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ABSTRACT 
Early and accurate assessment of peripheral arterial disease (PAD) is crucial given its fatal 
complications such as amputation. Infrared thermography (IRT) offers various advantages in 
studying PAD. This study aims to map the use of Infrared thermography in detecting 
Peripheral Arterial Disease in diabetic feet. This review applies the scoping review method to 
review the literature related to Infrared thermography in detecting vascular disorders in 
diabetic legs. Article searches are conducted on five databases, namely Google Scholar, 
PubMed, EBSCO, ScienceDirect, and ProQuest. The Boolean keywords and codes used are 
"Infrared Thermography" AND "Diabetic foot" AND "Peripheral Arterial Disease". Searches 
are limited to articles published between 2018 and 2024. The journal selection process 
follows PRISMA's guidelines. The search process yielded 1,969 article titles relevant to the 
keywords and Boolean operators used. After being selected based on the research topic, 8 
articles were left for analysis. IRT can be a useful tool for detecting PAD in diabetic foot. IRT 
can help track the progression of PAD and classify the foot as PAD without or prone with high 
accuracy 
 
Keywords: Infrared thermography, Peripheral arterial disease, Diabetic Foot. 

 
INTRODUCTION 

Diabetic foot is a chronic serious complication that often occurs in people with diabetes 
mellitus (DM) (Altoijry et al., 2021). These complications can develop into a variety of more 
severe health problems, one of which is Peripheral Arterial Disease (PAD) (Azhar et al., 2023).  
PAD is one of the most feared complications of diabetes in diabetic foot cases (Tresierra-Ayala 
&; García Rojas, 2017). This is because PAD can increase the risk of injury and amputation of 
the foot (Normahani et al., 2018). The risk of amputation in diabetic patients with PAD is 15-
20 times higher compared to diabetic patients without PAD (McGinigle & Minc, 2021). The 
prevalence of PAD in diabetics is estimated to reach 3-4 times compared to people who do 
not have diabetes (Chun et al., 2019). Global data shows that the prevalence of PAD reaches 
202 million people (Akalu &; Birhan, 2020), and 12% of adults in the world have PAD 
(Noumegni et al., 2021). The high prevalence of PAD in people with diabetes is a serious 
concern for the world of health (Zou et al., 2022).  
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Early and accurate assessment of PAD disease is crucial given its fatal complications, 
such as amputation (Banik et al., 2020). Some non-invasive tools can be used to determine 
the severity of the disease and assess the affected blood vessels (Ilo et al., 2020). Conventional 
methods for diagnosing PAD such as Ankle-Brachial Index (ABI), treadmill tests, and 
ultrasonography have significant limitations (Crepaldi et al., 2023). Some methods cause 
discomfort to the patient (Altoijry et al., 2021). Procedures such as treadmill tests are also 
time-consuming, which can add to the burden on patients and the health system (Zenunaj et 
al., 2021). 

Infrared thermography (IRT) exists as a non-invasive method that offers various 
advantages in assessing PAD (Ilo et al., 2020).  IRT works by capturing heat radiation emitted 
by the surface of the skin of the foot (Crepaldi et al., 2023). Infrared sensors on IRT cameras 
convert this radiation into temperature, producing thermal images that show the distribution 
of heat in the legs (Chatchawan et al., 2018). Cooler areas in this image may indicate reduced 
blood flow due to PAD (Carlos Padierna et al., 2020). IRT involves no radiation or physical 
contact, as well as speed and ease in examination and allows for rapid evaluation of PAD-
related energy beams (Ilo et al., 2019). However, despite its potential, scientific evidence on 
the use of IRT to diagnose PAD in diabetes is mixed and warrants further study (Crepaldi et 
al., 2023). This study aims to map the use of Infrared thermography in detecting Peripheral 
Arterial Disease on diabetic foot. 
 
