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Abstract 

 

Diabetic foot is one of the most devastating consequences related to diabetes. It is 

relevant because of its incidence and the elevated percentage of amputations and deaths 

that the disease implies. Given the fact that the existing tests and laboratories designed 

to diagnose it are limited and expensive, the most common evaluation is still based on 

signs and symptoms. This means that the specialist completes a questionnaire based 

solely on observation and an invasive wound measurement. Using the questionnaire, 

the physician issues a diagnosis. In this sense, the diagnosi relies only on the criteria 

and the specialists’ experience. For some variables such as the lesions area or their 

location, this dependency is not acceptable. Currently bio-engineering has played a key 
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role on the diagnose of different chronic degenerative diseases. A timely diagnose has 

proven to be the best tool against diabetic foot. The diabetic’s foot clinical evaluation, 

increases the possibility to identify risks and further complications. The main goal of 

this paper is to present the development of an algorithm based on digital image 

processing techniques, which enables to optimize the results on the diabetic’s foot 

lesion evaluation. Using advanced techniques for object segmentation and adjusting the 

sensibility parameter, allows the correlation between the algorithm’s identified wounds 

and those observed by the physician. Using the developed algorithm it is possible to 

identify and asses the wounds, their size,  and location, in a non-invasive way. 

 
Keywords:   Digital image processing;  Diabetic foot;  Medical image segmentation;   

                    Biomedics 
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1.- INTRODUCTION 
 

Worldwide, there are 422 million adults diagnosed as diabetics (Diabetes mellitus), one out 

of 11 adults, 46.5% ignore their condition. It is estimated that by 2040 there will be 642 

millions with 5.1 million deaths directly related to Diabetes [IDF: Diabetes atlas 2012]; 

Mexico has 11.5 million  diabetics, holding the 6th worldwide position [Gutierrez et al., 

2012]. $673 billion US dollars are spent every year as a consequence of Diabetes and its 

complications; for Mexico, it represents spending more than $19 billion US dollars 

(treatment, complications, and early dead). Considering that $100 US dollars are invested in 

health, $15 are used to treat and attend the diseases’ complications [Pecoraro et al. 1990]. 

There has been a dramatic increase on Diabetes prevalence that has caused an inevitable rise 

on its complications being the diabetic foot the main trigger of morbidity and mortality, 

hospitalisation, and socioeconomic problems amongst diabetic patients[Singh et al., 2005]. 

Between 15-25% of those diagnosed will develop a foot ulcer[Boulton 2005], it is estimated 

a 2% anual incidence of the diabetic foot [Alvin 2005], with a 4-10% prevalence [IWGDF 

2003]. The World Health Organisation (WHO) defines it as: ―…a syndrome, where an ulcer, 

infection and or foot’s gangrene, that is associated to a diabetic neurophaty and different 

deegres of peripheral vascular disease, as a result of a complex interaction between different 

inducen factors due to a sustained hyperglycemia…‖[Exposito et al., 2003]; according to the 

International Working Group on the Diabetic Foot (IWGDF), it can be defined as : ―… the 

infection, ulceration or foot tissue destruction related to the neuropathy and -or a different 

magnitude peripheral arterial disease on the diabetic's lower limbs…‖[Hinchliffe et al. 

2012]; several authors using PUBMED define it as: ―… a clinical alteration syndrome with 

an etiopathogenic neuropathy based and induced by a sustained hyperglycemia, that with or 

without ischemia coexistence, and prior to a traumatic trigger, produces a lesion and-or a 

foot ulceration…‖[Martinez et al., 2007; Schaper et al.,2011; Armstrong et al., 1998]. The 

most common etiology components are: neuropathy 45-60%, ischemia 10-15%, and neuro-

ischemic 25-45% [Moulik et al., 2003; Oyibo et al., 2001; Dyck et al., 1999]; between 60-

70% of diabetics will develop a peripheral diabetic neuropathy (neuro motor, sensitive, 

autonomous) [Bongaerts et al., 2013], where 90% would not know their existence [Ndip and 

Jude 2009], it is complicated due to a minor external trauma (shoe) 77%, a callus 30%, 

biomechanic abnormalities 63%, edema 37% [ Rice et al. 2014]. The sanitary attention given 

to diabetics suffering from diabetic foot double the health expenditure, compared to those 

who are only diagnosed as diabetic. Within our environment, there is no certainty on the 

amount of money spent. However in the U.S.A, it is estimated that between $5,000-$28,000 

