
SUMMARY

The Orbscan topography system is a new
anatomical noncontact system that allows study
of central corneal thickness and ocular anterior
chamber depth. It is currently important to know
if there are significant differences among differ-
ent observers when morphometric studies are
carried out with the Orbscan System. Following
on from this, the present work focuses on the
repeatability of the new Orbscan Topography
System II measurements.

At the Rahhal Ophthalmology Clinic and the
Faculty of Medicine of Valencia (Spain), we car-
ried out a prospective study involving 46 eyes of
46 healthy patients: 27 were women (58.59%)
and 19 were men (41.30%). The mean age of the
sample was 29.93 ± 6.6 years (range: 18-47
years). One physician carried out central corneal
thickness and ocular anterior chamber depth
measurements with the Orbscan Topography
System II (Bausch & Lomb Surg, Barcelona,
Spain), while a second physician measured the
corneal thickness and ocular anterior chamber
depth again. The means of two consecutive mea-
surements were used. Only one eye per patient
was considered for the statistical analysis. The
repeatability of the Orbscan measurements was
analysed by comparing the results obtained by
physicians 1 and 2.

The mean central corneal thickness of the
sample (mean ±SD) was 549.39 ±46.65 µm
(physician 1) and 549.32 ±47 µm (physician 2).
Thus, no significant differences were found
between physicians (p=0.994). The mean ocular
anterior chamber depth (mean ±SD) was 3.14
±0.27 mm (physician 1) and 3.14 ±0.26 mm
(physician 2). No significant differences were
found between the physicians (p=0.978).
Women had significantly greater corneal thick-
ness values than men (p=0.003 for physician 1,
and p=0.004 for physician 2). No significant dif-
ferences between the sexes were found for ocu-
lar anterior chamber depth.

In sum, the Orbscan Topography System II
offers a high degree of repeatability for central
corneal thickness and ocular anterior chamber
depth measurements. This situation should facil-
itate the study of corneal and ocular anatomy in
vivo.

Key Words: Central corneal thickness – Anteri-
or chamber depth – Morphometry – Noncontact
– Repeatability

INTRODUCTION

Study of the in vivo ocular globe gained increas-
ing importance in recent years due to the devel-
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opment of new techniques in refractive surgery.
Two of the most commonly used techniques are
excimer laser in situ keratomileusis and bioptics.

Refractive surgery by means of the excimer
laser in situ keratomileusis technique (LASIK)
involves the photoablation of the corneal stroma
under a flap of 160-180 µm (Tabbara et al., 2001;
Balazsi et al., 2001). Bioptics is a surgical tech-
nique that combines excimer laser photoablation
with intraocular lens implantantion (Zaldívar et
al., 1999; Güell et al., 1999).

Before carrying out LASIK, it is necessary to
carry out a preoperative central corneal thick-
ness measurement in order to avoid the risk of
postsurgical keratectasia (Wang et al., 1999;
Schmitt-Bernard et al., 2000). In the case of the
bioptics technique, apart from measuring the
corneal thickness it is also necessary to have
information about the ocular anterior chamber
depth in order to successfully implant the
intraocular lens. Furthermore, because of the dif-
f e rent anatomical structures of myopic and
hyperopic eyes ocular anterior chamber depth
measurement is an important factor in refractive
surgery (Vetrugno et al., 2000).

For several years, ultrasound pachymeters
and ultrasound biometers have been used to
study central corneal thickness (Longanesi et al.,
1996; Bovelle et al., 1999; Price et al., 1999; San-
chis Gimeno et al., 2001a) and ocular anterior
chamber depth (Midelfart and Aamo, 1994;
Owens et al., 1998; Osuobeni, 1999, Hosny et al.,
2000; Wong et al., 2001; Muñoz et al., 2001).

The Orbscan Topography System is a recent-
ly developed technique. This system was devel-
oped as a corneal topography analyser although
recently the possibility of measuring ocular ante-
rior chamber depth has been introduced (Vetrug-
no et al., 2000).

Currently, this new anatomical noncontact
system permits study of central corneal thickness
and ocular anterior chamber depth.

Morphometric studies by means of ultrasound
must be carried out by the same physician due
to the absence of repeatability among different
observers. It is known that significant differences
arise in the results of different observers when
morphometric studies are carried out on the
same sample (Bovelle et al., 1999) and this is
one of the main disadvantages of ultrasound.

