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Identifying
relationships
between
tomography-derived
corneal thickness,
curvature, and
diameter and in vivo
confocal microscopic
assessment of the
endothelium in
healthy corneas of
young adults

Abstract

Purpose Despite the importance of a healthy
endothelial layer in anterior segment surgery,
the possible influence of corneal parameters
on endothelial cell density (ECD) has largely
been ignored in the young adult eye. This
study investigated the possible associations
between corneal tomographic parameters and
ECD values in young adults.

Methods Subjects aged 21-30 years, with
normal corneas were recruited. Mean ECD,
mean cell area (MCA), coefficient of variation
for cell area (COVA), and proportion of
hexagonal cells were derived by in vivo
confocal microscopy. The Orbscan II system
was used to measure corneal parameters
including: thickness, horizontal corneal
diameter, corneal curvature, anterior and
posterior elevation, and eccentricity.

Results Sixty-two subjects (42 female, 20
male) were included (mean age 25 + 3 years).
Overall mean ECD was 3169 * 309 cells/mm?
with no differences between genders. Mean
percentage of hexagonality was 53 + 5%, male
subjects (55%) had a higher percentage of
hexagonal cells than female subjects (51%)
(P =0.02). Central corneal thickness (CCT) was
529 + 43 ym. Central ECD was significantly
correlated with CCT (Pearson’s = 0.26,

P =0.04). However, horizontal corneal
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diameter (r=0.19, P=0.14), anterior corneal
curvature (r=—0.07, P=0.6), and posterior
corneal curvature (r=—-0.07, P=0.6) were not
correlated with ECD or percentage of
hexagonality. There was no statistically
significant association between anterior
chamber depth (3.6 + 0.3 mm) and ECD
(r=0.15, P=0.3).

Conclusion Corneal thickness is related to
ECD in normal young adult eye, with lower
ECD values identified in thinner corneas;
however, corneal diameter and corneal
curvature do not have a significant correlation
with ECD.
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Introduction

The corneal endothelium consists of a single
layer of cuboidal and hexagonal cells, which
line the posterior corneal surface."” The cornea
is supplied with a relatively fixed population of
endothelial cells (3500-4000 cells/mm?) at birth!
and although mitosis can occur in young
endothelial cells, it is infrequent in the adult,
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thus injured cells are not replaced. It is well established
that there is a gradual decrease in endothelial cell density
(ECD) and a corresponding increase in polymegathism
and pleomorphism with advancing age.’”® Clinically,
the assessment of ECD and morphology can provide
valuable information in relation to the functional reserve
of the corneal endothelium.

Surprisingly, there have been few reports in the
literature of the possible impact or association of corneal
parameters on ECD in the normal eye. Our research
group'® has previously reported on the effects of corneal
parameters on the assessment of ECD in the elderly eye,
concluding that in an older population, thinner and/or
steeper corneas and longer axial lengths were strongly
correlated with lower central ECD values. No significant
correlation between horizontal corneal diameter and ECD
was identified in this population. In contrast, in a study
involving children (age range 5-15 years), a significant
independent correlation was identified between
increasing horizontal corneal diameter and lower central
ECD values." A significant correlation between thinner
corneas and lower ECD values has also been reported in
children.'” However, despite the growing interest in
intraocular refractive surgery procedures in young adults,
there have been no previous reports that have specifically
assessed the relationship between corneal tomographic
parameters on ECD in normal young adults.

The aim of this study was to investigate the possible
impact of corneal thickness, anterior and posterior
corneal curvature, and horizontal corneal diameter on
the measurement of ECD values in healthy young adults
in their third decade—age range 21-30 years.

Methods
Subjects

Following an explanation of the purpose of the study, and
written informed consent, 62 normal, healthy subjects
were recruited into the study group. Only the right eye of
each subject was included in assessment and analysis.
Subject inclusion/exclusion criteria were defined as: no
current or past ocular disease/trauma, freedom from
ocular symptoms, no history of contact lens wear, no
systemic diseases that may affect the cornea, and no
abnormality on slit lamp biomicroscopic or computerized
topography assessment. The study observed the tenets of
the declaration of Helsinki, and ethical approval for this
study was obtained from the Auckland Ethics Committee.

