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ABSTRACT

Objective: To study the relationship between axial length of the eye, corneal curvature, horizontal corneal
diameter, central corneal thickness and corneal endothelial cell morphology in young adults. Methods: In this
cross-sectional study, 616 eyes of 308 patients attending the ophthalmological clinic at Tishreen University
Hospital were studied between the years 2022-2023. All participants underwent a complete ophthalmologic
examination including examination for refractive errors, anterior and posterior sections of the eye, and intraocular
pressure in accordance with the inclusion and exclusion criteria, with the use of non-contact specular microscopy
(Perseus, Cso, Italy), where an average of three measurements were taken for central corneal endothelial density
(ECD), percentage of hexagonal cells (HEX), and coefficient of variation (COV). The corneal topography device
(CSO/Sirius) was used to measure the corneal curvature CC in mm, its horizontal diameter HCD in mm, and its
central thickness CCT. While an Aviso ultrasound A scan was used to measure the axial length AL in mm.
Results: The values of endothelial cell density (ECD) and percentage of hexagonal cells (HEX) decreased
statistically significantly, while the value of the coefficient of variation (COV) increased with the increasing of
axial length, increasing of corneal flattening and its diameters as well as decreaseing in its central thickness.
Conclusion: As the eyeball elongates, the cornea becomes more flatness and its diameters increase while its
thickness decreases, with significant changes occur in the morphology of the corneal endothelial cells. These
changes should be taken into account in planning for refractive surgeries and for comparison in reference studies.

KEYWORDS: Corneal endothelial cell density, axial length of the eye, central corneal thickness, corneal
curvature, horizontal corneal diameter.

INTRODUCTION 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.

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/mm2) at birth.™

The CEC cells are responsible for regulating fluid and
ion transport between aqueous humor and corneal stroma
to maintain corneal thickness and transparency.®! Unlike
the epithelial cells, CEC are incapable of mitosis thus the
number of cells diminish over time due to factors such as
age, surgery, and trauma.*® CEC have also been
reported to be affected in myopia particularly myopia of
high refractive power < -6.0D.° !

Surprisingly, there have been few reports in the literature
of the possible impact or association of axial length and
corneal parameters on ECD in the normal eye.

The possible impact of axial length of the eye, corneal
size, shape, curvature, and thickness on changes in ECD
throughout life has largely been ignored. While a large
horizontal corneal diameter was shown to correlate with
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a lower ECD count during early teenage years,™ ECD in
young adults was reported to be lower in longer and
flatter myopic eyes.!”?

As a result of the importance of the accurate evaluation
of the corneal endothelium in patients in general and in
patients who will undergo eye surgery such as cataract
surgery, glaucoma and refractive surgery, the evaluation
of the corneal endothelium is considered an urgent need
to assess the situation and thus preserving the
transparency of the cornea, as it is during ocular surgery
on the anterior section should be minimal surgical
trauma.™® 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, corneal curvature, horizontal corneal
diameter and axial length of the eye on the measurement
of ECD values in healthy young adults in their third
decade, age range 2039 years.

MATERIALS AND METHODS

This study took place in the Ophthalmology Clinic at
Tishreen University Hospital.

The inclusion criteria for this study were age 20-40 years
old, no anisometropia and best corrected visual acuity
(BCVA) 10/10 on Snellen Chart in each eye, no history
of ocular or systemic disease, nor previous refractive
surgeries, no use for contact lenses, if there was an
astigmatism so not more than -1.00D, no pregnancy and
with excluding of uncooperative patients.

This study was a cross-sectional study conducted to
examine the morphology of corneal of endothelial cells
in healthy Syrian young adults with emmetropia, myopia
and hyperopia and its association with axial length,
corneal curvatures, horizontal corneal diameter and
central corneal thickness.

The participating adults came to the Ophthalmology
Clinic for a routine examination or for correcting
refractive errors and others were recruited through
advertisements placed around the optometry clinic and
by words of mouth. Written consent was obtained from
the participants prior to data collection. Participants were
first screened for eligibility based on the inclusion
criteria.

