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SUMMARY 

The aim of this study was to compare the cor-
neal endothelial cell density and morphology be-
tween different genders and to investigate the 
correlation between corneal curvature and cor-
neal thickness with corneal endothelial character-
istics in young Chinese adults. The studied pa-
rameters included mean endothelial cell density 
(MCD), coefficient of variation (CV) in the cell 
size, as well as hexagonal appearance of the cell. 
Non-contact Specular microscopy (Konan NSP-
9900) was performed in 154 subjects (77 male 
and 77 female), aged 18 to 24. Corneal thickness 
(CT) and mean of corneal endothelial cell pa-
rameters were obtained. Corneal curvature was 
measured using keratometer (Bausch & Lomb, 
USA). In males, mean CV was 31.20 ± 3.13%, 
MCD was 3217 ± 108.04 cells/mm

2
 and mean 

hexagonal appearance of cells was 51.27 ± 
2.60%. In females, mean CV was 30.18 ± 2.98%, 
MCD was 3063 ± 131 cells/mm

2
 and mean hex-

agonal appearance of cells was 53.06 ± 2.97%. 
Comparing corneal endothelial parameters using 
Student’s t test, there was no significant differ-
ence in MCD (p=0.560), CV (p=0.428) and hex-
agonal appearance of the cell (p=0.169), be-
tween genders. Study of the correlation, using 
Pearson’s correlation, showed no significant cor-
relations between corneal endothelial characteris-

tics and corneal curvature and corneal thickness. 
To conclude, there is no difference in corneal 
endothelial cell parameters between genders. 
Moreover, endothelial cell parameters are corre-
lated neither with corneal curvature nor corneal 
thickness. 
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INTRODUCTION 

The human corneal endothelial cell is a non-
regenerating, predominantly hexagonal cell which 
covers the posterior surface of the Descemet 
membrane, and faces the anterior chamber of the 
eye. The corneal endothelium is metabolically 
active and plays an imperative role in maintaining 
the corneal transparency by pumping water from 
stroma to the aqueous humor, and keeping the 
stroma in the dehydrated level of 70% of water 
(Rapuano et al., 2001; Hashemian et al., 2006). 

Corneal endothelial cell density and morphology 
can be analyzed using a specular microscope. 
The specular microscope has been shown to be 
reliable and reproducible with appropriate calibra-
tion of the instrument (Benetz et al., 1999; Modis 
et al., 2002; Van Schaick et al., 2005). Non-
contact specular microscopes provide a non-
invasive method of morphological analysis of the 
corneal endothelial cell layer. It makes the meas-
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urement of mean cell density (MCD), measure-
ment of variation (CV) in the cell size, as well as 
hexagonal appearance of the cell. These pa-
rameters provide an index of the functional status 
of the corneal endothelial layer (Hashemian et al., 
2006). 

The possible influence of the corneal tomo-
graphic parameters on the measurement of cor-
neal endothelial cell density has been investi-
gated earlier. In a study involving elderly eyes 
(age range 48-91 years), significant correlations 
were noticed between mean endothelial cell den-
sity (MCD), corneal thickness and corneal curva-
ture. Consequently, lower MCD value would be 
expected in thinner and/or steeper corneas. How-
ever, there was no difference in MCD between 
genders (Muller et al., 2004). In another study 
involving young adults (age range 21-30 years), a 
significant correlation was noticed between cor-
neal thickness and MCD; nevertheless, no corre-
lation between MCD, gender and corneal curva-
ture was observed (Patel et al., 2009).  

Despite the fact that few studies have consid-
ered gender, corneal thickness and corneal cur-
vature as factors that may affect the corneal en-
dothelial parameters, little is known about their 
effects on corneal endothelium cell layer. Be-
sides, in a subset of corneal transplantation stud-
ies, the initial assessment of corneal endothelial 
cell density and morphology can help the practi-
tioners to anticipate the late graft failure after few 
postoperative years, as it may be originated from 
low initial endothelial cell density (Nishimura et 
al., 2010). Therefore, the initial assessment of 
corneal endothelial cell layer seems significant.  

This study aims to compare the corneal endo-
thelial cell characteristics between genders and 
investigate the correlation of corneal curvature 
and corneal thickness with endothelial cell char-
acteristics. 

MATERIALS AND METHODS 

A prospective study was carried out and a total 
of 154 eyes (only right eye) from 154 subjects 
aged 18 to 24 years old. None of them had previ-
ous contact lens, or ocular or/and systemic dis-
ease, or/and surgery history. Informed consent 
was obtained from all subjects followed by a com-
prehensive ocular examination. Thorough ocular 
examinations were carried out to exclude cases 
with best corrected visual acuity of worse than 
20/20 in each eye and any ocular pathology.  

     A non-contact specular microscope (Konan 
NSP-9900) was used by a single examiner to as-
sess the central corneal thickness and corneal 
endothelial cell parameters. The procedure for 
endothelial cells analysis was as follows: three 
images from the central cornea were captured of 
at least 80 contiguous cells, and were manually 
marked with a mouse by the examiner for analy-
sis by a built-in software program.  