RESERCH METHOD 

This study used the scoping review method to map and synthesize scientific evidence 
related to IRT in detecting vascular disorders in diabetic legs. The article selection process 
follows the PRISMA diagram and is tailored to the research objectives. Article searches are 
conducted on five databases, namely Google Scholar, PubMed, EBSCO, ScienceDirect, and 
ProQuest. Keywords and Boolean operators ("AND" and "OR") are used to narrow the search 
and find relevant articles. The Boolean keywords and codes used are "Infrared 
Thermography" AND "Diabetic foot" AND " Peripheral Arterial Disease ". Article search is 
limited to 2018-2024. The following table 1 explains the inclusion and exclusion criteria used 
to select articles. 

 
Table 1. Inclusion and exclusion criteria 

 

Selection Criteria Inclusion Criteria Exclusion Criteria 

Language English In addition to English 

Respondents Diabetes Mellitus 
Patients 

In addition to Diabetes 
Mellitus Patients 

Year 2018-2024 Under 2018 

Types of Studies 1. Quantitative research 
2. Qualitative research 

1. Thesis 
2. Thesis  
3. Dissertation 
4. News articles 
5. Case study 
6. Conference abstract 
7. Unpublished primary studies 
8. Reviews 
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Topic Use of IRT in detecting 
PAD in diabetic foot 

In addition to the use of IRT 
in detecting PAD in diabetic 
feet 

Availability Full text Non-Full text 

 
RESULTS AND DISCUSSION 

The search process yielded 1969 article titles relevant to the keywords and Boolean 
operators used. A total of 1 article was found on EBSCO, 50 articles on PubMed, 39 articles 
on ScienceDirect, 99 articles on ProQuest, and 1780 articles on Google Scholar. After being 
selected based on the research topic, 8 articles were left for analysis (Figure 1). One study had 
a cross-sectional design, three studies with an observational design and four other studies 
used an experimental design (Table 2). Five studies evaluated the diagnostic potential of IRT 
in assessing PAD (Ilo et al., 2019; Ilo et al., 2020; Carabott et al., 2021; Zenunaj et al., 2021;  
Crepaldi et al., 2023), one study analyzed relevant features extracted from images to build a 
PAD Classification model (Carlos Padierna et al., 2020), and two studies identified an 
association between foot temperature and peripheral artery disease in type 2 diabetes 
patients (Gatt et al., 2018; Antônio de Carvalho Abreu et al., 2022). 

Seven studies used IRT Flir with the type (Ilo et al., 2019; Ilo et al., 2020; Carabott et al., 
2021; Zenunaj et al., 2021; Gatt et al., 2018; Antônio de Carvalho Abreu et al., 2022; Crepaldi 
et al., 2023), and one study with the Xenics Goby 640 GigE Infrared camera (Carlos Padierna 
et al., 2020). From 8 room temperature studies to take foot temperature taken between 21-
25 oC and temperature capture distance using IRT ranges from 80-150 cm from the foot. The 
findings of the journal are presented in Table 2. 
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Figure 1.  PRISMA flowchart article search process 
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Table 2. Journal findings 
 

Autho
r/Yea
r 

Purpose Respond
ents 

Design Findings 

Ilo et 
al., 

(2019
) 

Evaluate the potential 
of IRT in assessing 

vascular disorders in 
diabetic foot compared 

to conventional 
noninvasive 

measurements. 

DM 
patients 
(n = 118) 

and 
healthy 
control 

group (n 
= 93) 

Experiment IRT can reveal differences 
in local temperature, 

dappled color, and higher 
average temperature in 

high-risk diabetic feet with 
vascular disorders of 

diabetic feet. 

Carlos 
Padie
rna et 

al., 
(2020

). 

Analyze relevant 
features extracted 

from IRT images of the 
upper side of the foot 
and toes and build a 

Support Vector 
Classification model to 

classify PAD. 

DM 
group (n 
= 23) and 
control 

group (n 
= 20). 

Experiment Patients with diabetes and 
PAD showed lower energy 
intensity than the control 

group, showing a 
significant difference. 

Ilo et 
al., 

(2020
) 

Evaluate the clinical 
diagnostic potential of 

IRT compared to 
conventional 
noninvasive 

measurements for PAD 

93 
healthy 
control 
patients 
and 164 

PAD 
patients 

experiment IRT is effective in 
distinguishing 

temperature differences 
between feet and can be 

useful diagnostically. 