Assessment

The Orbscan II combined Placido and slit-scanning
corneal tomography system (Orbscan, Bausch and Lomb,
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Salt Lake City, UT, USA) was used to measure corneal
thickness, anterior elevation, posterior elevation, corneal
eccentricity, horizontal corneal diameter, and anterior
chamber depth. Before measurement, the subject’s
head/eye was carefully aligned with the instrument and
a head strap was placed around the back of the head. The
subject was advised to keep both eyes open and fixate on
the internal target. By viewing the real-time image of the
eye on the monitor, the examiner aligned the two fixation
markers reflected by the instrument on the corneal
surface before performing the scan. One Orbscan scan
was acquired and saved per cornea and the central
corneal pachymetry (thickness), horizontal corneal
diameter, anterior corneal curvature (equivalent to the
spherical radius of curvature using the least square
method of determining the best fit sphere), and the
eccentricity of the anterior and posterior surfaces was
recorded.

For central corneal pachymetry, the pachymetry map
option was selected and the data from the central
measuring ring with a 1-mm sample zone diameter was
noted. All pachymetry values were quoted using the
standard acoustic correction factor (0.92)."

In vivo confocal microscopy of the cornea was
performed using slit-scanning technology (Confoscan 2,
Fortune Technologies America, Greensboro, NC, USA).
The subject was asked to fixate on a target and the
examination was performed with a x 40 non-
applanating, immersion lens that covers an area of
approximately 0.1 mm®. A drop of Viscotears (Carbomer
940 2mg/g, CIBA Vision, Castle Hill, NSW, Australia) on
the objective lens served as an immersion and contact
substance. For all examinations, a standard setting of
four passes was used, with a scanning range of
between 700 and 800 pm (throughout the z-axis). One
examination was performed on the centre of each cornea
and up to 300 images were obtained for each
examination.

Based on the best visibility of endothelial cells, three
representative frames from each scan were chosen for
analysis. Three frames per subject were analysed to
reduce the effect of within person variation of the
measurements. All captured images were analysed using
the NAVIS (Nidek Advanced Vision Information System)
proprietary software (Figure 1). The chosen frame size or
region of interest (ROI) was 0.035 mm?. Using manually
adjusted automated cell counts, the values for ECD,
mean cell area, coefficient of variation for area and
length, and percentage of hexagonal cells within each of
the three frames were recorded and the mean values for
each cornea were calculated. NAVIS identifies polygonal
representations of the cells by using proprietary
image-processing routines and contains an internal
calibration for magnification. For manual correction, the
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Figure 1 (a) In vivo confocal microscopy of the endothelium in a normal cornea. (b) Navis endothelial analysis software output.

polygons were superimposed over the image of the
endothelial cells, and the user was allowed to add, delete,
and move the polygon’s apices based on visual
inspection.'*

Statistical analysis

Statistical analysis was performed in consultation with a
medical statistician from the Epidemiology Department
of the University of Auckland. The SPSS v 12 for
Windows (Statistical Product and Service Solutions, Inc.,
Chicago, IL, USA) software package programme was
used. Descriptive statistics (mean, standard deviation,
median, and range) were calculated for each set of data.
Differences between data sample means were
determined by Student’s {-test and one-way analysis of
variance. Pearson’s correlation coefficients were
calculated to analyse the relationship between the
parameters. A probability level of 0.05 or less was
considered statistically significant.

Results
Subjects

Sixty-two normal subjects, 42 female and 20 male,

all in their third decade with mean age 25+ 2.7 years
(range 21-30) who met the inclusion/exclusion
criteria were recruited into the study group. Sixty-two
right eyes of these 62 subjects were included in the
analyses. All results are expressed as mean + standard
deviation.

Eye

Endothelial cell density

A mean of 135 %17 cells were counted per image
(range 94-169 cells) and approximately 10% of cells
required manual adjustment of their borders.

