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Abstract

Purpose: To compare ultrasound pachymetry and Orbscan II for measurement of central corneal
thickness (CCT) in normal eyes.

Methods: The current study was performed at Labbafinejad Medical Center (LMC), Tehran, Iran. Three
hundred eyes from 150 healthy individuals referred for keratorefractive surgery were assessed first by
Orbscan II and then by ultrasound pachymetry, and CCT values were recorded and compared.

Results: Overall, Orbscan I overestimated CCT as compared to ultrasound pachymetry by about 2.4% (mean
values 547.6 + 34.7 versus 534.8 + 34.7, respectively, P < 0.001). The difference was more significant when
CCT was less than 500 microns (mean values 493.2 + 16.9 versus 479.9 + 15.6, mean overestimation: 2.6%,
P < 0.001). There was good linear correlation between the two methods (Pearson’s correlation r = 0.968,
P <0.0001).

Conclusion: Orbscan IT has good correlation with ultrasound pachymetry for measurement of CCT in normal
eyes; however Orbscan Il should not be used to evaluate corneal thickness before keratorefractive surgeries,
as it tends to overestimate corneal thickness and may result in undesirable, low residual stromal thickness.

Keywords: Central Corneal Thickness; Orbscan II; Ultrasound Pachymetry

J Ophthalmic Vis Res 2015; 10 (1): 4-9.

INTRODUCTION

Central corneal thickness (CCT) is an important
parameter in ophthalmology and optometry.l"! It has
a critical role in determining flap and residual stromal
thickness and also optical zone in keratorefractive
procedures.”?! This matter is of particular importance
since the extensive popularity of keratorefractive
procedures has resulted in cases of post keratorefractive
surgery ectasia.#

CCT is also a valuable parameter in patients with
glaucoma. Measurement of intraocular pressure (IOP),
especially with applanation tonometry, may be affected
by CCT.” Moreover, CCT is an independent risk factor
for developing glaucomatous optic nerve damage./®!
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Corneal thickness can be measured by several
methods, although ultrasound pachymetry is still the
gold standard. Disadvantages of ultrasonic pachymetry
include direct placement of the probe on the cornea,
the risk infection and corneal epithelial damage, the
necessity for topical anesthesia (which may influence
CCT measurements),”! and dependence on examiner
experience for reliable measurements.

Newer technologies are being used by many
clinicians, such as scanning slit topography, confocal
microscopy, specular microscopy and spectral oscillation
interferometry, all of which employ optical methods.
The reliability and repeatability of these methods have
been studied by many researchers yielding different
results.!®!
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Orbscan is a corneal topographer which employs
scanning slit topography and videokeratography to
obtain corneal curvature and thickness maps. Many
ophthalmologists routinely use Orbscan to evaluate
corneas before refractive surgeries. Since the mucus layer
of the tear film increases corneal thickness measured
by Orbscan, the acoustic factor (AF) determined by the
manufacturer, is used to modify the measured values.
However, there is no consensus about the reliability
of CCT measurements by Orbscan II as compared to
ultrasound as the gold standard.[%2!

Regarding the controversial results of previous
studies and the need to adjust measurements taken by
Orbscan II, this study was performed to compare corneal
pachymetry obtained by the ultrasound method and
by Orbscan II and to search for the optimal AF in the
studied population.

This cross-sectional comparative study includes 300
eyes of 150 consecutive patients referred for refractive
surgery to the eye clinic at Labbafinejad Medical
Center (LMC). Sample size was calculated according
to the formula: N = 2(SD)* (Z,,,, + Z,y)*/d? where
SD =34, 0.=0.05,1- =0.95 and d = 10 microns. Inclusion
criteria were age between 18-35 years, keratometry
between 44-48 diopters, normal corneal topographic
pattern, myopia with or without regular astigmatism,
and stable refraction for at least 6 months. Exclusion
criteria consisted of previous refractive surgery, corneal
lesions (e.g. scar), keratoconus, history of cataract or
glaucoma surgery, recent use of contact lenses and use
of topical medications.

A questionnaire regarding age, sex, past medical and
surgical history was completed for each subject and a

ur
Orbscan II

534.89+34.72
547.64+34.77*

479.98+15.62
493.24+16.91*

comprehensive ophthalmic examination was performed.
The study was performed according to conditions set
by the Ethics Committee of the Ophthalmic Research
Center, Shahid Beheshti University of Medical Sciences.