Thus, certain important issues remain to be
resolved concerning the Orbscan Topography
System. A striking example of this is whether
there are significant differences among different
observers when central corneal thickness and
ocular anterior chamber depth measurements
are performed using the Orbscan System.

On the light of above, we were prompted to
study the repeatability of the Orbscan To p o g r a p h y
System II by comparing the central corneal thick-

ness and ocular anterior chamber depth re s u l t s
obtained by two diff e rent physicians examining
the same sample.

MATERIALS AND METHODS

Prior procedures
At the Rahhal Ophthalmology Clinic and the Fac-
ulty of Medicine of Valencia (Spain) we carried
out a prospective study involving 46 eyes of 46
healthy patients. The work was performed in
accordance with the World Medical Association’s
Declaration of Helsinki and written informed
consent was obtained from all patients.

The study included 27 women (58.59%) and
19 men (41.30%). The mean age of the subjects
was 29.93 ± 6.6 years (range: 18-47 years). The
women had a mean age of 30.14 ± 6.45 years
and the men had a mean age of 29.63 ± 6.21
(range: 19-44 years).

All patients underwent an ophthalmic exami-
nation that included best-corrected visual acuity,
manifest refraction (KR 7000-P Topcon Corp,
Tokyo, Japan), slit-lamp examination (Haag Stre-
it Biomicroscope 900, Bern, Switzerland),
corneal topography (EyeSys Corneal Analysis
System, Houston, TX), noncontact specular
microscopy (Topcon SP-2000P noncontact spec-
ular microscope, Topcon Corp., Tokyo, Japan),
gonioscopy, dilated fundus examination and
repeated Humphrey 24-2 static thre s h o l d
perimetry (Humphrey Systems, Dublin, CA).

Eyes that had previously undergone intraocu-
lar surgery or that had corneal disease, topo-
graphic alterations, or clinical corneal changes
were excluded from the study. The eyes studied
had no visual field loss and no optic disc cup-
ping. Patients with systemic disease or corneal
endothelial cell counts below 2.000 cells/mm2,
together with contact-lens wearers, were also
excluded.

The mean manifest spherical equivalent
refraction (mse) of the sample was -2.87 ± 0.85
diopters (range: -13.00 to +6.00 diopters). The
women had a mse of -3.25 ± 4.21 diopters
(range: -13.00 to +6.00 diopters) and the men
had a mse of -2.17 ± 3.77 diopters (range: -11.50
to +4.00 diopters).

23 eyes (50.0%) had a best-corrected visual
acuity (BCVA) of ≥20/22. 18 eyes (39.13%) had a
BCVA of ≥20/20. 22 eyes (81.48%) from the
women had a BCVA of ≥20/22 and 12 (44.44%)
had a BCVA of ≥20/20. 13 eyes (68.42%) from
the men had a BCVA of ≥20/22 and 8 (42.10%)
had a BCVA of ≥20/20.

The mean tonometry for the whole of the
sample was 15.89 ±1.67 mmHg (range: 12-20
mmHg). The women had a mean tonometry of
16.14 ±1.52 mmHg (range: 14-20 mmHg) and the
men had 15.52 ±1.81 mmHg (range: 12-18
mmHg).
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Central corneal thickness and ocular anterior
chamber depth measurements

Central corneal thickness and ocular anterior
chamber depth were measured by two different
physicians. First, one physician carried out
corneal thickness and ocular anterior chamber
depth measurements. A second physician mea-
sured again corneal thickness and ocular anteri-
or chamber depth. Both physicians obtained the
means of two consecutive measurements of cen-
tral corneal thickness and ocular anterior cham-
ber depth. The second physician was not aware
of the results obtained by physician 1.

Measurements were carried out with the Orb-
scan Topography System II (Bausch & Lomb
Surg, Barcelona, Spain). To obtain corneal thick-
ness and ocular anterior chamber depth mea-
surements, the procedures recommended by the
manufacturer were followed.

The principles and use of the Orbscan Topog-
raphy System are well documented (Liu et al.,
1999). Two scanning slit-lamps project beams at
45 degrees to the right or left of the instrument
axis. 40 images –20 with slit beams projected
from the left and 20 from the right– are obtained
in two intervals, each lasting for 0.7 seconds.
Surface data points are measured on the x, y,
and z axes, thus creating colour-coded topo-
graphic maps.

During examination, the patient’s chin was
placed on the chin rest and the forehead was
rested against the forehead strap. The subject
was asked to look at a blinking red light coaxial
to the imaging system. The tracking system mea-
sures involuntary eye movement during the
examination.

