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Abstract
Background To compare the results of ultrasonic and
Orbscan pachymetry in corneal haze not related to surgery.
Methods An institutionally based, prospective, controlled
clinical trial included 40 eyes of 40 consecutive patients
with corneal haze not related to surgery. Fifty normal eyes
were used as a control group to calculate the customized
acoustic factor. Corneal haze was graded with slit-lamp by
a single examiner. Ultrasonic and Orbscan II pachymetry
measurements were obtained. Paired t- and Kruskal-Wallis
tests were used to evaluate the difference between ultra-
sonic and Orbscan pachymetry measurements. Correlation
of the two methods and haze grade were determined with
Kendall’s tau-b correlation analysis.
Results Eighty-five percent of patients had moderate haze.
With the customized acoustic factor, Orbscan values were
significantly smaller than ultrasonic pachymetry measurements
(p=0.001, paired samplet-test). Increased haze grade resulted

in smaller Orbscan pachymetry measurements however, this
difference was insignificant (p=0.444, Kruskal-Wallis test). A
positive correlation was found between two methods, though
insignificant (p=0.064, Kendall’s tau-b correlation). When
grouped in respect of diagnoses, differences in pachymetry
measurements as well as the correlation were not significant
(p>0.05).
Conclusion An insignificant positive correlation was found
between the two methods in the presence of corneal haze.
Orbscan measurements were inversely related to haze
grading, and were significantly lower than ultrasonic
pachymetry. According to our results, we recommend that
clinicians should not count on Orbscan topography alone in
the presence of corneal haze.
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Introduction

An accurate measurement of corneal thickness is essential in
keratorefractive procedures, intraocular pressure measure-
ments, diagnosis of corneal diseases, and correlation with
physiologic status of corneal endothelium. Corneal topogra-
phy and pachymetry are the two most commonly used tools
for this purpose.

Ultrasonic pachymetry and Orbscan II topography system
were used and compared extensively in normal corneas, and a
correlation was shown between the two methods [7, 14].
Orbscan was reported as the most repeatable technique;
however, the results were approximately 23–30 μm higher
than ultrasound [3, 9, 10, 12, 15]. So a default setting (0.92)
was developed as the acoustic factor (AF), and recommended
by the manufacturer to overcome this problem. With the use
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of AF, Orbscan values were reported to underestimate the
corneal thickness with a lower difference, of the order of 10–
15 μm [7, 11].

In corneal haze, the light bundles that travel through the
cornea may change direction and result in variations in
posterior surface appearance. Since it is an optically based
analysis, Orbscan measurements might be affected by the
loss of transparency in the cornea. Thus, in the present study
we aimed to evaluate the ultrasonic and Orbscan pachymetry
results of patients with corneal haze not related to surgery.

Materials and methods

Between July 2005 and June 2006, consecutive patients
with corneal haze of different grades were prospectively
included in this controlled clinical trial. The study was
conducted in accordance with the ethical guidelines set
forth in the 1975 Declaration of Helsinki. Institutional
Review Board Approval was obtained. All patients were
informed about the study, and gave written informed
consent before participating to the study.

Patients with significant corneal haze on slit-lamp were
included in the study group. Exclusion criteria from
participation in the study were previous ocular surgery,
history of contact lens use, glaucoma, and topical ocular
medication use, excluding artificial tears. Only one eye of
each patient was included. If one eye fulfilled the inclusion
criteria it was included in the study. If both eyes had corneal
opacity, measurements were obtained from both eyes and
one eye was selected randomly by the toss of a coin. Forty
eyes of 40 patients were included in the study group.

In a similar method, 50 eyes of 50 age-matched patients
with normal eye and clear cornea were included in the
control group. History of trauma, previous eye surgery,
keratoconus, and any other ocular disease, and best
spectacle-corrected visual acuity worse than 20/25 were
defined as exclusion criteria for this group. Accepted
refractive errors were hypermetropia ≤2 D, myopia ≤3 D,
astigmatism ≤1 D.

