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ABSTRACT 

Background: Diabetic foot is a chronic complication that can be detrimental 
and has an impact on the quality of life of diabetic patients. Neurosensory 
examination of skin temperature using a thermograph can help prevent 
diabetic foot. Objective: to identify the neurosensory examination of skin 
temperature using infrared thermographs in addressing the risk of diabetic 
foot Design: The design in this study is Scoping review Methods: A journal 
search was conducted using the keywords "infrared thermography, 
screening or assessment, diabetic foot, and meta-analysis" to collect 
relevant articles published in the last ten years from four databases 
(ProQuest, PubMed, ScienceDirect, and Google Scholar). The inclusion 
criteria were: nurses, patients, diabetic foot, assessment, full-text articles, 
studies focusing on nursing issues, and written in English. Four journal 
articles were selected and analyzed using PICO. Results: Four meta-analysis 
articles on neurosensory examination of skin temperature sensitivity using 
a thermograph have a p value < 0.05, which can support clinical nursing for 
monitoring diabetic foot prevention. Conclusion: Examination of skin 
temperature sensation using a thermograph can be used as a method for 
neurosensory assessment in monitoring nursing care for structural 
integrity problems in the physiological changes of the diabetic foot.  

 

INTRODUCTION 
Diabetic foot is a complication of chronic diabetes mellitus which can lead to hospitalization 

rather than other chronic complications (Alaa, Bolton, Di Angelantonio, Rudd, & Van der Schaar, 2019). 
Diabetic feet can also increase mortality, morbidity, high cothatf care, decreased quality of morend 
amputations (Floris et al., 2021). The most common risk factors for amputation are neuropathy, 
peripheral arterial disease, traumalife, foot deformities (Fernandez & Shaw, 2020). Globally, the 
prevalence of diabetic patients who have diabetic feet is 6.3%, in Asian cotrauma,s it is 5.5% and those 
who have amputatons in China are 19.03% (Yin, Man, Ye, Liu, & Ma, 2021). The prevalence of diabetic 
patients in America who have diabetic foot ulcers is 2.5%, and 60% have amputations (Bandyk, 2018) 

The American Diabetes Association (ADA) and Brazilian Diabetes Society (SBD) guidelines 
recommend that all patients with diabetes receive at least one foot assessment annually to identify 
risk factors for ulceration or amputation. Diabetic foot examination should include inspection of skin 
color, nails, foot structure and gait, neurological assessment, and vascular assessment (Bandyk, 2018), 
One of the assessments of diabetic feet is to assess neurosensory sensations by detecting the patient's 
foot temperature using an infrared thermograph (Rai, Sonne, Song, & Kim, 2022). Foot temperature 
assessment consists of a liquid crystal thermograph, cutaneous temperature discrimination, electrical 
contact thermometry, and an infrared thermograph (Lahiri, Bagavathiappan, Jayakumar, & Philip, 
2012). An infrared thermograph is a thermal image that provides information about the distribution of 
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skin temperature. Peripheral neuropathy and the risk of ulceration are related to increased 
temperature in the plantar region (Hernandez et al., 2017). An abnormal body temperature is a natural 
indicator of a disease. Infrared thermography is a digital technology that can be used as a diagnostic 
method in orthopedics, vascular disorders, rheumatic inflammation, trauma, postoperative pain, 
fractures, and complications in diabetic feet (Zheng et al., 2022). 

Assessment of foot temperature using an infrared thermograph can be an indication of 
abnormal physiological processes associated with several health conditions (Nogueira et al., 2021). 
Infrared thermography is a technology for detecting radiation in the infrared range of the 
electromagnetic spectrum that uses a thermal sensor to capture thermal radiation by emitting or 
reflecting it onto the skin (Karlidag-Dennis, Hazenberg, & Dinh, 2020). Based on the description above, 
the authors are interested in analyzing the use of infrared thermographs in diabetic foot neurosensory 
examination, which can assist nurses in providing nursing care.  

Objective  
The aim of this scoping review was to identify the use of infrared thermographs in the 

neurosensory assessment of diabetic foot skin temperature. 
Methods:  
This study is a scoping review that is used as a prelude to a systematic review of studies related 

to the use of infrared thermographs in neurosensory examination of diabetic foot skin temperature. 
The stages in carrying out a systematic review that must be carried out are a focus review with 
eligibility criteria, making a search strategy, identifying literature and selecting with the PRISMA 
flowchart, and data extraction, as follows: 
1. Focus review with eligibility criteria  

The journal search included articles published in the 10-year period between 2013 and 2023. The 
literature review focused on quantitative studies and full-text articles, with a focus on infrared 
thermographs. Articles selected using writing in English were considered for analysis. 
2. Search Strategy  