All participants underwent a complete eye examination,
including evaluation of visual acuity using Snellen chart.
One drop of local topical anesthetic (Proxymetacaine
Hydrochloride 0.5%, Alcaine, Alcon,15 mL) followed by
three drops of cycloplegic eye drop (Cyclopentolate
Hydrochloride 1%, Cyclogyl, Alcon, 15 mL) at 10
minutes interval for each drop, used to paralyze the
ciliary muscle and inhibit accommodation. The
amplitude of accommodation was assessed using an RAF

rule to ensure that accommodation was paralyzed and
cycloplegic refraction was conducted when pupil size
achieves >5 mm. Cycloplegic refraction using open-field
autorefractor (Grand Seiko/ GR- 3500ka). Slit lamp
(CSO/ SL990) was used to examine the anterior eye
structure, and corneal topographer (CSO/Sirius) was
used to map the curvature of the corneal surface (CC), its
central thickness (CCT) and its horizontal diameter
(HCD). Before measurement, the subject’s head was
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 target. By viewing
the live 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. Axial length (AL) was measured using A-scan
ultrasound biometry (Aviso ultrasound A scan). The A-
Scan result was calculated by a single continuous beep
which automatically records the mean of ten
measurements with the standard deviation of <0.10 mm.

Central CEC morphologies [ECD, HEX and COV] were
evaluated by a single examiner using a non-contact
specular microscope (CSO/ Perseus). All measurements
were carried out in automatic mode at 9-11am in the
morning to avoid diurnal  variation.  Three
microphotographs were performed for every eye (the
difference of ECD values did not exceed_5%), and the
average value was calculated.

We used Analytic Study (Cross Sectional), Description
Statistical and Inferential Statistical, with the use of
Independent T student test, One Way Anova test and
Pearson Correlation, and the results were statistically
significant with p-value < 5%.

Participants were also divided based on mean of AL for
each refractive group was calculated and three groups
were arbitrarily divided as follows: 1)AL <23 mm, 2) AL
between 23-24 mm and 3) AL >24 mm. One way
ANOVA F test was employed to analyze the differences
of CEC morphology between the three groups. Pearson’s
correlation and Simple linear regression test were
performed to determine the relationship between each of
AL,CC, HCD, CCT and CEC morphology.

RESULTS

A total of 308 Syrian young adults (126 males/182
females) were examined. Demographic profile for all
participants is depicted in Table 1. The mean age of all
participants was 25.82+3.1 years old (range, 20 to 39
years old). There was no significant difference between
genders for any factors including the mean age, ECD,
HEX, COV, CC, HCD, CCT and AL.

Table 1: Demographic profile for all participants.
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Sex Number | Percentage
Male 126 40.9%
Female 182 59.1%
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Table 2: The relation between mean ECD and Sex.

Sex Mean + SD P-value

Male 2911.4+259.8 0.08

Female 2954.1+263.2 ’
Axial Length

The mean axial length of the eyes studied was 23.16 (SD
0.93) mm ( Range 21.71-27.12 mm). When axial length
values were compared with central ECD, HEX, COV
values. A negative trend was evident between AL, ECD
(r=-0,81, P=0.0001) (Figurel), and HEX (r=-0,74,
P=0.0001) (Figure2), while a positive trend was evident
between AL and COV (r=0,68, P=0.0001) (Figure3). The
trend suggested that eyes with longer axial length values
are associated with a lower central ECD, HEX and
increasing in COV values. Table 3 The relation between
ECD, HEX, COV and AL.

Table 3: The relation between corneal variants and
AL.

Variants Pearson Correlation | P-value
ECD -0.81 0.0001
HEX -0.74 0.0001
cov 0.68 0.0001
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Figure 1: Relation between measured axial length and
central endothelial cell density.
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Figure 2: Relation between measured axial length and
HEX.

60

40 M
Q

(W)

20

El T T T T 1

20 2 24 26 Al 23
Figure 3: Relation between measured axial length and
Cov.

The patients were divided into three groups according to
their axial length of the eye, in order to calculate the
decrease between each group. We've found a statistically
significant different between the mean central corneal
ECD according to axial length of the eye. As the eye ball
elongates, a decrease in central ECD was found for about
83.8 cellssmm’ between the first two groups and for
about 81,2cells/mm? between the last two groups as
shown in (Table 4).

