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Abstract   

The aim was to apply a predictive diagnostic model(PDM) using thermographic  point measurements(TPM) on 
sole  in diabetics with and  without complications such as peripheral neuropathy (PN), peripheral arterial disease(PAD) 
and foot deformity(FD).This  images study  was a cross-sectional design of diabetics with and without  complications  
respect  9 TPM on sole using a FLIR E60 camera. 288  thermographic images were analysed by binary logistic regression 
model being significant in  hallux ( p=0.04,OR:1.58) , 1st metatarsus(p=0.03,OR:0.49 ), 3rd metatarsus (p=0.02,OR:2.26)  
for FD and 3rd metatarsus ( p=0.02, OR:2.47) for  PN .In conclusion  ,PDM were for  FD and PN. 

1. Introduction 

The diabetic foot is a syndrome clinically characterized in chronic ulcers preceded by factors such as peripheral 
neuropathy, peripheral arterial disease and foot deformity [1]. The identification of the above factors is a priority for primary 
health care and ulcer prevention in diabetics [2].  

Peripheral neuropathy (PN) is anatomical and physiological alteration of distal somatic, sensory and autonomic 
peripheral nerves [3]. Peripheral arterial disease (PAD) is  anatomical and physiological macroscopic alteration of  distal 
arteries of the lower limbs caused by obstruction of their lumen or thickening [4]. Foot deformity (PD) is anatomical and 
biomechanical alteration of skeletal muscle of the foot, and its common presentation are corns, hallux valgus, claw or 
hammertoes, pes cavus or flatfoot [4]. 

 Infrared thermography is a diagnostic imaging methodology that uses  infrared wave emitted by  skin that is then 
transformed into a coloured image to finally be analysed [6]. The use of thermography in the diabetic foot is a feasible, 
non-invasive, accurate, accessible, promising and innovative diagnostic support methodology [7,8].Analysis methodology 
of thermographic imaging  can be performed by computational processes of comparison of symmetry, point-sector 
measurement or combination [9]. 

 Infrared thermography as an innovative diagnostic support methodology, priority of predicting  peripheral 
complications  pathologies and prevention as a primary healthcare intervention avoiding ulcers and amputations were 
arguments to  apply  a predictive model of thermographic measurements  of sole  in diabetic patients with peripheral foot 
complications such as peripheral neuropathy, peripheral arterial disease and deformity. 

2. Material and methods 

This clinical study and biomedical imaging had a cross-sectional design with multiple observational groups of 
diabetics with peripheral foot complications compared to a control group. Independent variables were thermographic 
measurements of hallux plantar zone (P1), 1st metatarsal plantar zone (P2), 3rd metatarsus plantar zone (P3), 5th 
metatarsus plantar zone (P4), heel plantar zone (P5), 2nd to 5th toe plantar zone (P6 to P9 respectively). Dependent 
variables were the clinical status of the diabetic classified in group 1 to 4. Sample population was 304 diabetic patients 
identified with peripheral neuropathy(PN), peripheral arterial disease(PAD) and foot deformity(FD) according to  
International Working Group on Diabetic Foot (IWGDF) in primary healthcare  study that was performed thermographic 
imaging  of  sole , then  these were selected randomly simple and with a minimum of 30 for each group. Four groups had   
following inclusion criteria:  

• Group 1(control): Diabetics without foot deformity, peripheral neuropathy or peripheral arterial disease, 

• Group 2: Diabetics with foot deformity characterized by having only skeletal muscle alterations at least three.  

• Group 3: Diabetics with peripheral neuropathy characterized by alterations in tactile or vibratory sensitivity and /or 
neuropathic pain.      