The mean ECD for all subjects was 3169 + 309
cells/mm? (range 2450-3802 cells/mm?). There was no
significant gender-related difference in ECD (mean ECD
in female subjects 3159 + 313 cells/mm?, mean ECD in
male subjects 3187 £ 308 cells/mm?, P =0.75). The ECD
characteristics overall and for each gender are presented
in Table 1. The analysis of each cornea included between
94 and 169 clearly visible cells per frame (mean
134 £ 16 cells).

Analysis of the percentage of hexagonality provides a
measure of cellular pleomorphism. The mean percentage
of hexagonality overall was 53 +5% with the range
43-68%. Male subjects (55%) had a significantly higher
proportion of hexagonal cells compared to female
subjects (51%) (P =0.02).

A negative and statistically significant correlation was
identified between the proportion of hexagonal cells and
the coefficient of variation for cell area (COVA) (r=-0.7,
P <0.01) and COVL (r=-0.9, P<0.01), indicating a
strong association between loss of hexagonal cell shape
and variation in cell size.

Intra-class correlation (ICC) is the proportion of the
variance that comes from between subjects; therefore, the
closer ICC is to 1, the greater is the similarity of measures
within a subject. ICC for endothelial parameters were as
follows: ECD =0.88, mean cell area=0.89, COVA =0.70,
COVL =0.67, and the percentage of hexagonal



Corneal tomographic and endothelial parameters
HY Patel et al

273

Table 1 Corneal endothelial cell characteristics overall and for each gender

Whole group Male Female Male vs female P-value
Mean (SD) Range Mean (SD) Range Mean (SD) Range
ECD (cells/mm?) 3168 (309)  2450-3802 3187 (308)  2512-3761 3159 (313)  2450-3802 0.75
MCA (um?) 318 (33) 263-408 317 (32) 266-397 320 (34) 263-408 0.76
COVA 32 (41) 235432 30.5(4.7) 245432 323 (3.7) 23.5-40.0 0.11
COVL 13.7 (1.4)  9.9-16.6 13.1 (1.6)  9.9-16.6 14.0 (1.2) 10.8-16.1 0.02
Percentage of hexagonality = 52.7 (5.3)  42.9-68.1 549 (6.6) 42.9-68.1 514 (4.3) 43.9-63.1 0.02

COVA, coefficient of variation for cell area; COVL, coefficient of variation for cell length; ECD, endothelial cell density; MCA, mean cell area.
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Figure 2 Relationship between central corneal thickness (CCT)
and central endothelial cell density (ECD)—a statistically significant
correlation was identified (Pearson’s r=0.26, P=0.04) when the
mean central ECD values were compared with CCT values.

cells =0.78. Intra-subject variation was therefore small
compared to inter-subject variation.

Corneal thickness

The mean central corneal thickness (CCT) was

529 £ 43 ym (range 429-627 um). There was no significant
difference in CCT between male subjects (mean

530 + 50 um) and female subjects (mean 529 * 30 um)
(P=0.9). When the mean central ECD values were
compared with CCT values, a statistically significant
correlation was identified (Pearson’s ¥ =0.26, P =0.04)
(Figure 2). This indicates that lower ECD values were
measured in thinner corneas. Although there was a clear
trend for mean CCT to be negatively correlated with the
proportion of hexagonal cells (indicating thinner corneas
have a higher proportion of hexagonal cells), this trend
did not reach statistical significance (r = —0.24, P =0.06).

Horizontal corneal diameter

The mean horizontal corneal diameter (HCD) for the
entire study group was 11.7 £ 0.4 mm and the range was
10.8-13.0mm. There was no statistically significant
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Figure 3 Relationship between horizontal corneal diameter
(HCD) and central endothelial cell density (ECD) reveals no
statistically significant correlation (Pearson’s r=0.19, P=0.14).

difference in mean HCD between male subjects (mean
11.6 £ 0.3 mm) and female subjects (mean 11.8 + 0.4 mm)
(P=0.2). No statistically significant correlation between
mean HCD and central ECD was identified (Pearson’s
r=0.19, P =0.14) (Figure 3). Analysis of the percentage of
hexagonality and HCD revealed no significant
relationship (r=—0.09, P =0.45).