Corneal haze was graded with slit-lamp (Topcon SL-7F,
Topcon Co., Japan) by a single examiner (RAY) according

to the grading scale of Fantes [6]. Each patient underwent
pachymetry measurements that were taken between 11 a.m.
and 2 p.m., at least 3 hours after awakening. To avoid any
possible artifact caused by the contact of the ultrasonic
pachymetry probe, pachymetry measurements were per-
formed first with Orbscan Topography System (Orbscan II,
Bausch & Lomb, France) followed by ultrasonic pachy-
metry (UP-1000 Ultrasonic pachymeter, Nidek Co, Japan).
Each pachymetry was performed by one technician, who
was masked to the results of the other. Orbscan measure-
ments were performed once, and the value corresponding to
the area with haze was accepted as the pachymetry
measurement fo that eye. On the other hand, the technician
who obtained the ultrasonic pachymetry measurements was
instructed to take the measurements from the area with
haze. Five consecutive ultrasonic pachymetry measure-
ments were taken, and the mean of these was recorded as
the ultrasonic pachymetry value.

In the control group, the Orbscan and ultrasonic measure-
ments were performed. The custom AF was calculated in this
group, and the same custom AF was applied to the study
group.

The results of both measurements were recorded to SPSS
software (Statistical Package for the Social Sciences, version
10.0, SPSS Inc, Chicago, IL, USA). The difference between
ultrasonic and Orbscan pachymetry measurements was
calculated using paired t-test. The difference within groups
according to the haze grading and diagnoses was compared
with Kruskal-Wallis test. Kendall’s tau-b correlation analysis
was performed to evaluate the correlation of the two methods
and haze grade. Any difference with significance of less than
0.05 was accepted as statistically significant.

Results

The control group had a mean age of 55.6±11.7 years
(ranging between 18 and 71 years). The mean ultrasonic
pachymetry was 551.64±29.89 μm. With Orbscan topog-
raphy system without AF correction the mean pachymetry
value was 572.63±27.96 μm. The customized AF was
determined as 0.964.

Table 1 The classification system described by Fantes et al., and the number of eyes in each group

Grade Criteria for density of corneal opacity Number of eyes

0 Totally clear 0
0.5 Trace or faint corneal haze seen only by indirect broad tangential illumination 0
1 Haze of minimal density seen with difficulty with direct and diffuse illumination 0
2 Mild haze easily visible with direct focal slit illumination 9
3 Moderately dense opacity that partially obscures the iris details 26
4 Severely dense opacity that obscures completely the details of intraocular structures 5
Total 40
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In the study group there were 22 females and 18 males,
with a mean age of 56.4±17.9 years (ranging from 16 to
78 years). The patients were grouped according to the grade
of haze (Table 1). Eighty-five percent of the patients had
moderate haze.

The mean pachymetry values of distributed haze grades are
shown on Table 2. With the use of customized AF, the
Orbscan pachymetry values were significantly smaller than
the ultrasonic pachymetry measurements (p=0.001, paired
sample t-test). The histogram and scatter diagram representa-
tion of corneal pachymetry in relation to haze grading with
ultrasonic and Orbscan measurements are shown in Figs. 1, 2
and 3. With the increase in haze grading, the results of
Orbscan pachymetry measurements were smaller; however,
this was insignificant (p=0.444, Kruskal-Wallis test). The
difference in ultrasonic pachymetry measurements was not
significantly different concerning the haze grade (p=0.483). A
positive correlation was found between the ultrasonic and
Orbscan pachymetry measurements (τb=0.205); however, this

was not statistically significant (p=0.064). The pachymetry
values were not significantly correlated when evaluated for
haze grade (p>0.05).

The mean pachymetry measurements according to the
etiological diagnosis of corneal opacities are shown in
Table 3. The pachymetry measurements were not signifi-
cantly different between ultrasonography and Orbscan
measurements (p>0.05). The Orbscan pachymetry measure-
ments were not significantly different when compared in
relation to the diagnoses (p=0.067). However, the ultrasonic
pachymetry showed a significant difference (p=0.022),
which was the result of the higher numbers in Fuchs’
endothelial dystrophy (mean 690 μm). When we excluded
these eyes, the difference was insignificant in both ultrasonic
and Orbscan pachymetry measurements (p=0.057 and 0.051
respectively). The correlation of both methods was insignif-
icant in respect of the diagnosis (p>0.05). Kendall’s tau-b
correlation could not be computed for Fuchs’ endothelial
dystrophy because only two eyes had this diagnosis.

