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Abstract: Foot lesions are among the most frequent causes of morbidity and disability in the diabetic 
population. Thus, exploration of means of preventive control are vital for detecting early signs and 
symptoms of this disease, Infrared thermography has been proven effective in the control of diabetic 
foot is among the complementary diagnostic tools available for this disease. The last review on this 
topic was published in 2015 and so, here we conducted a bibliographic review of the main databases 
(PubMed, the Web of Science, Cochrane library, and Scopus) during the third quarter of 2023. We 
aimed to identify the effectiveness of infrared thermography as a diagnostic element in pre-ulcerous 
states in diabetic patients and to detect diabetic foot ulcer complications. We obtained a total of 200 
articles, 22 of which were included in this present review; 17 articles had been published after 2017. 
After analysing the use of infrared thermography in diabetic patients both with and without ulcers, 
as well as in healthy individuals, we concluded that is an effective tool for detecting early-stage 
ulcers in diabetic foot patients.  

Keywords: temperature; skin temperature; wounds; risk foot 
 

1. Introduction 

Foot lesions are among the most frequent causes of morbidity and disability in the population 
with diabetes and are the most common reason for hospital admission and decreased patient quality 
of life. Indeed, there is a 40–70% probability of patients with this disease requiring a lower limb 
amputation [1]. Exploration and preventive control of this pathology are vital to detect early signs 
and symptoms that, in the long term, can promote the appearance of ulcers. This exploration must 
be performed at least once in the absence of risk factors and once every six months if there is any risk 
of ulcers [2]. Therefore, it is especially important to follow a protocol for these patients, in which the 
anamnesis and clinical history play a substantial role. Different complementary telemedical methods 
are available to aid the diagnosis of diabetic foot, of which infrared thermography is one of the most 
important [3]. This technique was first used for military applications at the beginning of the 20th 
century. However, infrared thermography soon transferred to biomedical fields and started being 
used for the non-invasive diagnosis of vascular disease, fever, breast cancer, and in the analysis of 
inflammatory arthritis, osteoarthritis, and other pathologies [4]. 

Infrared thermography is a safe, repeatable, contactless, and non-invasive procedure that 
measures and maps the temperature distribution radiating from body surfaces [5]. An infrared 
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camera identifies and monitors the amount of radiation emitted and translates this value into a 
temperature. These projections allow identification of the heat radiating away from the body [3,6] 
and produce images with specific physiological thermal patterns that can be collected according to 
specific standards, thereby allowing the quality of this technique to increase in the future [6].  

The aim of this systematic review was to define the effectiveness of infrared thermography as 
[1] a diagnosis tool for pre-ulcerous states in patients with type-2 diabetic mellitus and [2] to detect 
ulcer complications in patients with diabetic foot. 

2. Materials and Methods 

Following the preferred reporting items for systematic review and meta-analysis descripts 
(PRISMA) guidelines, we conducted a systematic review of the academic literature on infrared 
thermography as a tool for diagnosing diabetic foot. We followed the population, intervention, 
control, and outcomes (PICO) format (Table 1) to formulate the basis of this research. 

Table 1. PICO research questions. 

P Patient Healthy or diabetic patients with or without ulcers. 
I Intervention Diagnosis of diabetic foot complications. 
C Comparison Use of thermography as a diagnostic tool for complications versus not using this technology.  
O Outcomes Early detection of complications. 

We consulted the Descriptors in Health Science (DeCS) and Medical Subject Headings (MeSH) 
terms to devise the following PubMed search strategy: ((((“Diabetic Foot”[Title/Abstract]) OR 

(diabetic foot[MeSH Terms])) OR ((“Diabetic Neuropathies”[Title/Abstract]) OR (diabetic 

neuropathies[MeSH Terms])))) AND (((“thermal imaging”[Title/Abstract]) OR (differential 

thermal analysis[MeSH Terms])) OR (analyses, differential thermal[MeSH Terms])). The results 
were subsequently summarised in databases, as shown in Table 2.  

Table 2. Bibliographical database search strategy. 

