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Abstract 
Purpose: To study the corneal endothelium by specular microscopy in middle aged patients 
with cataract. Methods: this is observational cross-sectional retrospective clinical study. It 
included 500 eyes of 500 patents (244 females and 256 males) with cataract whose ages were 
between 40 and 60 (mean, 51.99 ± 7.32) that accepted to participate in this study in Sohag 
ophthalmic investigation center from the period of September 2017 to November 2018. Non-
contact Topcon specular microscopy (model SP-1S, Japan) was performed in the studied eyes. 
Endothelial cell density (ECD), coefficient of variation (CV) in cell size, hexagonality of cells 
(HEX), and number of cells (N) were measured. Results: ECD readings ranges from 2017-3931 
with a mean of 2835.29 and SD of 476.01. The median of COV is 36 and the range lies 
between 23-91. The mean of HEX is 50.61 with SD of 9.85 while the median is 52. Number of 
corneal cells in the study group ranges from 97-457 cells with a mean of 158.39 cells and SD of 
55.86, while the median is 145 cells. The results of the present study revealed that WKH�PHDQ�RI�  
endothelial cell density is 2835.29 ± 476.01 cell/mm2, coefficient of variation in cell size is 37.78 
± 9.60 %, hexagonality of cells is 50.16 ± 9.85 % and number of cell is 158.39 ± 55. 86 cells. 
Conclusion: Specular microscopy can provide a non invasive morphologic analysis of the 
corneal endothelial cell layer from subjects enrolled in clinical trials. 
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1. Introduction 

The normal cornea is lined on its 
inner surface by one layer of endothelial 
cells [1], the cell density of which is 
usually reported as the number of 
cells/mm2. This endothelial cell density 
(ECD)assessment may be undertaken 
directly by counting the cells within a 
determined area of the corneal endothelium 
[2] or by indirect way by measuring the 
areas of the cells and then making a 

calculation of the estimated cell density 

[3,4]. Allowing for some age-related 
reductions in ECD, the status of the end-
othelium in terms of its density is widely 
accepted as an indicator of corneal health 
and freedom from disease, acquired infla-
mmation or iatrogenic damage [5-6]. ECD 
is the most widely reported measure of 
the corneal endothelium and quite often 
the only measure. Any assessment of ECD, 
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whether based on counts or area measures, 
does not provide any indication of the 
possible variability in the cells, either in 
terms of their size (area) or shape (for 
example, the �hexagonality� or percentage 
of six-sided cells) [3]. With the advent 
of numerous different image analysis 
software options on specular or confocal 
microscopes, it has become easier to try 
to assess this variability by reporting on 
the polymegethism (variability in cell 
areas) and/or the polygonality (variability 
in the number of cell sides). It is the 
polymegethism that has received the most 
attention, with an index of polymegethism 
being reported as the coefficient of 
variation (COV) on the measured cell 
areas, usually reported as a percentage. 
Polymegethism can also be graded with 
the support of sets of representative images 

[7] or schematics [8]. Specular microscopy 

is used to view and record non-invasively 
the image of the corneal endothelial cell 
layer [9,10]�� The clinical specular mic-
roscopic devices are all based on the 
original laboratory microscope designed 
by Maurice to allow a high magnification 
view of specular reflected light from the 
corneal endothelium. The specular reflex 
occurs at a regular, smooth surfaced 
interface of two refractive indices with 
the light from the subject having an 
angle of incidence equal to the angle of 
reflection to the observer. The endothelial 
cells can be imaged because the refractive 
index of the endothelial cells is greater 
than the 1.336 value for aqueous humor, 
thus reflecting 0.022% of the projected 
light [11]. Early reports from 1920 
describe the use of specular reflex light 
with the slit lamp to view the corneal 
endothelium [12]. 

 
2. Patients and Methods 

Type of the study: observational 
cross-sectional retrospective clinical study 

done in the period from September 
2017 to November 2018. 

2.1. Patients 
We evaluated a 500 eyes of 500 

patents (244 females and 256 males) with 
cataract  whose ages were between 40 
and 60 (mean, 51.99 ± 7.32) that accepted 
to participate in this study voluntarily 

after they were informed about the 
procedures within the scope of the 
study in Sohag ophthalmic investigation 
center. 

2.1.1. Inclusion criteria  
Age ranges from 40 to 60 years, Confirmed cataract, clear cornea. 

2.1.2. Exclusion criteria 
We excluded any ocular disease 

other WKDQ cataract as: Corneal opacity, 
glaucoma, keratoconus, retinal disease, 
evidence of endothelial dystrophy. Previous 
ophthalmic herpes infection, past history of 

uveitis. Diabetes mellitus, Pregnancy. 
Collagen vascular diseases, Severe dry 
eye. We also excluded contact lens wear, 
systemic treatment, and any history of 
previous ocular surgery. 