Recent articles on the use of infrared thermographs in neurosensory examination of skin 
temperature in diabetic feet were obtained from the PubMed, ProQuest, Sciencdirect, and Google 
Scholar databases. The keywords used in the search were "infrared thermography, screening or 
assessment, diabetic foot, and meta-analysis" to identify the use of infrared thermographs in 
neurosensory examination of diabetic foot skin temperature. From the search, 12 titles were obtained 
from ProQuest, 8 titles from Sciencdirect, 14 titles from PubMed, and 193 titles from Google Scholar. 
A total of 227 articles were found. 
3. Selection of studies based on the PRISMA flowchart  

Analysis of articles in the database was performed using article selection criteria based on the 
PICO approach (P = type 2 diabetes mellitus patients; I = interventions made using infrared 
thermographs; C = 0; O = expected outcome related to diabetic foot skin temperature assessment) 
with a PRISMA flowchart (Figure 1). 23 articles were deleted from 227 articles due to filtering results 
of academic journal articles; 186 articles out of 204 were excluded because they were not suitable. 
Document type: article and evidence-based health care, and the final search process resulted in four 
relevant articles. 
4. Data Extraction  

This search resulted in four main articles, which became the focus of analysis in the 2013–2023 
period. The article compares a control group with an intervention group in a clinical trial. 
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RESEARCH METHODS 

This research uses qualitative methods with a literature review approach. Literature review is 
a systematic, explicit and reproducible method for identifying, evaluating and synthesizing research 
works and thoughts that have been produced by researchers and practitioners. The step in writing this 
review literature begins with the selection of topics. Perform a library or source search to gather 
relevant information from Google Scholar, CINAHL, Proquest, Ebsco, or National Library databases. 
Determine keywords or keywords for journal searches. After the data is collected, it is processed, 
analyzed and conclusions drawn. 
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RESULTS AND DISCUSSION 
 

 
Discussion  

The skin is an integumentary system that functions to maintain homeostasis in the internal 
environment and protect it from the external environment (Upadhyaya et al., 2017). Damage to blood 
vessels, nerves, and increased collagen in skin tissue can cause integumentary system disorders 
(Prakasa, 2020). Examination of impaired skin integrity in diabetic feet is one of the early signs of 
metabolic disorders in diabetic patients (Murphy, Birn, & Bandettini, 2013). Neurosensory assessment 
of skin temperature using an imaging system can provide an overview of the spread of leg skin 
temperature to the skin structure so that it can provide information about widespread infections such 
as abscesses, myositis, and gangrene that cannot be assessed by clinical examination (Escudero-
Sanchez et al., 2020). 

Neurosensory assessment of skin temperature with the use of infrared thermographs is an 
imaging technology tool that can detect complications associated with diabetic feet (Hernandez et al., 
2016). Assessment of skin temperature on diabetic feet using an infrared thermograph is a radiation 
detector in the infrared range of the electromagnetic spectrum that uses a thermal sensor to capture 
thermal radiation emitted or reflected to the skin (Karlidag-Dennis et al., 2020). Assessment of foot 
temperature using an infrared thermograph can be an indication of abnormal physiological processes 
associated with several health conditions (Nogueira et al., 2021). Examination of skin temperature 
using an infrared thermograph has several advantages, namely that it is safe and does not require 
physical contact so that it can recognize pathological situations, especially in diabetic feet (Ilo, et al., 
2020). The use of infrared thermographs can diagnose the presence of infection (Hazenberg et al., 
2014), prevent injuries in disturbed areas (Astasio-Picado, Martínez, Nova, Rodríguez, & Gómez–
Martín, 2018), assess clinical percentages and severity of perfusion (Traina et al., 2021), assess 
differences in skin temperature (Chanjuan Liu et al., 2015), and detect the onset of ischemic disorders 
(Staffa, Bernard, & Kubicek, 2016) in diabetic foot. 

Foot assessment should begin as soon as the patient is diagnosed with diabetes (Dutra et al., 
2020). Delays in early identification and management of diabetic foot can lead to complications, so it 
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is necessary to prevent and treat diabetic foot with the approach of a multidisciplinary team of 
experts, including specialist doctors, specialist nurses, and community nurses (Das, 2020). 
Examination and inspection of the skin to determine signs of neuropathy in the legs and feet, 
especially on the dorsal, plantar, medial, lateral, and posterior surfaces; examination of toenails; the 
presence of skin can show whether the skin is peeling, macerating, or cracking. Palpate the pulse 
bilaterally in the dorsalis pedis, posterior tibial, popliteal, and superficial femoral arteries (Alexiadou & 
Doupis, 2012). 