Corneal curvature

The mean anterior corneal curvature (best-fit sphere)
for the entire study group was 7.9 +0.2mm) and the
range was 7.5-8.7 mm. The mean anterior eccentricity
was 0.52, indicating that the mean anterior surface for
all corneas assessed had the shape of a prolate
ellipse (flattening peripherally). No statistically
significant difference in mean anterior curvature between
male subjects and female subjects was identified
(P=0.6). There was no statistically significant
correlation identified between mean anterior
corneal curvature and central ECD (Pearson’s
r=-0.07, P=0.6).

The mean posterior corneal curvature was 6.5 + 0.2 mm
and the range was 6.0-7.9 mm. The mean posterior
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eccentricity was 0.50, indicating the mean posterior
surface had a prolate shape. No statistically significant
difference in posterior corneal curvature between male
subjects and female subjects was identified (P =0.6).
There was no statistically significant correlation between
mean posterior corneal curvature and central ECD
(r=-0.07, P=0.6) (Figure 4).

Anterior chamber depth

The overall mean anterior chamber depth (ACD) was
3.6+ 0.3mm and the range was 3.0-4.9 mm. No
statistically significant difference in mean ACD between
male subjects (mean 3.7 + 0.4 mm) and female subjects
(mean 3.5+ 0.2 mm) was identified (P = 0.05). There was
no statistically significant correlation identified between
mean ACD and central ECD in this study (r=0.15,
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Figure 4 Relationship between posterior corneal curvature and
central endothelial density (CCD) reveals no statistically
significant correlation (Pearson’s r=—0.07, P =0.60).

P =0.3). A summary of the Pearson’s correlation
coefficients for all corneal parameters and endothelial
values is presented in Table 2.

Discussion

The mean value for ECDin this current study (3169 cells/
mm?) was in concordance with that previously reported
in the literature for young adults (range 2680-3700
cells/mm?)."*2° When compared with mean ECD values
reported for children (34004300 cells/mm?) and for
elderly eyes (2324-3175 cells/mm?), a clear trend
of decreasing mean ECD with advancing age is
observed.” 121721725 Consistent with the majority of
other published reports, there was no significant
difference in mean ECD based on gender in this
study.5,9,16,l7,26,27

With regards to the reliability and repeatability of the
NAVIS endothelial analysis system, automated
endothelial analysis often fails to correctly identify
endothelial cell borders.'*?® However, Kitzman et al'*
have demonstrated that after manual correction of cell
borders detected by the NAVIS automated software, the
endothelial density, coefficient of variation of cell area,
and percentage of hexagonal cells were not different
from those determined by the Corners method. They
therefore concluded that if the ConfoScan and its
proprietary programme are used to determine cell
density, investigators must manually correct cell
I'> reported that
at least 75 cells should be counted per image for an

boundaries on the images. Doughty et a

acceptable level of inter-subject variance. Isager et al*®
have reported that the magnification of the specular

Table 2 Summary of Pearson’s correlation coefficients for corneal and endothelial parameters

Central corneal

Horizontal corneal

Anterior best-fit Posterior best-fit Anterior chamber

thickness diameter sphere sphere depth
ECD r=0.26 r=0.19 r=-0.07 r=-0.07 r=0.15
P=0.04 P=0.14 P=0.60 P=0.60 P=0.26
MCA r=-023 r=-021 r=0.07 r=0.05 r=-0.16
P=0.08 P=0.10 P=0.60 P=0.73 P=022
COVL r=0.19 r=0.19 r=0.08 r=0.17 r=-0.06
P=0.15 P=0.14 P=0.53 P=0.20 P=0.64
COVA r=0.18 r=0.27 r=-0.08 r=0.07 r=0.09
P=0.17 P=0.03 P=0.50 P=0.59 P=0.44
Percentage of r=-023 r=-0.10 r=-0.02 r=-0.14 r=0.06
hexagonality P=0.06 P=0.45 P=0.88 P=0.28 P=0.65

COVL, coefficient of variation for cell length; COVA, coefficient of variation for cell area; ECD, endothelial cell density; MCA, mean cell area.
Statistically significant relationships are highlighted in bold.
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microscope decreases slightly with decreasing CCT.