2.2. Methods 
The procedure was explained to 

patients eligible for inclusion and the 
consent form was signed. Before the 
operation; all patients were subjected to: 
1) A detailed ocular and medical history. 
2) Complete ophthalmic exam-ination 
which included: 

a. Slit lamp examination to exclude 
corneal opacity or inflammation. 

b. Fundus examination to detect any 
posterior segment abnormalities. 

3) Non-contact Topcon specular micro-
scopy (model SP-1S, Japan), fig. (1), 
was performed in the studied eyes. 
Endothelial cell density (ECD), coef-
ficient of variation (CV) in cell size, 
hexagonality of cells (HEX), and nu-
mber of cells (N) were measured. The 
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shape of the endothelium is obtained 
on an incorporated screen. After a 
clear image of the central endothelium 
was captured, the computer performed 
an automated analysis of the cell 
parameters that were displayed on the 
screen and then a printout was obtained 
as shown in fig. (2). Data analysis 

was performed using SPSS software 
(version 16.0, SPSS, Inc.). Shapiro-
Wilk test was used to test normality 
of distribution of the data, the test 
was significant indicating that the 
data are non-parametric and don�t 
follow the normal distribution. 

2.3. Statistical analysis  
Mann-whitney U test was used to 

detect the differences in the outcome 
variables between males and females. 
Spearman Correlation was used to examine 

the change in endothelial cell character-
istics with age. Data are shown as mean 
± standard deviation (SD). p values less 
than 0.05 were considered significant. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure (1) Shows SP-1S Topcon specular microscopy 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

Figure (2) Shows an automated analysis of the cell parameters of normal specular microscopy. 
 
3. RESULTS 

Samples of five hundred middle 
aged population with cataract were eva-
luated. Their ages ranges from 40-60 
years (mean, 51.99 ± 7.32) as shown in 
fig (2). The study group consists of 244 
female and 256 males. Table (1) shows 
that ECD readings ranges from 2017-

3931 with a mean of 2835.29 and SD of 
476.01. The median of COV is 36 and 
the range lies between 23-91. The mean 
of HEX is 50.61 with SD of 9.85 while 
the median is 52. Number of corneal 
cells in the study group ranges from 97-
457 cells with a mean of 158.39 cells 
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and SD of 55.86, while the median is 
145 cells. There is significant (P <0.05) 
negative correlation between age and 
ECD which means that ECD decreases 
as the age increases. There is also 
significant negative correlation between 
age and number of corneal cells. The 
correlations between age and the other 
two outcomes (COV and HEX) are stat-
istically insignificant, tab. (2). Table (3) 
shows that the mean of CD among the 
studied females is fairly above 2790 
with SD fairly above 460, while the 
mean among males is near to 2877 with 
SD of 487.24 with statistically significant 
difference between them. There is also 
significant difference between males 
and females in COV (mean ± SD, 38.57 
± 9.99 and 36.94 ± 9.13 respectively). 
The number of corneal cells also varies 
significantly between both males and 
females (mean ± SD, 167.42 ± 64.83 and 
148.91 ± 42.67 respectively). However, 

there is no significant difference between 
females and males regarding HEX. We 
evaluated a 500 eyes of 500 patLents 
(244 females and 256 males) with cataract  
whose ages were between 40 and 60 
(mean, 51.99 ± 7.32) that accepted to 
participate in our study voluntarily after 
they were informed about the procedures 
within the scope of the study in Sohag 
ophthalmic investigation center. Non-
contact SP-1P Topcon specular microscopy 
was performed in the studied eyes with 
cataract. Endothelial cell density (ECD), 
coefficient of variation (CV) in cell size, 
hexagonality of cells (HEX), and number 
of cells (N) were measured. The results 
of the present study revealed that WKH�
PHDQ� RIf endothelial cell density is 
2835.29 ± 476.01 cell/mm2, coefficient 
of variation in cell size is 37.78 ± 9.60 
%, hexagonality of cells is 50.16 ± 9.85 
% and number of cell is 158.39 ± 55. 86 
cells 

 

Table (1) Corneal endothelial cell characteristics of the studied population, Sohag, 2018. 