Database Search strategies Data Results Selected 

PubMed 

((((“Diabetic Foot”[Title/Abstract]) OR (diabetic foot[MeSH Terms])) OR 
((“Diabetic Neuropathies”[Title/Abstract]) OR (diabetic neuropathies[MeSH 

Terms])))) AND (((“thermal imaging”[Title/Abstract]) OR (differential thermal 
analysis[MeSH Terms])) OR (analyses, differential thermal[MeSH Terms])) 

Sept 2023 29 11 

WoS 
(“Diabetic Foot” OR “Diabetic Neuropathies”) AND (“thermal imaging” OR 

“differential thermal analysis”) 
Sept 2023 58 73 

Cochrane 
((diabetic foot) OR (neuropathy)) and ((thermal imaging) OR (infrared 

thermography) OR (temperature monitoring) or (infrared image) OR (skin 
temperature) OR (thermal imaging) OR (infrared sensor technology)) 

Sept 2023 19 0 

SCOPUS 

(((diabetic AND foot) OR (neuropathy)) AND ((“thermal imaging”) OR 
(“infrared thermography”) OR (“temperature monitoring”) OR (“infrared 

image”)  OR  (“skin temperature”) OR (“thermal imaging”) OR (“infrared 
sensor technology”))) 

Sept 2023 165 8 

We searched the main health sciences databases including PubMed, the Web of Science (WoS), 
Scopus, and the Cochrane library during the third quarter of 2023. The inclusion criteria were articles 
about infrared thermography conducted in humans with and without diabetes and ulcers, published 
from 2013 to 2023 in English or Spanish. Some publications such as editor’s letters, reviews, 
systematic reviews, meta-analyses, and conference reports were excluded. Of note, no Cochrane 
reviews were included because none met the inclusion criteria. Once the screened publications were 
obtained, we read the publications and reviewed their quality by employing the PEDro scale [7]. 
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3. Results 

Our search strategy obtained a total of 200 publications (28 in PubMed, 56 in the WoS, 16in the 
Cochrane library, and 100 in Scopus). After applying the inclusion criteria, 22 valid citations were 
reviewed, as reflected in the PRISMA flowchart (Figure 1). 

 

Figure 1. PRISMA study selection flowchart. 

All the articles included were quantitative and were assessed according to the PEDRo scale 
which assigned a score of 0 if the criterion is absent and 1 if it is present in the article [8]. The first 
criterion on this scale was not recorded because it considered the external validity of the articles [9].  
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Machin G et al. (2019)            5 
Petrova NL el al. (2018)            5 

Mory T et al. (2013)            4 
 Petrova NL et al. (2020)            8 
Van Netten JJ et al. (2013)            6 

Van Dorelamen RFM et al. (2019)            5 
Aliahmad B et al. (2019)            7 
Kanazawa T et al. (2016)            9 
McDonald A et al. (2019)            8 

Gatt A et al. (2018)            4 
Astasio-Picado A et al. (2018)            5 

Liu C et al. (2015)            4 
Zhou Q et al. (2021)            8 

Ashok BH et al. (2020)            6 
Rai M et al. (2022)            4 

Arteaga-Marrero N et al. (2021)            3 
Hernandez-Contreras DA et al. (2019)            3 

Carabott M et al. (2021)            3 
Van Dorelamen RFM et al. (2020)            5 

Ilo et al. (2019)            5 
Astasio-picado A (2019)            4 
McDonald A et al. (2017)            5 
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4. Discussion 

To assess if infrared thermography was a useful tool for diagnosing pre-ulcerous states and 
detecting the complications of ulcers in diabetic patients, we performed an exhaustive review of the 
relevant available literature. We found elements that made this comparison difficult such as the 
differences in the samples used in each study, including the infrared camera used and protocol 
followed to capture the images. 

Our search highlighted articles that had analysed and compared foot temperature using infrared 
thermography in healthy [10–13] and diabetic patients [14–16,20–25], although other studies had 
directly analyzed both types of patients with other methods [5,14,24–29]. This type of comparison 
had confirmed the difference between the temperature of both groups, registering lower 
temperatures in the healthy group as compared with the diabetic one [3,5,23–26]. However, it is 
important to consider that this technique has the drawback of its high variability. Indeed, studies 
such as those by Machin et al. [10] and Ray et al. [25] observed an increase in plantar temperature in 
healthy patients that could be indicative of the presence of inflammation.  

The previous publication benchmark values in healthy people [10–13] allowed us to define 
standardized results that could be used to refine the methodology to achieve satisfactory results when 
taking samples.  

Studies in diabetic patients have highlighted the fact that thermography can be used to control 
temperature (which is approximately 2 °C higher in infected wounds) to help patients to avoid 
pressure zones, thereby favoring the prevention of lesions and their complications [15]. However, as 
Petrova et al. [14] explained, no temperature differences were observed between patients assessed 
with or without thermography. Therefore, there is insufficient evidence to support the use of 
thermography to prevent complications because the values it detects do not always significantly 
differ from normality.  

Although studies with larger sample sizes are still required, databases such as the one published 
by Hernández-Contreras et al. [27] which contain both healthy and diabetic patient thermograms 
could be created. This database contains 167 patients and so could serve as a useful baseline for the 
comparison of results with those of future studies. Although different types of voluntary subjects 
were included in the different studies considered in this review, these results could be addressed 
together because they all suggest that thermography is a suitable tool to detect foot temperature 
changes. If they are sufficiently early detected, this technology may help to prevent the appearance 
of pre-ulcerous complications and could favour ulcer healing and to avoid infections through early 
treatment [14,24]. 