In the current study, the potential effect of magnifi-
cation on ECD was accounted for by the NAVIS software,
which contains an internal calibration for
magnification.™

CCT measurement in this study (529 um) was slightly
less than that reported by Sanchis-Gimeno et al*®
(554 + 16 pm), who studied the corneal thickness of 1000
young (range 20-30 years) emmetropic subjects using a
similar Orbscan II slit-scanning corneal topography
system. Comparison of CCT with other published reports
is limited due to differences in measurement technique.
Although the accuracy, precision, and repeatability of the
Orbscan system has been accepted for use in research,
it is recognized that it overestimates CCT compared to
the more commonly used technique of ultrasound
pachymetry.'*"32 The current study has taken this into
account by applying the standard acoustic correction
factor.”® The repeatability of Orbscan pachymetry has
been demonstrated to be approximately 2 ym>? to 5 um.**

Similar to the observations of previous reports, we
identified no significant difference in CCT based on
gender in this study.>*?” The relationship between CCT
and age has been extensively studied—although the
majority of authors report a gradual decrease in CCT
with advancing age after infancy,*®*** in contrast, others
have reported no change or an increase in CCT with
advancing age.>**

The relationship between significant endothelial
dysfunction and increased corneal thickness is well
established,>**™¢ and recognized causes of increased
corneal thickness include anterior segment disease and
previous intraocular surgery.>>*>*”*® However, the
relationship between corneal thickness and ECD in the
normal eye throughout life has yet to be fully established,
with few reports in the literature investigating a possible
relationship.

Studies investigating the influence of corneal thickness
on ECD in the elderly eye have reported conflicting
results. Muller ef al'® in a study of pre-operative cataract
surgery patients (mean age 75+ 11 years) identified a
significant correlation between central ECD and central,
superior, and temporal corneal thickness. Counter-
intuitively, the authors demonstrated that in an older
population, lower ECD values were associated with
thinner corneas. In contrast, Ventura et al®® failed to
identify a correlation between corneal thickness and ECD
either pre-operatively or post-operatively in a study of
elderly patients (mean age 71+ 15 years) undergoing
cataract surgery. In the sole study, investigating the
relationship between corneal thickness and ECD in
children, Muller et al'? reported a significant correlation
between thinner corneas and lower central ECD values in
children with a mean age of 10 + 3 years. Interestingly,
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the results of the current study suggest that a similar
relationship between central ECD and CCT, as
highlighted in children and older adults by Muller

et al,'*'* may also exist in normal, healthy, young adult
corneas.

Chang et al'® studied the corneas of young myopic
adults (mean age 22 + 4 years). They identified that
longer axial length was associated with flatter corneal
curvature, decreased corneal thickness, and decreased
ECD. However, they identified no direct correlation
between corneal thickness and corneal curvature with
ECD. To the authors’ knowledge, currently there are no
other published reports investigating the relationship
between corneal thickness and ECD in young adults.

The mean HCD in the current study was identical to
that reported by Riifer et al* in their study of 390 normal
subjects using the Orbscan II scanning topography
system (11.7 £ 0.4 mm). Similarly, no significant
difference based on gender was identified in either
study.* Several studies have investigated the change in
corneal diameter with age. The majority of investigators
have reported that corneal diameter reaches adult size by
the end of the third year of life, with no significant
age-related increase in corneal diameter thereafter.">*>
However, a few investigators have suggested that corneal
diameter may continue to change into late childhood.>?*
This possibility is important because previous reports
have identified that corneal diameter has an important
effect on ECD in children, with a significant independent
negative correlation between HCD and central
ECD.'%5%¢ The enlarged posterior corneal surface
associated with an increased corneal diameter may
require spreading of the fixed population of endothelial
cells to cover the greater surface area, therefore resulting
in a corresponding decrease in ECD. An increase in
corneal diameter during infancy or early childhood may;,
therefore, be a factor in the recognized decrease in ECD
that occurs during this time. However, the effect of HCD
on central ECD in the elderly eye was studied by Muller
et al,'" with no significant correlation identified. Similarly,
in the current study, no significant relationship between
HCD and central ECD was identified for normal young
adults. This suggests that the effect of corneal diameter
on the measurement of ECD in the normal eye may be
limited to infants and children only.

