placido disk-based topography and the high-resolution rotating
Scheimpflug camera in measuring Ks-Kf in post-LASIK eyes,
plotted against the mean value obtained with the two instruments.

the high-resolution rotating Scheimpflug camera provided
repeatable and reproducible measurements in keratoconic
eyes. The accuracy of the instruments was slightly lower than
that reported in normal corneas **. Using both instruments,
the intra-examiner/inter-examiner differences were not sta-
tistically significant (P>0.05), and the ICC were >0.90 for all
parameters. The Sw, R, and CoV values showed that the in-
tra-examiner/inter-examiner variability in measuring Ks-Kf by
the two instruments was similar. The intra-examiner/inter-ex-
aminer variability for the Kf, Ks, and Km measurements by
the high-resolution rotating Scheimpflug camera was lower as
compared with Placido disk-based topography. The intra-ex-
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aminer R had differences >0.25 D for Ks (0.61 vs 0.88 D),
>0.50 D for Kf (0.32 vs 0.88 D), and Km (0.32 vs 0.84 D). Sim-
ilarly, the inter-examiner R had differences >0.50 D for Kf (0.21
vs 0.81 D), Ks (0.40 vs 0.98 D), and Km (0.26 vs 0.87 D). These
findings suggest that different thresholds for Placido disk-
based topography and high-resolution rotating Scheimpflug
camera should be used to define disease progression. Indeed,
a higher instrument variability involves higher thresholds to
define disease progression. Based on our results, the threshold
for Kf, Ks, and Km should be 0.50 D when the high-resolution
rotating Scheimpflug camera and 0.8 - 1 D when Placido disk-
based topography is used.

Of note, however, is that since these thresholds were obtained
in eyes with mild and moderate keratoconus, they might be not
appropriate for evaluating eyes with advanced keratoconus. In
eyes with advanced keratoconus, variability of measurements

519 In their study, Hashemi et al'"”! reported

may increase
that the variability of Kf and Ks was significantly increased in
eyes with steep corneas. Comparison of keratoconic corneas
with Ks<50 D versus >55 D showed that the R value of Kf
increased by more than fourfold (from 0.36 to 1.66 D) and
that of Ks by sevenfold (from 0.40 to 2.80 D). In keratoconic
corneas with high astigmatism, the variability of curvature
measurements may increase because patients find it difficult to
fixate accurately during examination'"”. Moreover, small dif-
ferences in instrument alignment between repeated scans can
lead to wide variations of curvature measurements in eyes with
very steep and irregular corneas.

As mentioned above, we observed that Placido disk-based to-
pography was less reliable in measuring Kf, Ks, and Km than
the high-resolution Scheimpflug camera. However, many in-
struments based on Placido disk principle are available. Using
the Keratograph (Oculus Optikgerdte GmbH, Wetzlar, Germany),
a Placido disk-based topographer, Ortiz-Toquero et al''” found
a better reliability of Kf and Ks measurements compared to
our results. In 25 eyes with mean Kf of 45.30 and mean Ks of
47.84 D, the CoV values of these parameters were 0.36 and
0.47 D respectively. In our study, they were higher, being 0.72
and 0.67 D respectively.
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The measurements taken with the two instruments were sta-
tistically different for Kf, Ks, and Km but not for Ks-Kf. On
average, Placido disk-based topography underestimated Kf,
Ks, and Km (-0.37, -0.19, and -0.29, respectively) and over-
estimated Ks-Kf (+0.18) as compared with high-resolution
rotating Scheimpflug camera. Although these differences were
clinically mild, the width of the region of agreement showed
that the differences in measuring Kf, Ks, Km, and Ks-Kf by
the two instruments ranged from 1.50 to 2.50 D. These data
suggest that the two instruments are not interchangeable for
corneal power measurements in keratoconus.