Orbscan II (Bausch and Lomb, Rochester, NY,
USA) imaging was performed for all eyes, and CCT
was adjusted by an AF of 0.92 as suggested by the
manufacturer.’® Other AF values were also used to
alter the results. This measurement was followed by
ultrasound pachymetry (Tomey SP-3000, Tomey Ltd,
Japan). Ultrasonic pachymetry was performed by one
experienced operator on all patients under topical
anesthesia with tetracaine 1%. Measurements were
obtained 5 times from the center of the cornea with an
SD < 2.0 and the average reading was recorded for each
patient.

All data was recorded in SPSS v. 20 software and
analyzed by paired t and Chi square tests. The correlation
between the measurements was assessed by Pearson’s
correlation analysis. P values less than 0.05 were
considered as significant. 95% limits of agreement (LoA)
between readings by the two instruments were calculated
using Bland-Altman analysis.

CCT values of 300 eyes from 150 otherwise healthy
people including 94 (63%) women and 56 (37%) men
were measured by ultrasound pachymetry and Orbscan
II. Mean patient age was 25.4 + 7.2 (range 18-32) years.

Mean CCT values measured by ultrasound
pachymetry and Orbscan II were 534.89 + 34.72 and
547.64 + 34.77, respectively, the difference between
which was statistically significant [Table 1]. Differences
between the measurements and LoAs are detailed in
Table 2. Pearson’s correlation analysis revealed a good

537.99+19.20
551.43+20.69*

586.75+18.41
595.38+21.21*

*Differences were significant at P<0.001. Thin cornea CCT <500 microns, average cornea CCT=501-570 microns, thick cornea CCT >570
microns. UP, ultrasound pachymetry; SD, standard deviation; AF, acoustic factor; CCT, central corneal thickness

Pearson correlation 0.963
ICC 0.998
Interdevice difference, mean+SD (pm) —0.8+2.2
Range -8.2-12.5
95% CI -1.0--0.6
P <0.001
95% LoA range -5.1-3.5

0.820 0.893 0.921
0.980 0.995 0.984
-1.1£2.9 -1.2+1.4 1.3£3.0
-8.2-3.8 -3.8-2.5 -3.8-12.5
-1.9--0.3 -1.4--1.0 0.3.0-2.3
<0.001 <0.001 <0.001
—6.8-4.6 -4-1.5 —4.6-7.2

Thin cornea CCT <500 microns, average cornea CCT=501-570 microns, thick cornea CCT >570 microns. ICC, intraclass correlation coefficient;
SD, standard deviation; CI, confidence interval; LoA, limit of agreement; CCT, central corneal thickness; UP, ultrasound pachymetry
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linear correlation (r = 0.963, P < 0.0001) between the two
instruments as depicted in Figure 1a.

Eyes were divided into 3 groups according to
ultrasonic central corneal thickness values: Thin
corneas (CCT =< 500 microns), average corneas (CCT
501-570 microns) and thick corneas (CCT > 570 microns).
Although CCT was significantly overestimated by
Orbscan I in all thickness groups, the least difference was
seen with thick corneas and the greatest was observed in
the thin cornea group [Table 1]. Logistic regression plots
of the subgroups are shown in Figure 1b-d.

The two devices showed a remarkable intraclass
correlation coefficient (ICC), as shown in Table 2.
Differences between mean measurements and LoA
are detailed in Table 2 and LoA plots are shown in
Figure 2a-d. When the measurements of Orbscan Il were
adjusted with an AF of 0.90, the results were closest
to ultrasonic pachymetry (UP) measurements in all
thickness groups [Table 3].

Mean CCT by UP and Orbscan II were, 535.6 and
547.4 in male, versus 534.5 and 547.8 in female subjects,
respectively with no significant difference between the
genders. Measurements by UP (535.4 versus 534.4) and
Orbscan I1 (547.9 versus 547.5) were comparable between

the right and left eyes, respectively. Furthermore,
there was no correlation between age and interdevice
differences as shown in Figure 3. Linear regression
analysis showed no significant effect from sex, laterality,
or age on differences between measurements of the two
instruments.

Corneal thickness is a critical factor in patient selection
for keratorefractive surgery. Ultrasound pachymetry
remains the gold standard for measuring corneal
thickness; however, several non-contact methods are
being used for this purpose by many clinicians. Orbscan
II provides topographic information of the cornea as well
as a corneal pachymetric map by using the scanning
slit method. Orbscan is widely used in the preoperative
evaluation of keratorefractive surgery candidates.