Central corneal thickness is obtained show-
ing the differences in elevation between the
anterior and posterior surfaces of the cornea.
Nevertheless, with the Orbscan system, the ocu-
lar anterior chamber depth is the distance from
the anterior cornea to the anterior lens and not
the distance from the posterior cornea to the
anterior lens.

The repeatability of the central corneal thick-
ness and ocular anterior chamber depth mea-
surements obtained here was analysed by com-
paring the results recorded by physician 1 and 2.

Statistical method
All results were analysed statistically using the

SPSS statistical software package (SPSS v10.0,
SPSS Inc, Redmon, WA). The normality of data in
each group was confirmed using normal proba-
bility plots. Differences between data sample
means were determined by Student´s t-test and p
values of less than 0.05 were considered statisti-
cally significant.

Although both eyes of the patients were
analysed, only one eye was considered for the
statistical analysis with a view to eliminating the

possible intra-subject effect that might appear if
both eyes of the same patient had been studied.

RESULTS

Results from physician 1
Table 1 shows the central corneal thickness

and ocular anterior chamber depth re s u l t s
obtained by physician 1.

The mean central corneal thickness of the
subjects (mean ±SD) was 549.39±46.65 µm, with
a minimum of 407 µm and a maximum of 644
µm. The women had higher mean central
corneal thickness values than the men. The dif-
f e rences between the mean central corn e a l
thickness values obtained for the women and
those obtained for the men were significant
(p=0.003; Student t-Test).

The mean ocular anterior chamber depth of
the subjects (mean±SD) was 3.14 ±0.27 mm, with
a minimum of 2.58 mm and a maximum of 3.68
mm. The men had higher mean ocular anterior
chamber depth values than those observed in
the women. These differences in mean ocular
anterior chamber depth values between the
sexes were not significant (p=0.254; Student t-
Test).

Results from physician 2
Table 2 shows the central corneal thickness

and ocular anterior chamber depth re s u l t s
obtained by physician 2.

The mean central corneal thickness of the
subjects (mean ±SD) was 549.32 ±47 mm, with a
minimum of 408 µm and a maximum of 646 µm .
The mean central corneal thickness of the
women (mean ±SD: 565.81 ±45.05 µm) was also
significantly greater (p=0.004; Student t- Test) than
that of the men (mean ±SD: 525.893 ±45.05 µm ) .
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Table 1.- Central corneal thickness and ocular anterior chamber
depth values obtained by physician 1.

Central corneal thickness values (µm)

All Women Men

Mean 549.39 566.11 525.63
SD 46.65 38.77 45.03
Minimum 407 465 407
Maximum 644 644 611

Ocular anterior chamber depth values (mm)

All Women Men

Mean 3.14 3.1 3.19
SD 0.27 0.26 0.24
Minimum 2.58 2.58 2.71
Maximum 3.68 3.61 3.68



The mean ocular anterior chamber depth of
the subjects (mean ±SD) was 3.14 ±0.26 mm,
with a minimum of 2.58 mm and a maximum of
3.65 mm.

As previously observed by physician 1, the
men had higher mean ocular anterior chamber
depth values than the women. The differences
observed by physician 2 in mean ocular anterior
chamber depth values between the women and
men were not significant either (p=0.187; Stu-
dent t-Test).

Analysis comparing the results of physician 1
and physician 2

After separate analysis of the results, the pos-
sible differences in the values of mean central
corneal thickness between physician 1 (549.39
±46.65 µm) and physician 2 (549.32 ±47 µm)
were studied. No significant differences were
observed (p=0.994; Student t-Test).

Likewise, the differences in mean ocular ante-
rior chamber depth values between physician 1
(3.14 ±0.27 µm) and physician 2 (3.14 ±0.26)
were not significant (p=0.978; Student t-Test).

DISCUSSION

The objective of this study was to determine the
repeatability of the measurement of central
corneal thickness and ocular anterior chamber
depth using the Orbscan Topography System II.

Following on from this, we compared the
central corneal thickness and ocular anterior
chamber depth results obtained by two different
physicians in the same sample.

Our results for the central corneal thickness
and ocular anterior chamber depth measure m e n t s
revealed that measurements carried out by two
d i ff e rent observers did not differ significantly.