The computer automatically evaluated, calcu-
lated and displayed the mean cell density (MCD) 
(cell/mm²), coefficient of variation (CV) in cell size 
and percentage of hexagonal cells. In addition, 
corneal curvature was measured using keratome-
ter (Bausch & Lomb, USA), and three times 
measurements were taken. The mean of each 

Table 1. Corneal endothelial cell density of the sub-
jects analyzed (cells/mm²) 

 Total Female Male 

Mean 3286 3063 3217 

SD 111 131 108 

Maximum 3405 3225 3405 

Minimum 2863 2863 2951 

Table 2. Coefficient of variation in cell size in the sub-
jects analyzed (%) 

  Total Female Male   

Mean 31.27 30.18 31.20 

SD 3.02 2.98 3.13 

Maximum 35.73 34.11 35.73 

Minimum 26.67 26.67 27.98 

Comparing corneal endothelial cell parameters among different gen-
ders using independent Student’s t test, there was no significant differ-
ence in MCD (p=0.560), mean CV (p=0.428) and mean of hexagonal 
appearance of the cell (p=0.169) between female and male.  

Table 3. Hexagonal appearance of the cell in the sub-
jects analyzed (%)  

Study of relation between factors, using Pearson’s correlation, showed 
that there are no significant correlations between corneal endothelial 
cell parameters and corneal curvature and corneal thickness. Table 4 
summarizes the study of correlation between factors.  

  Total Female Male 

Mean 52.88 53.06 51.27 

SD 3.42 2.97 2.60 

Maximum 56.51 56.51 54.13 

Minimum 48.18 49.57 48.18 

Table 4. Study of correlation between factors 

  CT Corneal curvature 

MCD p = 0.077; r= 0.13 p=0.036; r=0.24 

CV p = 0.056; r= 0.43 p=0.067; r=0.24 

Hexagonal 
cells 

p = 0.083; r= 0.11 p=0.028; r=0.17 

http://thesaurus.com/browse/anticipate


S. Delshad 

157 

variable was used for further analysis.  

     Data were analyzed using SPSS statistical 
program (version 20). Mean differences, standard 
deviation and correlation between observations 
were assessed. Normality of data was checked 
using Shapiro-Wilk test. Mean of different varia-
bles between genders tested using independent 
Student’s t test. A probability of 0.05 was consi-
dered statistically significant. 

RESULTS 

Characteristics of corneal endothelial cells were 
studied in 154 eyes (77 male and 77 female) of 
young Chinese adults with mean age 21.7±1.87 
years old. Males had the mean age of 
20.22±1.22 years old, mean corneal curvature of 
7.52±0.21 mm and mean corneal thickness of 
521.7±29.3 μm. In females, the mean age, mean 
corneal curvature and mean corneal thickness 
were 20.13±1.52 years old, 7.82±0.19 mm and 
528.1±26.1 μm, respectively. Table 1, 2 and 3, 
present the specular microscopy findings of cor-
neal endothelial cell density and morphology in 
total, female and male subjects.  

DISCUSSION 

The function of corneal endothelium in modifi-
ability of stromal hydration level and preserving 
the corneal transparency is well understood. This 
function is executed by active metabolic pumps in 
the corneal endothelium, which persistently re-
moves the fluid out of the corneal stroma (Sheng 
et al., 2002). 

     Assessment of corneal endothelial cell den-
sity and morphology provides important informa-
tion on corneal endothelial function and viability, 
and become an acceptance factor in practice and 
research to provide valuable information on the 
layer (Hashemian et al., 2006; Sheng et al., 
2002). 

     Corneal endothelial morphology can be 
measured with various instruments such as con-
tact specular microscope, non-contact specular 
microscope and confocal biomicroscope.  Non-
contact specular microscopy found to be more 
patient friendly and less hazardous regarding 
corneal epithelial damage and infection transmis-
sion (Sheng et al., 2002; Hashemian et al., 
2006). As a result, it has been widely used in 
studies of corneal endothelial cell density and 
morphology (Sheng et al., 2002; Urban et al., 
2002). 

     Few studies have been discussed on the 
relationship of corneal curvature, corneal thick-
ness and gender with corneal endothelial cell 
density and morphology. Decision regarding cor-

neal endothelial cell characteristics differ based 
on gender, should be based on normative data 
derived from the underlying population. This 
study provides data on endothelial cell character-
istics in a selected sample of Chinese eyes in 
Malaysian population. 

     There have been some studies considering 
corneal thickness and corneal curvature as two 
factors which may affect the corneal endothelial 
cell parameters. In the current study, the results 
showed no significant correlation between cor-
neal curvature and corneal thickness with endo-
thelial cell characteristics. As it was supported 
earlier by Change et al. (2001) and urban et al. 
(2002) on the studies of correlation of these fac-
tors, they have not found any statistical correla-
tion between corneal curvature and corneal thick-
ness with corneal endothelial cell characteristics. 

     Besides, there were contradictory results 
about the relationship between gender and endo-
thelial cell characteristics. Many studies have not 
found any statistical differences between them 
(Laing et al., 1976; Hirst et al., 1980; Matsuda et 
al., 1985; Landesz et al., 1995; Hashemian et al., 
2006, Akiko et al., 2009), few have been stated 
differently. Padilla et al. (2004) have found that 
females have greater MCD than males, and Na-
rumon et al. (2008) have concluded that females 
have higher CV than males. Nevertheless, none 
of them have stated that the quality of corneal 
endothelium was different between genders. The 
results of this study have shown that there are no 
differences in corneal endothelial cell parameters 
between genders. 

     In sum, the existence disparity of correlation 
between gender and endothelial parameters in 
various populations can conclude that the estab-
lishment of normative data on the corneal endo-
thelium in each ethnic group is important. Data 
gathered may help in the assessment of endothe-
lial function of the individuals in that specific 
population. 
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