US dollars, per episode, are spent every year [Stockl et al., 2004]], this means 3-6 months of 

a patient’s income to take care of the lesions [Cavanagh et al., 2012]]. Healing  a diabetic’s 

foot wounds, requires an estimated of 147 days for finger's lesions, 188 for the middle foot, 

and 237 for the heel [Pickwell et al., 2013]]. There are several predisposing risk factors for a 

patient suffering form foot ulcers and gangrene, being the amputation the most expensive 

and dreaded. Fearing an amputation is justified considering that every 20 seconds a foot is 

amputated due to diabetes [ Boulton et al.,2005; Rice et al. 2014], it is 10 to 30 times more 

frequent than that for the general population [Trautner et al. 2002]. An ulcer is the most 



ISSSD 2016 
September 24 to 28

th
, 2016.  Tuxtla Gutiérrez, Chiapas. México. 

_________________________________________________________________________________________________ 

174 
Proccedings of the ISSSD 2016                                                                                                                                 Vol. 2 

common amputation’s precursor and it has been identified as a component on 85% of the 

lower lima amputations [Armstrong and Lavery 1997], it represents 40-60% of non-

traumatic hospitable amputations [ Singh et al., 2005], moreover, 50% of the foot ulcers will 

be infected and end up amputated [Lavery et al., 2006]. More than half of the patients 

suffering from heel’s osteomyelitis  will suffer a supracondylar amputation [Faglia et al., 

2013]. Mexico’s Health Department (Secretaría de Salud de México), reports an average of 

78 daily amputations, during 2013 more than 75 thousand non-traumatic lower limb 

amputations occured [AR GC 2014]. The cost of the diabetic’s ulcers  is five times higher 

than that of the most expensive forms of cancer [ Barshes et al., 2014].   

 

The 5 year mortality rate associated with the diabetic foot syndrome is similar to that of 

breast, prostate, or colon cancer [Armstrong et al., 2007]. Those ulcers are associated with a 

high mortality rate which is 45% for neuropathic ulcers, 18% neuroischemic, and 55% 

ischemic; the survival rate after 2 years of being amputated is just above 50%. After two 

years from the amputation a new one will occur, that of the contralateral limb [Apelqvist and 

Larsson 1993], 50% of the amputees will die within the next 5 years [ Moulik et al., 2003]. 

Having a wound doubles the possibilities of dying within 10 years compared with a non-

diabetic [Lynn 204]. A third of patients that require ischemic wound treatment die without 

scaring over [Oyubo et al., 2001]. It has been proven that the inclusion of ulcer diabetic 

patients on mutidisciplinary limb salvage programs, reduces hospitalization stay and ulcer 

reappearence from 45% to 37%,  as well as 75% of the possibilities of amputation [Gibson 

and Green 2013], reducing 4 times the patient’s mortality rate [ Association A 2010; O'Loughlin 

et al. 2010]. By investing $1US dollar on such multidisciplinary programs, $27-51 dollars are 

saved on medical attention [Begg 2015].  

 

There is not a single definition about diabetic foot neither a standard classification, it can be 

considered as a static concept not frequently up to date; the diabetic foot is changing, 

seasonal and multifaceted [ Martinez 2010]; an adequate ulcer treatment requires a clear and 

descriptive classification system to allow the researcher as well as the proper medical 

treatment for each wound besides allowing a certain extent to predict and provide an 

individual prognosis [De la Torre et al., 2012].  

 

Using advanced techniques for object segmentation and adjusting the sensibility parameter, 

allows the correlation between the algorithm’s identified wounds and those observed by the 

physician. Using the developed algorithm it is possible to identify and asses the wounds, 

their size, location, in a non-invasive way. 
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2.- MATERIALS AND METHODS 
 

The DIP’s (Digital Image Processing) raw material are digital images considered as visual 

representations of the physical world, obtained through a process that involves electronic 

means for sampling, quantification and coding. One image might be defined as a 

bidimensional function that quantifies the light intensity for each one of its points. During 

the last couple of years DIP has been widely used in Medicine, Biology, Physics and 

Engineering. Through DIP is possible to manipulate by computer to obtain objective 

information from the scene captured  by a camera. [Cuevas 2010] 

 

2.1.- Algorithm Development  

 

The images used for the trial were taken at the Centro Integral en Diabetes, the capture 

protocol was designed based on specific characteristics, technology used and the patient’s 

physical environment. The capture protocol does not standardize the camera’s resolution so 

images may vary. Therefore, the image has to be redimensioned to a  640 x 480 pixels size 

because of its convinience to keep the necessary information and the desired chracteristics. 