Table 4: The relation between mean ECD according
to axial length.

AL | Mean = SD(ECD) | P-value
<23 3099.6+192.04

23-24 | 3015.8+116.98 0.002
>24 2934.61+248.7

Corneal curvature

The mean corneal curvature for all corneas assessed was
7.825mm.

There was a statistically significant negative correlation
identified between corneal curvature and central ECD
(r=-0,41, P=0.0001) (Figured4), and HEX (r=-0,36,
P=0.0001) (Figure5). whereas a statistically significant
positive correlation identified between corneal curvature
and central COV (r=0.33, P=0.005) as showed in
(Figure6). Table 5 shows the relation between each
variant and corneal curvature.

Table 5: The relation between ECD, HEX, COV and
corneal curvatures.

Variants Pearson Correlation | P-value
ECD -0.41 0.0001
HEX -0.36 0.001
cov 0.33 0.005
4500 -
2500 | W
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Figure 4: Relation between central ECD and CC.
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Figure 5: Relation between central HEX and CC.
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Figure 6: Relation between central COV and CC.

Horizontal corneal diameter

The mean horizontal corneal diameter (HCD) for the
entire study group was 11.9+0.4mm and the range was
10.8-13.0mm. A statistically significant negative
correlation between mean HCD and central ECD was
identified (r=-0.58, P=0.0001) (Figure7). Analysis of the
percentage of Hexagonality HEX and HCD revealed a
significant negative relationship (r=-0.54, P=0.004)
(Figure8). Whereas a statistically significant positive
relation was found between COV and HCD (r=0.60,
P=0.0001) (Figure9). Table 6 shows the relation between
ECD,HEX,COV and HCD.

Table 6: The relation between ECD,HEX,COV and
HCD.

proportion of hexagonal cells HEX (indicating thinner
corneas have a lower proportion of hexagonal cells
(r=0.31, P=0.01) (Figurell). Whereas the relation
between COV and CCT tended to be negative (r=-0.28,
P=0.03) (Figurel2). Table 7 shows the relations between
these variants and CCT.

Table 7: The relation between corneal variants and
CCT.

Variants Pearson Correlation P-value

ECD 0.27 0.01

HEX 0.31 0.01

cov -0.28 0.03
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Figure 10: The relation between ECD and CCT.
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ECD -0.58 0.0001
HEX -0.54 0.004
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Figure 7: The relation between ECD and HCD.
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Figure 8: The relation between HEX and HCD.
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Figure 9: The relation between COV and HCD.

Corneal thickness

The mean central corneal thickness (CCT) was 540+43
mm (range 460-620 mm). When the mean central ECD
values were compared with CCT values, a statistically
significant correlation was identified (r=0.27, P=0.01)
(Figurel10). This indicates that lower ECD values were
measured in thinner corneas. However, there was a clear
trend for mean CCT to be positively correlated with the
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Figure 11: The relation between HEX and CCT.
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Figure 12: The relation between COV and CCT.

Axial length and corneal curvatures

By studying the relation between AL and CC, we found a
statistically significant positive relation between the both
variants which indicates that taller eyes are correlated
with more flattened corneas (r=0.77,

P=0.0001) (Figurel3).
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Figure 13: The relation between CC and AL.

And by studying the relation between AL/CC ratio and
ECD we found a statistically significant negative
correlation between them, which indicates that as the eye
ball elongates the cornea tends to be more flattened with
lower values of central ECD (r=-0.49, 0.001) (Figurel4).
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Figure 14: The relation between AL/CC ratio and
ECD.

Endothelial cell density and age

The relation between central ECD and age was
statistically significant with lower ECD values in older
subjects. Which means that ECD values tends to

decrease with advanced ages (r=-0.24, P=0.03)
(Figurel5).
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Figure 15: The relation between central ECD and
age.