Post-LASIK Eyes Also in the post-LASIK eyes, measure-
ments by Placido disk-based topography and high-resolution
rotating Scheimpflug camera were repeatable and reproduc-
ible. There were no statistically significant intra-examiner/
inter-examiner differences with either instrument (P>0.05),
and the ICC were >0.90 for all parameters except for Ks-Kf
measured by Placido disk-based topography in the intra-exam-
iner analysis. However, considering the Sw, R, and CoV values
for Kf, Ks and Km, the variability of measurements by the
high-resolution rotating Scheimpflug camera was considerably
lower as compared with Placido disk-based topography. In the
post-LASIK eyes, the reliability of the high-resolution rotating
Scheimpflug was comparable with that found in normal cor-
neas, but that of Placido disk-based topography was lower” ™.
Furthermore, the intra-examiner and inter-examiner differenc-
es between instruments were high in the post-LASIK eyes.
Intra-examiner R had differences >0.70 for Kf (0.17 vs 0.88 D)
and >0.60 D for Ks (0.21 vs 0.88 D) and Km (0.17 vs 0.86 D).
The inter-examiner R had differences >0.50 D for Kf (0.09 vs
0.64 D) and >0.40 for Ks (0.15 vs 0.56 D) and Km (0.09 vs 0.59
D). Based on our results, the corneal power variability between
measurements in post-LASIK eyes should be 0.20 D with the
high-resolution rotating Scheimpflug camera and 0.60-0.90 D
with Placido disk-based topography for Kf, Ks, and Km. The
variability between measurements by both instruments was
similar for Ks-Kf (about 0.30 D).

A number of studies!**

I'have reported on the reliability of
corneal power measurements in post-LASIK eyes. Two stud-
ies!"®! used the high-resolution rotating Scheimpflug camera
and no studies have compared Placido disk-based topography
and the high-resolution rotating Scheimpflug camera. Jain
¥ obtained a repeatability coefficient of 0.29 for Km, that

was slightly higher as compared with what we found in the

et alt

current study (R=0.17). Ho wever, because Jain et al'"* per-
formed 5 (not 3) consecutive measurements and measured the
radius of curvature in millimeters (instead of corneal power in
diopters) no direct comparison between their study and ours

! the repeatabil-

can be made. Also in the study by Chan et a/
ity coefficients of Ks, Kf and Km were slightly higher than in

our study (0.55, 0.42, and 0.28 respectively). This difference

may be due to the characteristics of the included eyes. In the
study by Chan et al”", the preoperative spherical equivalent
was higher (-6.27+1.67) and the post-LASIK keratometric val-
ues were lower (39.49, 38.74 and 39.11 for Ks, Kf, and Km,
respectively ) as compared to our study.

Agreement between the two technologies in measuring Kf,
Ks, Km, and Ks-Kf was very good. As compared with the
high-resolution rotating Scheimpflug camera, Placido disk-
based topography slightly overestimated Kf, Ks, and Km, but
the differences between the instruments (0.02, 0.01, 0.01 D,
respectively) were not statistically significant. Moreover, no
difference was found in measuring Ks-Kf. Although these
differences were clinically negligible, the width of the region
of agreement showed that the differences between the two
instruments were about 1 D for Kf, Ks, Km and about 0.50 D
for Ks-Kf. These data suggest that the two instruments are not
completely interchangeable for corneal power measurements
in post-LASIK eyes.

The present study has some limitations. First, the threshold val-
ues found in this study need to be confirmed in a larger sam-
ple of patients. Second, the study did not test the differences
between instruments in eyes with advanced keratoconus and
in those with poor tear film stability. In such cases, the differ-
ence might increase. Third, the study did not include a control
group.

In conclusion, we found that high-resolution rotating Scheimpflug
camera has higher reliability compared to Placido disk-based
topography in measuring most of corneal power parameters
in keratoconic and post-LASIK eyes. The reliability of both
instruments for measuring astigmatism was similar. Agreement
between the two instruments was fair in keratoconus and very
good in post-LASIK eyes, although they were not completely
interchangeable in measuring corneal power parameters in
these eyes.
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