 

The second step corresponds to the RGB space conversion to HSV. Because of this 

transformation three components are obtained: H,S,V; only the S (saturation) component, as 

explained on the previous chapter, corresponds to color pureness. Because of this 

characteristic a better wound segmentation can be performed, as a consequence of blood and 

aired tissue, it is pure red. [Forsyth 2012] 

 

As a consequence of the previous step, a  grayscale image shows the lighter saturated areas 

and the least saturated areas are darker. However, it is more useful an image where the most 

saturated areas, corresponding to the wounds, are darker so an image inversion is justified. 

[Gauch 1999] 

 

 

It is important to filter the image to reduce drastic intensity changes on the wounds. After 

inverting the image, size 3 median filters were applied to eliminate the present aisolated 

points so the components become relevant; the next step was to  fill holes that were 

generated as a consequence of the morphological operations throught the Filling Holes 

(Matlab) algorithm. The regions were labeled using the Haralick algorithm (1992) to obtain 

a preliminary identification to define the objects’ geometrical properties, area, mass center, 

excentricity and solidity. These are obtained through defined momentum calculus [Kilian 

2001] for the functions grayscale values f (x,y)  within an object. 

 

mp,q = xpyq f (x, y)òò         (1) 
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These moments are defined considering the function’s value 
f x, y( )

  where x and y 

represent the spatial coordinates and f at any point are equivalent to  p x, y( )  which is the 

object’s density in space when the moment is zero order, meaning,  m0,0  and the object’s 

area is defined as: 

 

 

A=m0,0       (2) 

 

These moments are defined considering the function’s value  
f x, y( )

where x and y 

represent the spatial coordinates and f at any point are equivalent to p x, y( )   which is the 

object’s density in space when the moment is zero order, meaning, m0,0   and the object’s 

area is defined as: 

 

xc =
m1,0

A
=
m1,0

m0,0       (3) 

yc =
m0,1

A
=
m0,1

m0,0
 

 

In the same way, from the structural moments the roundness coefficient can be defined  

and the eccentricity  , both are used to consider an object’s roundness, taking into account 

that we calculated the area to obtain the object’s roundness dividing the perimeter and the 

area. [Kilian, 2001] 

 

k =
p2

A       (4) 

 

Since the circle has the maximum area, the roundness is given by 

 

k =
p2

2pA
      (5) 

 

 

The eccentricity e has values from 0 to 1 where 0 is a perfect circle and 1 is a line so it is 

defined for a semi-circle 
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e =
a2 -b2

a
       (6) 

 

Where a is the semi major axis and b is the semi minor axis. The coefficient might be 

directly determined from the second-order central moments, therefore [Xiaoli et al., 2015] 

 

 

e =
m2,0 -m0,2( )

2
- 4m20,2

m2,0 -m0,2( )
2

    (7) 

 
 

Where m2,0 y m0,2  are the second-order central moments on any object within the image to 

implement a contour model through a Point-Based Snake equation [AuraConci et al., 2015] 

 

 

E(C(s))= W Econtour (C(s))+Eimage(C(s)){ }dsò  (8) 

 

Once that the programming and design parts of the methodology concluded, it is important 

to look for the main characteristics, within them we will use some other such as frontiers  

versus region, invariant to scale, translation to rotation. Describers: area and weight, 

perimeter,  compactness, gravity center. For this equation the Papoulis’ unicity theorem was 

implemented. [Solis et al., 2011] 

 

Moments: 

 

mpq(i)=
x=1

N

å
y=1

M

å = xp ·yp ·gi x, y( )
   (9) 

 

 

Invariants to  traslations: 

  

mpq(i)=
x=1

N

å
y=1

M

å = x· x̂i( )
p
· y· ŷi( )

q
·gi x, y( )

 (10) 

 

 

To scales (central): 

 

upq =
mcpq

m00
      (11) 
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The following diagram demonstrates the form in which the algorithm was designed and 

implemented. 

 

 
 

Figure 1.- Algorithm diagram. 

 

A fundamental decision when implementing an algorithm is the technology to be used. 

There are multiple languages and tools for digital image processing. Some examples are 

OpenCV (to be used with a C language), ImajeJ (to be used with Java) and MatLAB (with 

its own language).  

 

On the contrary, the use of MatLAB has become increasingly popular to the extent that it is 

the environment par excellence for programming and the fast applications development for 

several scientific disciplines, including image processing. .  
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3.- RESULTS AND DISCUSSION 
 

During the first stage three main processes are performed: redimension, color spatial 

conversion, filtered and delimitation of the regions of interest. Before considering image 

manipulation, it is important to remember that: the protocol does not standardize the 

camera’s resolution so the images may vary. The space, color, and filter, conversion 

processes require more time to perform the adequate calculus if the image size increases. To 

begin with, considering the previous information, the image is redimensioned to a 640x480 

pixels, the size is convenient because it keeps the necessary information to obtain the desired 

characteristics. 