 Min-Max Mean ± SD Median 
ECD 2017-3931 2835.29 ± 476.01 2796 
COV 23-91 37.78 ± 9.60 36 
HEX 21-77 50.16 ± 9.85 52 
Number of cells 97-457 158.39 ± 55. 86 145 

 

Table (2) Correlation between outcome variables and age among the studied population, Sohag, 2018. 
 ECD  COV HEX Number of cells 

Age 
r 

 
-0.63 

 
0.01 

 
-0.08 

 
-0.33 

P value     0.00* 0.82 0.09    0.00* 
 

Table (3) Outcome variables among  the studied males and females, Sohag, 2018. 
Female Male  

Median Mean ± SD Median Mean ± SD 
P value 

ECD 2747 2790.83 ± 460.75 2894.50 2877.67 ± 487.24 0.05* 
COV 35 36.94 ±  9.13 36 38.57 ± 9.99 0.01* 
HEX 52 50.65 ±  9.22 52 49.68 ± 10.42 0.66 
Number of cells 142 148.91 ±  42.67 147 167.42 ± 64.83 0.00* 

 
4. DISCUSSION 

Many studies showed that corneal 
endothelial cell density alterations with 
aging. These studies report that ECD, 
percentage of hexagonal cells, and number 
of cells decrease with age [13-17]. In 
our study on 500 eyes in Sohag in 
middle aged patient with cataract with a 
non-contact specular microscopy (SP2000: 

Topcon corporation, Japan) we found that 
CD readings ranges from 2017-3931 
with a mean of 2835.29 ± 476.01 cells/ 
mm2. There was significant negative 
correlation (P < 0.05) between age and 
ECD which means that ECD decreases 
as the age increases. There is also sign-
ificant negative correlation between age 
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and number of corneal cells. The corre-
lations between age and the other two 
outcomes (COV and HEX) are statistically 
insignificant. Hoffer and Kraff [18] 
reported their analysis of routine 
preoperative cell counts on 2000 eyes 
with cataract in the 40- to 90-year age 
range. Their study showed that the 
average mean endothelial cell count is 
2400 cells/mm2 for individuals 40 to 90 
years of age, whereas the range of 
individual cell counts for these corneas 
is 1500 to 3500 cells/mm2. Estimation 
of the endothelial reserve is made by 
comparing a cornea's endothelial cell 
count to the normal range of 1500 to 
3500 cells/mm2 (age, 40-90). If the cell 
count is in the upper range, the cornea 
may be able to withstand more surgical 
trauma because it retains a sufficient 
density of endothelial cells even after 
greater endothelial cell loss. Conversely, 
if the cell count is in the lower range, 
the cornea may be unable to sustain as 
much damage, may take longer to heal, 
and may have a greater chance of 
decompensate and requiring a corneal 
transplant. Ourstudy results strongly cor-
relate with the normal range of Hoffer 
and KrafI analysis of endothelial cell 
count in spite of conducting the study 
on middle aged patients (40-60 years) 
only. Hashemian et al. [19] reported a mean 
endothelial cell density  of 1961 ± 457 
cell/mm2 among 525 eyes of normal 
Iranian people aged 20-85 years old 
with a non contact specular microscopy 

(SP2000: Topcon corporation, Japan) 
UHODWLYHOO\� FRUUHODWH� ZLWK� RXU� VWXG\� LQ�
VSLWH�RI�OLWWOH�GLIIHUDQFH�LQ age group of 
selected patients. Yunliang et al. [16]

 

performed specular microscopy in 1329 
eyes of 700 healthy Chinese people 
aged 10�98 years and evaluated the 
mean endothelial cell density of their 
population as 2932 ± 363 cell/mm2 with 
(Non con Robo SP-9000; Konan, Hyogo, 
Japan) that also correlate with our 
study. Ceyhun et al. [20]. reported a mean 
endothelial cell density of 2671 ± 356 
cell/mm2 among 252 eyes of normal Tur-
kish people aged 20-70 with non contact 
specular microscopy (SP-3000P: Topcon 
corporation, Tokyo, Japan), these study 
also supports our results. Regarding the 
effect of sex on corneal endothelial cell 
densities and morphology and central 
corneal thickness, some studies showed 
statistically significant differences of 
corneal endothelial cell densities between 
genders [15,21], but others did not find 
statistically significant differences of 
corneal endothelial cell densities between 
genders [14,19,22]. Previous studies rep-
orted that males have thicker central 
corneas than females [23,24] other studies 
did not find such a difference [25,26]. 
The results revealed that significant 
differences were not noted in corneal 
endothelial cell density and morphology 
and central corneal thickness between 
males and females within ethnic groups 
and that strongly support our study. 

 
5. Conclusion 
Specular microscopy can provide a non invasive morphologic analysis of the corneal 
endothelial cell layer from subjects enrolled in clinical trials.  
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