Carab
ott et 

al., 
(2021

) 

Analyze differences in 
temperature changes 
in patients with and 
without PAD in the 

T2DM population using 
the angiosome 

concept. 

The 
number 

of 
samples 
was not 

mentione
d but 

participa
nts were 
categoriz
ed in no 

PAD, 
mild PAD 
or heavy 

PAD 
group. 

Experiment Patients with PAD exhibit 
much higher forelimb 

temperatures, according 
to the angiosome concept.  

Foot elevation does not 
significantly affect the 

thermal pattern 
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Zenun
aj et 
al., 

(2021
) 

Evaluate the usefulness 
of IRT as a diagnostic 

tool to assess the 
severity of peripheral 

artery disease in 
patients with PAD 

undergoing 
Infrafemoral 
endovascular 

revascularization 
procedures. 

The 
number 

of 
samples 
was not 

mentione
d but 

responde
nts were 

taken 
from 
2020-

2021 in 
PAD 

patients 

Observation
al 

IRT can be a valuable tool 
in evaluating the clinical 

presentation and severity 
of blood perfusion in the 
legs of symptomatic PAD 

patients, as well as in 
evaluating the technical 
success of endovascular 

revascularization. 

Gatt 
et al., 
(2018

) 

Identify the 
relationship between 

higher temperatures in 
the front of the foot 

and PAD in type 2 
diabetes patients, and 

to explore the potential 
use of infrared 

thermography as a 
non-invasive tool in 
early detection and 

monitoring of 
peripheral artery 

disease in diabetic 
patients 

223 DM 
patients 

Observation
al 

There was a significant 
difference in front leg 

temperature between the 
group of participants with 

type 2 diabetes and 
peripheral artery disease 
(DM+PAD) compared to 
the group of participants 

with type 2 diabetes 
alone. Participants with 
DM+PAD showed higher 

temperatures at the front 
of the feet compared to 
participants with type 2 

diabetes alone. 

Antôn
io de 

Carval
ho 

Abreu 
et al., 
(2022

) 

evaluate the 
correlation between 

ABI and IRT 
photography in 

patients with PAD 

52 high-
risk 

patients 
with PAD 

Cross 
sectional 

There is a strong 
correlation between ABI 
and IRT photography in 

patients with non-calcified 
arteries. 

Crepa
ldi et 
al., 

(2023
) 

Assess changes in foot 
temperature using IRT 
before and after the 

exercise program, and 
to check if there are 

gender differences in 
response to the 

exercise program 

76 PAD 
patients 

Observation
al 

A structured low-intensity 
exercise program 

significantly increased leg 
temperature and exercise 

capacity without any 
difference related to 

gender. 
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This literature review found eight studies exploring the use of IRT to detect PAD in 
diabetic foot. Five studies evaluated the diagnostic potential of IRT in assessing PAD (Ilo et al., 
2019; Ilo et al., 2020; Carabott et al., 2021; Zenunaj et al., 2021; Crepaldi et al., 2023), one 
study analyzed relevant features extracted from images to build a PAD classification model 
(Carlos Padierna et al., 2020), and two studies identified an association between foot 
temperature and PAD in type 2 diabetes patients (Gatt et al., 2018; Antônio de Carvalho Abreu 
et al., 2022). These findings suggest that IRT may be a useful tool for detecting PAD in diabetic 
foot. 

Study Ilo et al., (2020) IRT is effective in distinguishing temperature differences between 
feet and can be diagnostically useful. The study showed that the difference in skin 
temperature between the legs was greater in the PAD group compared to healthy controls, 
suggesting the potential for IRT to detect asymmetric temperature patterns associated with 
PAD (Ilo et al., 2020). The findings of Ilo et al., (2019) also show that IRT can reveal differences 
in local temperature, mottled color, and higher average temperature in high-risk diabetic feet 
with vascular disorders in diabetic feet (Ilo et al., 2019). In addition, IRT can also reveal 
temperature differences between angiosome areas, subclinical infections, and areas of high 
pressure in the feet of diabetics (Ilo et al., 2019). This suggests that IRT has potential as a non-
invasive diagnostic tool that can be used to evaluate angiosome disorders in the feet of 
diabetic patients (Ilo et al., 2019). 