 

 
 

 

Figure 2.- a) Original image resized, b) S components (Saturation in the HSV model), c) 

investment b), d) smoothing filter on c), e) polygon selection of regions of interest f) interest 

areas defined on a black background. 

 

 

The segmentación stage is the biggest challenge of the process. The existing literature 

suggests several methods for segmentation to apply to image processing, choosing the  most 

adequate depends on the specific nature of the images to be processed and the desired 

application [Solis et al., 2009]. 
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Figure 3.- a)  Gradiente image, b) Watershed transformation over a), and c) minimal regions 

on a) 

 

 

To avoid over-segmentation it is necessary to use markers. Using this method allows finding 

a set of inner markers corresponding to the pixels that belong to the object of interest; and 

using a set of external markers that belong to the background. To find the image’s internal 

markers the minimal regions are grouped but only those whose value is  found below a 

determined height umbral, which is defined at 50 by defect. 

 

 

 

Figure 4. a) Markers, b) distance transformation from a), c) external markers, d)   image 

modification through minimum imposition gradient, e) Watershed transformation from e), 

and f) segmented image Point-Based Snake. 

 

At this stage, the object’s labeling and property calculus begins. The labelling allows 

differentiating objects from each other. Having done this, it is possible to easily obtain a 
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wide range of properties form each object, such as: perimeter, area, eccentricity, solidity, 

orientation, amongst other. For this paper, 3 characteristics are the most important: contour, 

area, and centroid. [Xiaoli et al., 2015] 

 

Considering the trial images where the algorithm was applied, we observed that, in every 

case, the wound’s detection is successful and the quality is acceptable, due to the adjusting 

parameter that allows us to vary the sensibility until achieving the desired result. In some 

cases, the detected contour may differ from the wound’s limits as a consequence of a 

softening treatment performed while filtering. . [Solis et al., 2011] 

 

 

Figure 5.- a) Growth of the bottom, b) binarizing a) with a threshold of 254, c) removal of 

unwanted objects, d) filling the desired objects. 

 

 

The lession’s area depends on their detection, the higher the detection’s quality the smaller 

the error.  It is important to remember that an error is present on the images, this is due to the 

fact that the background is farther from the camera than the wounds, the measures of 

reference are tos in the back. However, the error can be discarded since all the images 

present it. 
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Figure 6.- a) Original image, b) results of the detection and evaluation of the wounds using 

the   default parameters, and c) result of the detection and evaluation of the wounds after 

adjusting the algorithm’s sensibility. 

 

 

While the contour and the centroid of the objects are directly shown as a graphic, the 

object’s area is obtained from the number of pixels that make them. However, the amount of 

pixels, as such, is not a representative measure for the phisician.  Because of this situation a 

conversion is required, from pixels units to square centimeters.  

 

The results are presented in another image just like the original but after drawing the 

centroids and contours (figure 6). The image might be opened through a new one to verify 

the process and-or keep it. 
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4.- CONCLUSIONS 
 

The algorithm starts with a new identification of the objects in the preprocessed image, and 

the identification of the center of gravity, area, eccentricity and solidity of each object 

present in the image, with this properties it is possible a new classification. Based on the 

moments, the image was filtered by area and solidity; in this way the set of samples was 

processed to detect the possible injure. 

 

This paper will provide a new input on the design and development of an algorithm that is 

able to evaluate the diabetic’s foot lesion, it might be a very useful tool for the specialist 

because of the following advantages. It is able to calculate the area and the location of ulcers 

and wounds, as well as many other geometrical characteristics. It permits handling digital 

data and it is a non-invasive method. 

 

Automatically detecting the lesions is not an easy task. There is not a method able to 

recognize them with the same efficacy as the human vision system. This paper attempts to 

detect them in the best possible way. To achieve this, several advanced techniques were used 

for digital image processing and a wide bibliographical research on those techniques. 

 

Considering the paper’s results, we will mention some of the improvements made on the 

developed algorithm, it also includes new functions that might be incorporated: the 

implementation of 3D processing techniques to measure the lesions deepness as well as 

detective abnormalities and foot malformation; exporting images and result to a medical 

image standard for its inclusion into an electronic file, and setting up the evaluations system 

in a virtual server to enable its access from any device. 
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