In this study, CCT of 300 eyes from 150 patients
referred for keratorefractive surgery were measured by
ultrasound pachymetry and Orbscan I, and the results
were compared. The results showed that, although
a good linear correlation existed between the two
methods, Orbscan Il overestimated CCT as compared to
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Scatter diagram showing the regression line for central corneal thickness (um) measured by Orbscan II and ultrasound
pachymetry in all cases (a), thin corneas (b), average corneas (c), and thick corneas (d).
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Table 3. CCT measured by Orbscan II (AF=0.90) and UP (mean+SD)

Total (7=300) Thin cornea (1=50)

Average cornea (1=210) Thick cornea (1=40)

479.98+15.62
480.93+14.95*

ur
Orbscan II

534.89+34.72
535.73+33.93*

586.75+18.41
585.45+17.91*

537.99+19.20
539.16+18.63*

*Differences were not significant. UP: Ultrasound pachymetry, thin cornea CCT <500 microns, average cornea CCT=501-570 microns, thick
cornea CCT >570 microns. CCT, central corneal thickness; AF, acoustic factor; SD, standard deviation
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Figure 2. Interdevice agreements shown by Bland-Altman plots for ultrasound pachymetry (UP) against Orbscan II (ORB II) in

all cases (a) and different corneal thickness groups (b-d).
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Figure 3. Scatter diagram showing CCT differences measured
by UP versus Orbscan II plotted against patient age.

ultrasound pachymetry, even after adjustment with the
acoustic factor (AF) [Table 1]. The difference was higher
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in thinner corneas. When the acoustic factor was set to
0.90, measurements by Orbscan II were much closer to
UP [Table 3].

Discrepancies between ultrasound and Orbscan I in
corneal thickness measurements have been reported in
several studies. Without correcting using an AF, there
has been significant overestimation of CCT by Orbscan
11197 Proposed to preclude tear film interference with
measurement of CCT, the acoustic factor is recommended
by the manufacturer and is usually set at 0.92.

After making adjustments with the usual recommended
acoustic factor (0.92), Radford et al reported overestimation
by Orbscan IL! as also observed in the current study.
Similarly, Ou et al found that after correcting with an
AF of 0.935, Orbscan yielded significantly higher corneal
thickness values as compared to ultrasound pachymetry.!"’}
In most studies however, Orbscan Il measured CCT lower
than or equal to UP after the AF was applied.?2!

Nissen et al proposed that ultrasound pachymetry
may underestimate the thickness of the corneal
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epithelium by displacement of the tear film.”! Suzuki
et al proposed that the different mechanisms of the two
instruments for diagnosing the posterior corneal surface
may be the origin of differences in CCT measurements
between Orbscan II and ultrasound.

Lu et al believed that the acoustic factor is a
variable, not a constant. In their study, there was
a strong, significant correlation between corneal
thickness (i.e. corneal swelling induced by overnight
RGP use) and the percentage of change by the adjusted
AF. They suggested that the usage of a single AF for all
corneal thicknesses may be untenable.*!

In the current study, Orbscan Il overestimated CCT in
all thickness ranges, especially in thin corneas (i.e. CCT
less than or equal to 500 microns) for which the
overestimation was greater [Table 1]. This finding is
in agreement with the results of Radford et al using
AF of 0.92 and Ou et al employing an AF of 0.935.8%]
In contrast, many studies that used the adjusted AF of
0.92 reported significant underestimation by Orbscan
II, especially in the lower range of CCT.122%21 Also, in
some studies, there was no significant difference between
Orbscan II and ultrasound after adjustment by an AF of
0.92.1721 The current study found that after adjusting
Orbscan II results with an AF of 0.90, measurements
were closest to the gold standard (UP) method [Table 3].

Recently, Elbaz et al used several methods on a
large study sample to approximate the results of the
Orbscan II to ultrasonic measurements. Although linear
correction methods (multiplication and subtraction)
were associated with good interdevice correlation,
only nonlinear correction methods (i.e. polynomial,
logarithmic, and power fit methods) narrowed the 95%
LoA intervals.” In the current study, however, the
application of an AF of 0.92 was associated with narrow
LoA intervals, and measurements by both instruments
were comparable in all groups. The relatively narrow
LoA intervals observed in the present study might be
due to technical differences in ultrasonic measurements
and determination of the corneal center by the technician.
Ocular surface conditions (i.e. tear film) can also affect
measurements by Orbscan II. The application of an AF of
0.90 was associated with more accurate results, but this
value might be specific to the center at which the current
study was performed and/or to the studied population
but might not be applicable to other subjects.

In conclusion, although Orbscan II has excellent
correlation with ultrasound pachymetry for measurement
of CCT in normal eyes, it may be misleading, especially
in extremes of corneal thickness. It may be used safely
for preoperative evaluations before surface ablation
methods; however, it should not replace ultrasound
measurement before laser in situ keratomileusis (LASIK)
as it has shown out-of-range results in most studies.
Studies that use multiple adjustment methods with
larger sample size that also include abnormal corneas

8

may find the best adjustment method for Orbscan II
results.
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