Study Carabott et al., (2021) Patients with PAD have much higher forefoot 
temperatures, according to the angiosome concept.  By monitoring temperature changes in 
the lower extremities over time, thermography can help track the progression of PAD and 
assess response to treatment interventions (Carabott et al., 2021). A temperature difference 
greater than a certain threshold may indicate a pathological process in the legs (Carabott et 
al., 2021). 

Findings (Zenunaj et al., 2021) IRT can be a valuable tool in evaluating the clinical 
presentation and severity of blood perfusion in the legs of symptomatic PAD patients, as well 
as in evaluating the technical success of endovascular revascularization. Infrared 
Thermography (IRT) shows a significant difference in skin temperature between the 
symptomatic limb and the contralateral limb, with an average temperature difference of 
1.7°C (Zenunaj et al., 2021). The technical success rate of the revascularization procedure is 
100%, with a significant increase in temperature across the foot points analyzed (Zenunaj et 
al., 2021). IRT is considered a safe, reliable, and simple application, providing valuable insights 
into the clinical presentation and severity of leg blood perfusion in symptomatic PAD patients 
(Zenunaj et al., 2021). 

Findings (Crepaldi et al., 2023) It was shown that a structured low-intensity exercise 
program significantly increased leg temperature and exercise capacity without any 
differences related to gender. IRT allows rapid evaluation of radiation energy from the 
patient's body and is safe for the patient. IRT has been used to diagnose lateral PAD, with 
significant changes occurring after 5 weeks of training (Crepaldi et al., 2023). After a 
structured exercise program at home, the foot temperature in both legs showed a significant 
upward trend. There is an average variation of 1.3°C for the more severely impaired limb and 
0.9°C for the contra limb.  

Findings Antônio de Carvalho Abreu et al., (2022) showed a strong correlation between 
ankle-arm index (ABI) and photographic temography in patients with non-calcified arteries. 
Study Antônio de Carvalho Abreu et al., (2022) also found that photographic temography can 
be a promising method for the evaluation of peripheral artery disease (PAD) especially in 
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cases where ABI is unreliable due to calcified arteries (Antônio de Carvalho Abreu et al., 2022). 
Findings  (Gatt et al., 2018) found a significant difference in front leg temperature between 
the group of participants with type 2 diabetes and peripheral artery disease (DM+PAD) 
compared to the group of participants with type 2 diabetes alone (Gatt et al., 2018). 
Participants with DM+PAD showed higher temperatures at the front of the feet compared to 
participants with type 2 diabetes alone (Gatt et al., 2018). 

Study Carlos Padierna et al., (2020) shows that representative infrared thermography 
photography can effectively classify the foot as a foot without or prone to PAD. The 
classification method for PAD in patients with type 2 diabetes using IRT and machine learning 
showed 92.64% accuracy, 91.80% sensitivity, and 93.59% specificity (Carlos Padierna et al., 
2020). The method is considered effective and has the potential to be a useful tool in 
identifying PAD in diabetic patients (Carlos Padierna et al., 2020). Research Carlos Padierna et 
al., (2020) also showed that diabetic patients with peripheral artery disease (PAD) had lower 
energy intensity than the control group in the 12 features analyzed. This shows that the use 
of infrared thermography can distinguish between normal or risky cases of PAD with high 
accuracy (Carlos Padierna et al., 2020). 
 
CONCLUSION  

A review of the literature suggests that IRT can be a useful tool for detecting PAD in 
diabetic foot. IRT can help track the progression of PAD, assess response to treatment, and 
evaluate the clinical presentation and severity of blood perfusion. IRT can also classify feet as 
feet without or prone to PAD with high accuracy. The researcher would like to thank the 
support from BPPM Faculty of Health Sciences, Universitas Brawijaya through the PI Grant 
scheme (reference number 5761/UN10.F17/PT.01.03/2023). The researcher would also like 
to thank Lavalette Hospital Malang City. 
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