• Group 4: Diabetics with peripheral arterial disease characterized by arm-ankle index in less than 0.9.  
The analysis unit of sample was feet in each patient evaluated. Biomedical images were acquired by  thermography  after 
their clinical evaluation by photography of soles in dorsal decubitus position on a clinical stretcher conditioned to approach  
soles using a FLIR E60  camera at a distance of 80 to 100 cm perpendicular to  soles( see figure 1) under specific 
adaptation  conditions  15 minutes prior to process according to  American Academy Thermology[10]. Images were then 
analysed using FLIR TOOL software by expert physician considering thermographic measurements at P1 to P9 at ℃. The 
data collection was done with a card validated by experts in diabetic foot and thermography. All patients accepted informed 
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consent, confidentiality of each patient's data was performed, and an ethics committee permission was obtained. The 
statistics have consisted in descriptive and inferential analysis by binary regression model. 

3. Results 

This study evaluated 144 patients which was classified as follows: 41 for group 1, 35 for group 2, 36 for group 3, 
32 for group 4 and their general characteristics are indicated in table 1. The data analysed in total were 288 thermographic 
images corresponding to each sole in each patient for each group with measurements from P1 to P9(see figure 2) and 
these data did not meet  linearity, normality, and homogeneity criteria  for each group. Data were analysed by ANOVA one 
factor considering thermographic  measurements from P1 to P9  in each  groups and Games-Howell test was used. 
Significant results were given only for group 2 in points P2, P4, P5, P8, P9 and for group 3 in points P1 to P9. Group 4 was 
not significant in all points. Then, this study proposed a binary logistic regression model with multiple independent variables 
for  2 and 3 groups  considering all points P1 to P9 due to interaction. Analysis of binary logistic regression for group 2 with 
respect to control found only significance in the measurements from P1 to P3. Predictive model for this case found that for 

every 1 ℃ increased temperature  in P1 there will increase in   58% probability that a diabetic present deformity with respect 

to control,  for every 2 ℃ increased temperature  in P3 there will increase  in  26% probability that a diabetic present 
deformity with respect to control and for every  1 ℃ temperature in P2  there will decreases in  4.9% probability that a 
diabetic present deformity  respect to control. Analysis of binary  logistic regression for group 3 with respect to control 

found that for every 2 ℃ increased temperature in P3 there will increase in  47% probability that a diabetic presents 
peripheral neuropathy more with respect to control, for  more details see Table 3. 

Table 1. General characteristics of 144 diabetics type 2 diagnosed with peripheral foot complications  

characteristic Parameter group 1* (n=41) group 2† (n=35) group 3‡ (n=36) group 4¶ (n=32) 

  n % n % n % n % 

demographic Gender 
feminine 
masculine 

 
19 
22 

 
46,3 
53,7 

 
20 
15 

 
57,1 
42,9 

 
21 
15 

 
58,3 
41,7 

 
22 
10 

 
68,7 
31,3 

Diabetes Diagnostic  
Less than 5 years ago 
5 or more years ago 
Regular control 
Yes 
Not 
Comorbidity 
Yes 
Not 

 
14 
27 
 

36 
4 
 

19 
22 

 
34,1 
65,9 
 
87,7 
12,2 
 
46,3 
53,7 

 
12 
23 
 
31 
4 
 
23 
12 

 
34,3 
65,7 
 
88,6 
11,4 
 
65,7 
34,3 

 
12 
24 
 
26 
10 
 
18 
18 

 
33,3 
66,7 
 
72,2 
27,8 
 
50 
50 

 
10 
22 
 
23 
9 
 
23 
9 

 
31,3 
68,8 
 
71,9 
28,1 
 
71,9 
28,1 

*: without foot deformity or peripheral neuropathy or peripheral arterial disease, †: with foot deformity, ‡: with 
peripheral neuropathy, ¶: with peripheral arterial disease 

 
 
Table 2. Estimated Parameters of Binary Logistic Regression Model for Predicting Diabetics with deformity  
 

α :0.05 B standard 
error 

Wald Sig. Odds 
ratio 

95% CI for   exp(B) 

Inferior Superior 

P1* 0,459 0,227 4,070 0,044 1,582 1,013 2,470 

P2† -0,712 0,326 4,768 0,029 0,491 0,259 0,930 

P3‡ 0,818 0,357 5,245 0,022 2,266 1,125 4,565 

Constant 8,698 2,589 11,289 0,001 5990,642   

*: hallux plantar zone, †: 1st metatarsus plantar zone, ‡: 3rd metatarsus plantar zone. 
 