Table 2 The mean ± SD values of visual acuity in logMar values, ultrasonic pachymetry, Orbscan without using the acoustic factor, and Orbscan
pachymetry with the customized pachymetry measurements

Haze Grade Ultrasonic (μm) Orbscan (without AF, μm) Custom Orbscan (μm) τb p

Mean ± SD CI 95% Mean ± SD CI 95% Mean ± SD CI 95%

2 512.2±69.8 458.6–565.8 517.8±104.1 437.7–597.8 499.0±100.4 421.9–576.1 1.296 0.195
3 541.2±85.5 506.6±575.7 470.6±103.4 428.8–512.3 453.7±99.6 413.4–493.9 1.649 0.099
4 510.6±37.6 464.0–557.2 461.6±98.5 339.3–583.9 445.2±94.6 327.8–562.7 0.000 1.000
Total 530.8±77.6 506.0–555.7 480.1±102.5 447.3–512.9 462.8±98.7 431.2–494.4

[SD: Standard deviation; CI: Confidence interval; τb: Kendall’s tau b; p: Probability index].

Fig. 2 The histogram showing corneal thickness values (μm)
measured with the Orbscan topographic system using the customized
acoustic factor. The results were grouped according to haze grade

Fig. 1 The histogram showing the ultrasonic corneal thickness
measurements (μm) grouped according to haze grade
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Discussion

The Orbscan topography system requires clear reflections
on the epithelial and endothelial corneal surfaces and
homogenous composition of the diverse optical media to
obtain correct measurements [1]. A decreased accuracy in
corneal thickness measurements has been reported in the
presence of haze [1]. Some authors have suggested that use
of Orbscan should be limited to corneas devoid of light
scattering sources such as opacities, scarring, deposits, or
edema [13]. However, corneal topography as well as
pachymetry maps are required in some cases with haze
during follow-up or planning treatment. Thus, we designed
this study to evaluate the corneal thickness in the presence
of mild to severe haze not related to surgery, to determine if
both methods are accurate or, if not, which method is
accurate in these eyes.

Cheng et al. recommended using a customized AF in
Orbscan pachymetry [4]. For the calculation of the custom
AF we designed an age-matched control group with clear
corneas and refractive error in low ranges. The customized
AF was determined as 0.964. With this customized AF, in
corneas with haze the Orbscan pachymetry showed signif-
icantly lower readings than those for ultrasonic pachymetry.
There was an insignificant positive correlation between the
two measurements. The increase of haze grading showed
no change in ultrasonic pachymetry measurements. On the

other hand, smaller Orbscan pachymetry measurements
were obtained with the increase in the haze grade.
However, this difference was insignificant.

Optical quality of the cornea has been reported to be
altered following excimer laser, and Orbscan has been
found to underestimate the corneal thickness [11]. This
underestimation was particularly significant in the early
postoperative period, and gradually decreased with time [4].
The difference has been suggested to be due to the
subepithelial haze, stromal interface, modifications in
anterior corneal contour and increased reflectivity in the
interface that was shown in confocal studies [4, 11]. Prisant
et al. suggested that stromal haze was probably the most
important factor in underestimation, which resulted proba-
bly from deviation of light rays while passing through the
cornea, and thus resulting in a displacement of the posterior
profile of the slit [11]. Accordingly, Iskander et al. reported
that Orbscan measurements did return to normal with the
disappearance of the haze in the cornea [8]. In the present
study, although the correlation was not statistically signif-
icant the increase in haze grade resulted in lower measure-
ments with Orbscan. We agree with earlier authors [4, 8,
11] that corneal haze results in underestimation of corneal
thickness possibly related to the reduced transparency and
disturbed light scatter. Supporting this theory, Cairns et al.
investigated the accuracy of Orbscan II with different
materials, and found that the results were more accurate in
a material that scattered light in all directions [2]. On the
other hand, in a semitransparent material the light was not
evenly scattered but transmitted to a certain extent. Thus,
the authors claim that the edges of the slit are less defined
due to the reduced scatter. Boscia et al. proposed that in
eyes with haze, the newly formed type-III collagen- and
proteoglycan debris- filled vacuoles resulted in a high level
of light scatter, with an ensuing increase in the refraction
index of the cornea. In corneas with haze, the maximum
level of light intensity lies at the interface between
nontransparent and transparent corneal tissue, and the
instrument might assume this interface to be the backspace
of the cornea [1].