The Orbscan is an optical noncontact system
and, in all likelihood, the absence of contact

with the corneal surface is the reason for not
detecting significant differences between the
results of physician 1 and physician 2. With the
IOLMaster, another new noncontact system, Lam
et al., (2001) obtained mean ocular anterior
chamber depth values of 3.60 ±0.25 mm (practi-
tioner 1) and 3.60 ±0.24 mm (practitioner 2). No
significant differences between practitioner 1
and practitioner 2 were found. 

It is known that classical ultrasound measure-
ments can be affected by several factors, such as
the experience of the operator, the user´s tech-
nique, differences in probe handling, and the
physical conditions in which the measurements
are taken (Vetrugno et al., 2000). 

The sum of these different factors must be the
basis of the observed absence of repeatability
when ultrasound morphometric studies are car-
ried out by two different observers (Bovelle et
al., 1999).

With the noncontact Orbscan, we avoided the
globe compression associated with the shorten-
ing of the ocular globe during contact morpho-
metric studies (Drexler et al., 1998; Haigis et al.,
2000).

However, Solomon (1999) presented a study
that was not in accordance with the principle of
globe shortening during contact ultrasound mea-
surements. The purpose of his study was to
determine whether the indentation of the ultra-
sonic probe tip on the cornea during the time
needed to obtain a thickness measurement might
affect the measurement. In that study, indenta-
tion of the cornea with the ultrasonic probe-tip
during a 10-second interval (contact time) did
not significantly affect the measurements. As can
be seen, this study presented results that cannot
explain the differences noted in the study by
Bovelle et al. (1999).

When carrying out ocular anatomical studies
in vivo, it is very important to preserve normal
physiological conditions because under physio-
logical conditions the corneal thickness remains
constant (Böhnke et al., 1998). Due to the
absence of the use of corneal anaesthesia, and
given that the Orbscan measurements are faster,
we believe that corneal and ocular hydration
during morphometric measurements are not
affected and hence the measurements can be
considered as valid.

Here, we report a mean central corneal thick-
ness of 549.39 ±46.65 µm for physician 1 and
549.32 ±47 µm for physician 2. These results are
very similar to those presented by us in a pre-
liminary study employing the same Orbscan
Topography System II (Sanchis Gimeno et al.,
2000b).

Previously, different studies have shown a
mean central corneal thickness ranging from 560
±0.02 µm to 602 ±59 µm (Liu et al., 1999; Liu and
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Table 2.- Central corneal thickness and ocular anterior chamber
depth values obtained by physician 2.

Central corneal thickness values (µm)

All Women Men

Mean 549.32 565.81 525.89
SD 47 45.05 45.05
Minimum 408 464 408
Maximum 646 646 611

Ocular anterior chamber depth values (mm)

All Women Men

Mean 3.14 3.09 3.2
SD 0.26 0.24 0.23
Minimum 2.58 2.58 2.72
Maximum 3.7 3.65 3.7



Pflugfelder, 1999; Liu and Pflugfelder, 2000; Mar-
sich and Bullimore, 2000; Modis et al., 2001).

Furthermore, in our sample we detected that
women had a significantly higher mean central
corneal thickness as compared to men. This in
accordance with results presented previously by
us concerning hyperopic patients (Sanchis
Gimeno et al., 2001a).

Here, the mean ocular anterior chamber
depth value in the whole sample, by means of
the Orbscan system, was 3.14 ±0.27 for physician
1 and 3.14 ±0.26 mm for physician 2. These
results are very similar to those reported by Auf-
farth et al. (1997) also using the Orbscan System
(3.23 ±0.55 mm). Nevertheless, more recently,
another study employing the Orbscan System
(Vetrugno et al., 2000) obtained a higher mean
ocular anterior chamber depth value (3.51 ±0.25
mm) than those obtained by Auffarth et al.
(1997) and by us.

As commented in the Material and Methods
section, with the Orbscan system, ocular anteri-
or chamber depth is the distance from the ante-
rior cornea to the anterior lens and not the dis-
tance from the posterior cornea to the anterior
lens. In other words, it is necessary to measure
the central corneal thickness in order to obtain
an ocular anterior chamber depth value. The
ocular chamber depth values will be lower if the
Orbscan measures the distance from the posteri-
or cornea to the anterior lens. We deducted the
central corneal thickness values in each patient
and consequently the mean ocular chamber
depth values were lower (Table 3).

To sum up, the Orbscan Topography System
is an efficient anatomical tool that enables cen-
tral corneal thickness and ocular anterior cham-
ber depth measurements to be carried out by dif-
f e rent observers without there being any
significant differences among them.
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