Even though one of the exclusion criteria for this current work was not being exposed to other 
pathologies that could result in temperature changes, it was very difficult to isolate diabetic foot from 
other pathologies such as peripheral vascular disease because many of these coexist [24,27,28]. 
Indeed, some authors observed that temperatures in the fifth metatarsal and hallux were lower in 
patients with associated pathologies [5,21].  

Furthermore, Mori et al. [13] suggest that temperature distribution patterns must be identified 
by collecting and classifying these images according to maps of heat distribution so that they can be 
compared without relying on the angiosome divisions proposed by other authors [5,13]. An other 
authors suggest that patients with diabetic foot present a significantly higher temperature in the fifth 
metatarsal area and hallux compared to healthy individuals [20,22,26]. These variations represent 
different pattern distributions of temperature. For example, diabetic patients have notably higher 
temperature asymmetry and hot spots on the sole of the foot that indicate a heat increase [10,25]. 
Regardless, the lack of consensus in the use of angiosomes and for temperature distribution patterns 
makes it difficult to generalise the results published up to date.  

Moreover, it is important to highlight the differences in thermographic images from studies 
comparing the affected and contralateral limbs in diseased or healthy patients. According to Van 
Netten et al. [15] there was no difference between the limbs of the same patient, while Macdonald et 
al. [19] or Mori et al. [13] suggested that intra-patient variability is comparable with that of other 
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patients, with a difference of up to 2 °C between both feet. Nonetheless, infrared thermography is the 
most common method used to compare contralateral limbs in these patients [12,14,15,19,22]. The 
work by Gatt et al. [20] indicated that there were differences between patients with or without lesions. 
This increased temperature may be altered in pre-ulcerous states, although once the wound is present 
it is difficult to predict the development of complications using thermography alone, because no 
difference between ulcered and healthy toes of the same foot can be detected.  

Of note, a wide range of different infrared cameras are used for these types of study. In average 
it can be assumed that standard spatial resolution of 320 × 240 pixels [14,20–22,25] conferees a thermal 
resolution up to 0.1 °C [15,19,20,24] to with a temperature range of 0–100 °C [18]. Although the use 
of standard infrared cameras is quite common, some studies have proposed using infrared 
smartphone cameras [18,29] to make this technique even more accessible. Indeed, some studies have 
even proposed merging 3D and thermography images to obtain more realistic results [16].  

However, phone cameras have a lower (160 × 120 pixels) resolution [16,29] and these devices 
cannot obtain specific data like absolute temperature. Despite this limitation, Kanazawa et al. [18] 
suggest that images are obtained much faster and are sufficient for data comparison. In fact, Van 
Doremalen et al. [29] stated that cameras connected to smartphones showed excellent validity for 
studying diabetic foot and therefore, such studies with smartphone cameras should be increased. Of 
note, although working at room temperature, some studies use a black background to dampen the 
influence of light [3,22,24,25,29] because environmental variations can alter the results, as shown by 
Ashok et al. [24].  

As it has been observed during the development of this current study, there are some limitations 
to compare the use of infrared thermography in patients with diabetic foot. First, very few studies 
have individually tackled this technique comparing it with other techniques or in other pathologies 
associated with diabetic foot. Second, a wide range of cameras can be used to record sample images, 
leading to the misconception that accuracy is unreliable, but actually images are not necessarily 
comparable depending on many factors, especially its spatial resolution. Furthermore, the decision 
to use a black background in the images can significantly alter the results and no algorithms have yet 
been developed that can unify all these criteria.  

In addition, it is to be highlighted that working with healthy or diabetic individuals with or 
without an ulcer or underlying pathologies can result in very disparate sample images. Thus, it has 
been proposed by other authors, the generation of a large thermographic image database could help 
to create thermographic standards and to make comparison of results to be more feasible. 
Consensuated criteria that can help to unify results must be developed so that this technique can be 
used to help prevent complications or promote ulcer healing in diabetic patients. 

5. Conclusions 

Infrared thermography represents a potentially effective tool for detecting pre-ulcerous states in 
diabetic foot patients. However, further research is still required to investigate its applications for 
preventing diabetic foot ulcer complications. It is very important to highlight these thermographic 
studies must consider the sample type (healthy or diabetic patients, with or without an ulcer), 
protocol used to obtain the images (e.g., with or without a black background), and results analysis 
(software used). It is essential to continue research into infrared thermography because it is a cheap, 
non-invasive, and painless technique that can provide useful data for the development of new 
methods to further prevent and palliate diabetic foot complications. 
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