
ABSTRACT 

Purpose: This study compared corneal endothelial changes in 

morphology and corneal thickness by specular microscopy of two 

groups of type I diabetes with and without diabetic retinopathy 

and were compared to a normal control. 

Subjects and Methods: The study included 45 subjects aged 19-

29 years old as follow, 15 eyes of 15 patients of type I diabetes 

without retinopathy (Group I), 15 eyes of 15 patients of type I 

diabetes with retinopathy (Group II), and 15 eyes of 15 normal 

persons matched with age and sex (Group III). Non-contact 

specular microscope (CEM-530, NIDEK) was used to assess the 

corneal endothelium for endothelial density, coefficient of 

variation in cell size, percentage of hexagonal cells, and central 

thickness of the cornea. 

Results: There were a highly significant decrease in endothelial 

density (P value =0.002), and hexagonal cell percentage (P value 

=0.001) in diabetics comparing to normal control. Highly 

significant increased variation in cell size (P value =0.001), and 

corneal thickness (P value =0.001) were reported in diabetics 

rather than control. Diabetic retinopathy tends to have no impact 

on corneal endothelial morphology as endothelial density, 

variation in cell size, percentage of hexagonal cells, and corneal 

thickness. 

Conclusion: Type I diabetes mellitus was found to affect corneal 

endothelial morphology as decreased endothelial cell density, 

hexagonal cell percentage and increased cell size variability 

impairing the endothelial function leading to increased central 

corneal thickness.  

Keywords: Endothelial cell density (ECD), coefficient of 

variation in cell size (CV), percentage of hexagonal cells (HEX), 

and central thickness of the cornea (CCT). 
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 Introduction  

(1) 

Introduction 

       Type I diabetes is an autoimmune destruction of the 

pancreatic beta cells altering cellular metabolism in the 

body due to insulin deficiency. Its incidence ranges about 

0.2% in children and adolescents. (Misra et al., 2016) (El-

Ziny et al., 2014) 

Long standing diabetes affects ocular metabolism and 

may leads to many complications as cataract, glaucoma, 

diabetic retinopathy. Early detection of corneal endothelial 

dysfunction is important particularly as it affects young 

patients. (Geloneck et al., 2015) 

         Corneal endothelium is formed of non-regenerating 

hexagonal cells which maintain the corneal transparency 

and keep stromal hydration level at 78% of water through 

pumping water from stroma to the aqueous humor. (Benetz 

et al., 1999). 

        Specular microscopy provides a non-invasive method 

of morphological analysis of the corneal endothelium 

which provides an index of the functional status of this 

layer. (Sheng and Bullimore, 2007).  



 Aim of the work 

(2) 

Aim of the work 

Our study aimed to compare changes in corneal 

endothelium by specular microscopy of two groups of type 

I diabetes with and without diabetic retinopathy compared 

to a control group. 



 Review of literature 
 

(3) 

Chapter (1) 

Structure and Function of 

the cornea  

Anatomy 

Cornea is a transparent anterior one-sixth of the outer 

tunic of the eye ball. It is composed of 6 layers from front 

to back: epithelium, bowman’s layer, stroma, dua’s layer, 

descemet’smembrane, and endothelium. (Fig.1) 

 

 

 

Fig. (1): Microscopic layers of Cornea (Harminder and Lana, 

2013) 
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Chapter (1) 

Corneal anatomy : 

Epithelium: 

Non-keratinized, Stratified squamous epithelium, 4–6 

cell layers thick (40–50μm) which is divided 

morphologically into three layers: the superficial squamous 

cell layer, the middle wing cell layer, and the deep basal 

cell layer. The superficial cells form an average of 2-3 

layers of flat cells joined laterally by tight-junctions which 

restrict entry of tears into the intercellular spaces. The most 

superficial cells have apical microvilli characterize their 

cell membranes, which in turn are covered by tear film. The 

tear film of 7 μm thickness is optically important in 

smoothing out micro irregularities of the anterior epithelial 

surface (Ayad and Mark, 2008). 

Wing cells form 2–3 cell layers; Cells are less flat than 

the overlying superficial cells, but possess similar tight, 

lateral, intercellular junctions (Jay et al., 2011). 

The basal cell layer is composed of a single-cell layer 

of columnar epithelium. Basal cells are the only corneal 

epithelial cells capable of mitosis. They are the source of 

both wing and superficial cells, and possess lateral 

intercellular junctions characterized by gap junctions and 

zonulae adherens. The basal cells are attached to the 

underlying basement membrane by an extensive hemi-

desmosomes Fig (2) (Jay et al., 2011). 
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(5) 

Chapter (1) 

 
Fig. (2): Corneal epithelial layer (Myron and Jay, 2014). 

Bowman’s membrane (BM): 

The uppermost part of the corneal stroma, which is an 

acellular, unorganized fibrils of collagen types I, III, V, and 

VI, and is about 8-12 μm thick (Marshall, Konstas, and 

Lee, 1993). 

Stroma: 

The stroma constitutes more than 90% of the corneal 

thickness It is responsible for corneal physical strength, 

stability of shape, and transparency. The uniform 

arrangement and continuous slow turnover of collagen 

fibers in the stroma are essential for corneal transparency 

(Jay et al., 2011). 

Collagen constitutes more than 70% of the dry weight 

of the cornea (Jay et al., 2011). The stromal collagen 

fibrils, which provide the major tensile strength to the 