DISCUSSION

The mean value for ECD in this current study
(3018+248.2 cellssmm2) was in concordance with that
previously reported in the literature for young adults
(range 2540-3411 cells/mm2)."*%%1 \When compared
with mean ECD values reported for children (3400-4300
cellssmm?2) and for elderly eyes (2324-3175 cells/fmm2),
a clear trend of decreasing mean ECD with advancing
age is observed.!162-232428] consistent with the majority
of other published reports, there was no significant

difference in mean ECD based on gender in this
study.[7'11'20'21'29'30]

In the present study, insignificant difference in CEC
morphology was observed between genders, which
support findings from other studies in adults®**? and
children.B** However in a study conducted in Japan,™
it was shown that female participants had lower ECD
values, increased COV and decreased HEX when
compared to males. Their study was carried out among
older adults with mean age 61.8_ 10.2 years with high
myopia (SER < -6D) and history of contact lens wear
among its female participants. All these could contribute
to the differences in findings since other studies have
shown that increase in age,*! presence high
myopia,***" contact lens wear® could affect CEC
morphology.

CCT measurement in this study (540 pm) was slightly
less than that reported by Sanchis-Gimeno et al®®)
(55416 pm), who studied the corneal thickness of 1000
young (range 20-30 years) emmetropic subjects using
Orbscan 1l slit-scanning corneal topography system,
while we used CSO/Sirius Italy in our study. Comparison

of CCT with other published reports is limited due to
differences in measurement technique.

Our study showed a statistically significant relationship
between the axial length of the eye and corneal
curvatures, as the axial length of the eye gets longer, the
corneal curvatures increase, and hence increasing in the
corneal flatness occurs.

These results can be explained by the fact that the
corneal flattening may be a compensation to prevent the
occurrence of myopia in spite of the elongation of the
eye Park et al," or considering the absence of an
increase in the growth of corneal tissue, the corneal
parenchyma may become thinner with the corneal
flattening in a manner similar to what happens in Sclera
in the context of increased axial length of the eye
associated with myopia Chang el al.[”

Our study was in concordant with Sang Hoon Park™®,
who found that In shorter eyes, there was a tendency
toward hyperopia, a steeper cornea, and a thicker RNFL,
and in longer eyes toward myopia, a flatter cornea, and a
thinner RNFL. Shu-Wen Chang!” indicated that changes
in the anterior segments as the eyeball elongates in
myopia progression included flatter corneal curvature,
decreased corneal thickness, as well as decreased
endothelial density. In a study conducted to investigate
the factors affecting corneal curvatures, Yue Ying Zhang
et al* found an increase in corneal curvatures in
conjunction with an increase of the axial length of the
eye as well as an increase in the horizontal corneal
radius, with many studies that confirmed the same idea
in the medical literature a in children and adults. In a
study conducted by Eghosasere lyamu el al*? they found
that There was statistically significant inverse correlation
between AL and CC, This was contrary to our study and
the rest of the previous ones, and this difference may be
due to the small number of the study sample used by
them (70 patients) compared to our study (308 patients),
in addition to the difference in race, and the difference in
the device used in their study Bausch and Lomb
Keratometer H-135A for corneal curvature, while we
used CSO/Sirius Italy in our study.

We found a statistically significant correlation between
the axial length and the morphology of the corneal
endothelial cells, as the axial length increases, the ECD
values and the percentage of hexagonal cells HEX
decrease, and the COV increases. Where we found a
decrease between the mean values of the corneal
endothelial cell count by 84 cellssmm? between the first
and second groups depending on the axial length and by
81 cells/mm? between the second and third groups.

Likewise, we found a statistically significant relationship
between corneal curvatures and the morphology of the
corneal endothelial cells, as corneal endothelial cell
density decreased as corneal curvatures increased.
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By studying of the relationship between the ratio of axial
length of the eye and corneal curvatures AL/CC, with
corneal endothelial cell density ECD, it turned out that
with the increase of each of the axial length of the eye
and corneal curvatures, the central corneal endothelial
cell density decreases.

This decrease in the number of corneal endothelial cells
can be attributed previously to the fact that the increase
in the axial length of the eye results in a flattening of the
cornea as a result of the circumferential tensile forces
applied to it Chang W et al” and an increase in its area in
conjunction with the subsequent increase in the size of
the eyeball to be elongated by Delshad & Chun®®, and
as a result, the endothelial cells will migrate and elongate
to cover this expansion in the surface towards the
periphery, which will result in a decrease in their central
density, a decrease in the percentage of hexagonal cells,
and an increase in the volume variation coefficient.