Fig. 3 The scatter-diagram demonstrating the ultrasonic and Orbscan
measurement results accordingt to the grade of the haze

Table 3 The mean pachymetry values (μm) and grade of corneal haze according to the etiologic diagnosis are shown

Haze grade (n) Ultrasonic (μm) Custom Orbscan (μm) τb p

n 2 3 4 Mean ± SD CI 95% Mean ± SD CI 95%

Trachoma/ IK 18 2 13 3 497.9±46.9 474.6–521.3 429.1±99.2 379.8–478.4 0.907 0.364
Stromal dystrophy 10 4 4 2 553.1±22.7 536.9–569.3 527.4±102.4 454.1–600.7 0.559 0.576
Herpetic keratitis 6 2 4 530.0±150.9 371.7–688.3 436.3±75.0 357.6–515.1 0.274 0.784
Blunt trauma 4 1 3 544.8±33.3 491.8–597.7 514.5±51.9 431.9–597.1 0.000 1
Fuchs’ endothelial dystrophy 2 2 690.0±1.4 677.3–702.7 419.0±33.9 114.1–724.0

[IK: Interstitial keratitis; n: Number of eyes; SD: Standard deviation; CI: Confidence interval; τb: Kendall’s tau b; p: Probability index].
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In patients with corneal haze following refractive
surgery, Fakhry et al. found a significant correlation
between the grade of haze and the decrease in Orbscan
pachymetry readings [5]. Similar to that in patients with
corneal haze who did not have previous eye surgery, the
Orbscan results were lower than ultrasonic measurements.
We believe that this study is unique, in that it includes
patients who have significant corneal haze not related to
surgery. One limitation is the diverse group of diagnosis.
However, we believe that careful grading by a single
observer was adequate to group the patients properly. Also,
taking the measurements by two technicians who were
masked to the other measurement strengthens the results.
To our knowledge, there is no published paper comparing
the corneal thickness measurements according to the
clinical diagnoses. So we were unable to compare our
results with literature. However, the Orbscan measurements
showed lower readings than ultrasonic ones if they were
grouped according to the diagnosis. These patients with
corneal haze usually visit the clinician’s office frequently,
sometimes at long intervals. As clinicians, we need to
follow these eyes with monitoring the intraocular pressure
and corneal thickness measurements, in addition to cor-
rected visual acuity. Even though some of these eyes do not
need surgery of the cornea, some may need cataract
removal or filtrating procedures. Thus, we believe that
careful monitoring of corneal thickness measurements is
important in these eyes.

In conclusion, in patients with corneal haze, a positive
though insignificant correlation was found between Orb-
scan and ultrasonic pachymetry methods. Orbscan measure-
ments showed significant lower readings than those for
ultrasonic pachymetry, and were inversely related to haze
grade. According to our results, it seems that ultrasonic
pachymetry measurements are superior to the Orbscan in
corneas with a moderate degree of haze. We strongly
recommend surgeons to use ultrasonic pachymetry and not
to rely on the results of Orbscan topography in corneas with
any degree of haze. Further investigation is required,
particularly with larger numbers of patients with different
diagnoses that result in corneal opacities. Furthermore,
newly developed devices should be tested for their accuracy
in these cases, since conclusions and planning might be
assumed from these results.
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