 

Table 3. Estimated Parameters of Binary Logistic Regression Model for Predicting Diabetics with peripheral 
neuropathy 

 

α :0.05 B standard 
error 

Wald Sig. Odds 
ratio 

95% CI for exp(B) 

Inferior  Superior  

P3* 0,905 0,392 5,326 0,021 2,472   

constant  1,574 2,425 0,421 0,516 4,825 1,146 5,331 

*: 3rd metatarsus plantar zone 
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Figure 1. approach of sole by thermographic imaging in   4 diabetics groups 
 

 
 

Figure 2. thermographic measurements in 9 points on each sole in  4 diabetic groups 

4. Discussion  

The diagnosis of diabetic peripheral foot complications such as  foot deformity(FD), peripheral neuropathy(PN) 
and peripheral arterial disease(PAD) are very important for ulcerative prevention according to IWGDF guidelines[11]. The 
methodology mentioned above uses conventional clinical examination in the context of primary healthcare being a  
dependent operator and limited objectivity[12].The use of infrared thermography as an innovative support to the diagnosis 
of skeletal muscle, neurological and peripheral arterial pathology in diabetics has been positively evidenced in a narrative 
review[13].Plantar zone is a very accessible and easy topographic area to approach in anatomical and physiological 
peripheral skeletal muscle, neurological and arterial structures by thermography[14]. 

The increase in plantar temperature in group 2 (diabetics with FD) with respect to control was not found in a 
similar study for comparison. Explanation about increased temperature over skin areas in greatest plantar support of foot 
is caused by biomechanical stress of gait in deformed foot [15]. 

The increase in plantar temperatures in group 3 (diabetics with PN) with respect to control was found to be similar 
to some studies[16-18].Explanation about increased temperature  is due to peripheral neurological dysfunction caused by 
permanent vasodilatation produced by vasoconstriction deficiency of autonomic motor response[19]. 

These results do not coincide with some studies[20,21] respect to group 4(diabetics with PAD).Increased 
temperature of plantar areas of these studies was because  including  diabetic patients with severe PAD with an index of 
ankle-arm less than 0.6, but this study considered only 2 cases with mentioned index in 32 patients in that group. 
Explanation about increased temperature is similar to neuropathy, but greater time and intensity of vasodilatation is added 
due to total absence of vasoconstriction [19,22]. 

The logistic regression model for prediction of diabetics with PD and diabetics with NP in this study used only the 
measurements of the plantar points. Other factors such as age, ear temperature and body mass index were not considered 
due to their lower precision and greater subjectivity of diagnostic support. The model mentioned to predict FD in diabetics 
was significantly influenced by thermographic measurements from  P1 to P3  in particular for  P1 ; this means  greater 
plantar support in deformity was presented in  medial column of  foot  and this was explained because plantar   support of 
hallux on the  walk [23] . The logistic regression model to predict NP in diabetics in this study was influenced with respect 
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to the control significantly in P3. This would be explained because the mentioned zone is located in the innervation of the 
medial plantar which is the earliest to be affected [24]. 

This study had identified prediction for PD and NP   in diabetics within primary healthcare context that makes it 
very useful as a prevention intervention; there was only one similar study [25] but with diabetics with unclassified peripheral 
complications and secondary healthcare .This study considered a diabetic population with stable conditions in medical and 
metabolic control, minimal concomitant diseases and no ulcers to avoid bias.  

In conclusion, this cross-sectional design study with a predictive diagnostic model in type 2 diabetics found that 
foot deformity was influenced by increases of thermographic measurements in P1 and P3 and reduction in P2, peripheral 
neuropathy was influenced by increases of thermographic measurements in P3 and peripheral arterial disease was not 
influenced by any measurement. These predictive models can be used to perform prevention in foot deformity and 
peripheral neuropathy using thermographic imaging of sole in primary healthcare   and thus avoid diabetic ulcers. 
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