This is in agreement with a study conducted by Mohidin
Norhani el al®! which concluded that For every 1mm
increase in axial length, endothelial cells density
decreased by 73.27cellssmm2, hexagonality decreased by
2.32% and coefficient of variation increased by 1.75%.
In a similar study by Delshad & Chun®, they found a
decrease in the corneal endothelial cell density ECD and
the percentage of hexagonal cells HEX in eyes with high
myopia with a longer axial length compared to eyes with
mild myopia.

There are not many studies in the medical literature that
have examined the morphology of corneal endothelial
cells relative to the axial length. Rather, most of them
focused on studying the relationship of the axial length to
the ECD, as they noticed a decrease in central ECD as
the axial length increases.t’?%4

While Vandana Panjwani® concluded that axial length
has an indirect correlation with the corneal endothelial
cell count which was statistically significant. Mei-Ru
Chen™! found a decrease in ECD values in only 7 eyes
out of 50 patients without a statistically significant
relationship, and this is probably due to their small
sample size (50 patients) compared to our study (308
patients).

While Samaneh Delshad*® and HY Patel™”], did not find
a significant relationship between corneal curvatures and
ECD, and this may be due to the small number of
samples they studied, 154 right eyes of 154 patients and
62 patients, respectively, compared to our study of 616
eyes, and they used the Konan NSP-9900 device and the
Confoscan 2 America device to measure ECD values,
respectively, while we used the CSO/ Perseus device.

As for the study of the effect of the horizontal corneal
diameter HCD on the corneal endothelial cell density
ECD, we found a decrease in ECD and HEX, and an
increase in COV as the HCD increases.

These changes can be understood as the HCD increases
with the increase of the axial length of the eye Jiang2016
el al® and Park2010 el al.l*! And due to the association
of corneal flatness with an increase in HCD, Zhang el
al®; Therefore, we can say that an increase in the HCD
when the eyeball elongates, results in an enlargement of
the surface area of the cornea, and since the endothelial
cells of the cornea cover the posterior surface of it, they
extend towards the circumference to occupy the entire
posterior surface of the cornea. Thus, a certain decrease
in its central density was recorded as a result of this
expansion.

This came in agreement with the results of the Muller
2002 el al®®, in which the relationship of HCD and ECD
was studied in children 5-15 years old, and they found
that every 1 mm increase in HCD, ECD decreases by
200cells/mm2. Uri Elbaz et al™*”, studied children up to 5
years of age, found a significant decrease in ECD in the
first two years of life, which was attributed to an increase
in HCD, including an increase in the surface area of the
cornea.

However, Giasson® and HY Patel®! did not find a
significant relationship between the two variables
studied, and the reason could be the difference in the
sample size of 35 and 62 patients, respectively,
compared to our study of 308 patients, as well as the
difference in the methods of measuring the HCD
between the studies, Graphical tools and Orbscan Il
combined Placido, slit-scanning corneal tomography
system and CSO/Sirius in our study.

We also found a significant decrease in ECD in patients
with thinner corneas.

These results can be understood by hypothesizing the
occurrence of biomechanical changes in the cornea
similar to those that occur in the sclera with elongation
of the eyeball in patients with axial myopia, which is due
to a loss of the collagen fiber network.

Our results are consistent with what was found by HY
Patel™®”!, who found a strong association between corneal
thickness and corneal endothelial cell counts in
adolescents, as well as Muller 2004 el al®® in adults
between 48-91 years of age. While our study did not
agree with Mohidin Norhani el al™?, who did not find a
relationship between the corneal endothelial cell count
and its thickness. This may be a result of the different
age groups studied, as well as the size of their sample
used 111 children, and the fact that they relied on
specular microscopy device to obtain the values of CCT,
Topcon SP-2000P, while in our study we relied on the
device CSO/Sirius.

CONCLUSION

We found statistically significant changes in corneal
morphology with the elongation of axial length of the
eye, as we found a decrease in ECD values HEX and an
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increase in COV with an increase in AL in the context of
the development of axial myopia. These changes were
also associated with an increase in CC, including an
increase in corneal flatness, as well as an increase of
HCD and a decrease in CCT.
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