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Aim: Examination of the retinal vasculature provides us with much information 
about the relationship between vascular morphological changes and various sys-
temic diseases that affect the eye and other systems and organs of the human 
body [1]. Several parameters are included in the changes suffered by the retinal 
vessels, such as the change in vascular caliber and the tortuosity of the vessels, 
among others [2]. Our objective is to study the diameters of the retinal blood 
vessels and their tortuosity, normally not measured, and to establish relationships 
between the findings in pathological retinas. 

Experimental method: In this study, 45 retinas classified as healthy retinas, dia-
betic retinopathy (DR) and glaucoma (15 images in each group) were analyzed. 
Using the ARIA algorithm described in [3], the diameters of the retinal vessels 
were calculated. A MATLAB software program was developed to process these da-
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ta and obtain the diameters of each detected vessel and calculate its tortuosity [4]. 
The joint probability distribution of the diameters and tortuosity were then cal-
culated and their correlations between the different groups were analyzed (Pear-
son correlation R). All the images come from the same database captured with 
the same retinograph using a Canon CF-60 UVi mydriatic fundus camera [5]. 
The degree of pathology for each retina was quantified from previous authors’ 
studies on the same images, based on vasculature complexity [6].

 
 

 

 
  

FIGURE 1. Mean probability distributions of the diameters and tortuosity.

Results: The joint probability density of diameters and tortuosity changes appre-
ciably between healthy and glaucoma retinas, showing a decrease in both mean 
diameter and tortuosity for glaucoma. The changes are less appreciable for DR 
(see Figure 1), except in advanced stages. The control group only shows a sig-
nificant (p<0.05) positive correlation for 13% of the cases (R = 0.20; p =0.0235), 
increasing to 26% in DR (R = 0.32; p = 0.0012) and 40% in the case of glaucoma 
(R = 0.22; p = 0.0183).

Discussion: It has been shown that there is no great correlation between the di-
ameters of the vessels and tortuosity in healthy retinas, while in the case of patho-
logical retinas such as retinas with DR, it has been observed that as the pathology 
progresses (moderate-severe NPDR: non-proliferative Diabetic Retinopathy), 
a positive correlation appears between diameters and tortuosity. In the case of 
glaucoma, the diameters of the vessels decrease and become less tortuous, 
thereby establishing a positive correlation between both, more clearly visible. 
Tortuosity thus appears as an indicator of worsening pathology, appearing more 
commonly in the case of glaucoma. A possible factor that could affect the conclu-
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sions is the duration of the disease when comparing the previous correlations 
between groups.
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