The effect of corneal curvature on the measurement
of ECD is yet to be fully established. A significant
correlation between steeper corneas and lower ECD
values has previously been recognized in the elderly
eye,'” but the authors cautioned that there may be an
artifactual element to this result, as the true optical effects
of increased corneal curvature on the measurement of
endothelial cell area by specular or in vivo confocal
microscopy has yet to be elucidated. In this current study,
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no significant correlation between either anterior or
posterior corneal curvature and ECD was identified. This
is in concordance with the findings of Chang et al'* who
identified no significant relationship between corneal
curvature and ECD in myopic young adults. No studies
appear to have specifically reported on the influence of
corneal curvature on the measurement of ECD in infants
or children.

Interestingly, Moezzi et al®’ demonstrated that contact
lens-induced corneal swelling flattens the posterior
surface of the cornea. This raises the question of how
ECD is affected by acutely induced changes in corneal
curvature. Theoretically, any change in ECD would be
expected to be minimal because the area of corneal
endothelium imaged by the in vivo confocal microscope
(0.087 mm?) is small relative to the diameter and
curvature of the cornea.

In addition to the measurement of ECD, the percentage
of hexagonality (percentage of six-sided cells) can also be
used as an indicator of the health of the corneal
endothelium. The mean percentage of hexagonality in
this current study (53 + 5%) was less than that identified
in two recently published reports that analysed mean
percentage of hexagonality for the same age range as this
study (both 61+ 7%).'7® Percentage of hexagonality of
the corneal endothelium has been reported to gradually
decrease with advancing age.*®'”*® There was no
correlation between percentage of hexagonality and ECD
in this study. However, a significant correlation was
identified between decreasing percentage of
hexagonality and increased variation in cell area.

A correlation between increasing percentage of
hexagonality and decreasing corneal thickness was
identified in this study, but the correlation marginally
failed to reach statistical significance (P =0.057).
Percentage of hexagonality was not related to the other
corneal parameters assessed or to ACD.

The current study suggests that corneal thickness may
be related to the measurement of ECD in the normal
young adults, with lower ECD values associated with
thinner corneas. The results of this study are therefore in
concordance with earlier studies involving children and
the elderly, which have demonstrated a significant
correlation between corneal thickness and ECD. Corneal
thickness decreases gradually with age and this may
contribute to the apparent decline in ECD recognized
with advancing age in the normal eye. The effect of
corneal diameter on ECD appears to be limited to
children, with no correlation between these parameters
identified in the current study. This was in concordance
with a previous study involving elderly eyes. The current
study suggests that, at least for young adults, corneal
curvature and ACD do not have an effect on the
measurement of ECD.

Eye

By establishing the relationship between corneal
parameters and ECD in healthy young adults, this study
provides useful baseline data for future studies of the
impact of diseases known to affect the cornea (eg
diabetes mellitus), intraocular surgery (an increasingly
popular option for refractive correction in this age
group), and corneal refractive surgery. In the latter case,
it is particularly important to take into account the effects
of altered corneal curvature on endothelial image
magnification and the questionable accuracy of Orbscan
CCT measurements post-operatively.

The reasons behind the relationships reported here
also merit further investigation in the form of structure—
function correlation. For example, Doughty et al*
demonstrated that dynamic changes in CCT in young
contact lens-wearing subjects are significantly correlated
with apparent changes in ECD.
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