Neurosensory assessment of skin temperature with the use of infrared thermographs can be 
used by nursing staff or patients at home (Bozkurt et al., 2011). Infrared thermographs can also detect 
local temperature differences, spot color, and a higher mean temperature in diabetic feet, which are 
at high risk for neuropathy and neuroischemia. Infrared thermographs can also be useful as an initial 
screening for diabetic feet (Ilo, Romsi, & Makela, 2020). Neurosensory examination of skin 
temperature using an infrared thermograph requires specialist health workers who are able to operate 
this tool. Neglect, fatigue, and sensory overload can affect errors in diagnosing skin integrity disorders 
when using a thermograph (Cruz et al., 2020). Neurosensory examination using an infrared 
thermograph also requires a safe and comfortable environment with a room temperature of 21 - 24°C 
(Zenunaj et al., 2021). Changes in skin temperature are physiological indicators that can provide an 
overview of disease or injury and provide information about interactions between limbs and their 
environment (Soares et al., 2019).  

The human body temperature can adapt when subjected to temperature changes caused by 
internal and external environmental factors. Vasodilation and vasoconstriction are the body's 
compensation for maintaining a constant body temperature and protecting skin integrity. If the body's 
physiological response is disrupted, the skin is unable to maintain balance, and the immunological 
function is disrupted, resulting in impaired skin integrity (Mifsud et al., 2022). One of the nursing model 
theories that focuses on individuals as holistic beings who can interact with their environment is 
Levine's conservation theory model (Alligood, 2017). Each individual has an internal and external 
environment; the internal environment includes the physiological and pathological aspects of the 
patient, as do changes in the external environment. Nursing practice involves human interaction with 
individuals who are unable to adapt (Alligood, 2021). The role of nurses is needed to help patients 
adapt to returning to a state of homeostasis in their social, personal, and biological environments 
(Michaelson, 2013). 

Environmental factors in the form of temperature, humidity, and uncontrolled air flow on the 
skin surface can affect the structure and function of the skin, which can increase damage to the 
structural integrity, so that nursing actions are needed to detect inflammation before damage occurs 
to the skin tissue. Infrared thermograph assessment is an assessment that uses skin temperature as 
an indicator of skin tissue damage (Mifsud et al., 2022), so infrared thermographs can be used as an 
instrument in monitoring to prevent physiological changes in diabetic feet. Neurosensory assessment 
on infrared thermographs is very suitable for use by nurses to reduce workload and increase work 
efficiency. Infrared thermography is a technology that uses a low-cost infrared camera to detect 
changes in skin temperature (Cai et al., 2021). Advances in patient care technology can provide changes 
to nursing practice that can extend the patient's quality of life (Lewis et al., 2017). 
 

CONCLUSION 
Assessment of skin temperature on diabetic feet using a thermograph is an instrument that can be 

used as monitoring in nursing practice with structural integrity problems to prevent the risk of diabetic 

foot. 

 

BIBLIOGRAPHY 

Alaa, Ahmed M., Bolton, Thomas, Di Angelantonio, Emanuele, Rudd, James H. F., & 

Van der Schaar, Mihaela. (2019). Cardiovascular disease risk prediction using 

automated machine learning: A prospective study of 423,604 UK Biobank 

participants. PloS One, 14(5), e0213653. 



Lenny Nurhandayani,Sri Andarini,Heri Kristianto 

Jurnal Health Sains, Vol. 04, No. 07, Juli 2023         24 

Astasio-Picado, A., Martínez, E. Escamilla, Nova, A. Martínez, Rodríguez, R. Sánchez, 

& Gómez–Martín, B. (2018). Thermal map of the diabetic foot using infrared 

thermography. Infrared Physics & Technology, 93, 59–62. 

Bandyk, Dennis F. (2018). The diabetic foot: Pathophysiology, evaluation, and 

treatment. Seminars in Vascular Surgery, 31(2–4), 43–48. Elsevier. 

Escudero-Sanchez, Rosa, Senneville, Eric, Digumber, Marc, Soriano, Alex, Del Toro, 

M. D., Bahamonde, Alberto, del Pozo, Jose Luis, Guio, Laura, Murillo, Oscar, 

& Rico, Alicia. (2020). Suppressive antibiotic therapy in prosthetic joint 

infections: a multicentre cohort study. Clinical Microbiology and Infection, 

26(4), 499–505. 

Fernandez, Antonio Arturo, & Shaw, Graham Paul. (2020). Academic leadership in a 

time of crisis: The Coronavirus and COVID‐19. Journal of Leadership Studies, 

14(1), 39–45. 

Floris, Dorothea L., Lai, Meng Chuan, Giavasis, Steve, Oldehinkel, Marianne, Mennes, 

Maarten, Charman, Tony, Tillmann, Julian, Dumas, Guillaume, Ecker, 

Christine, & Dell’Acqua, Flavio. (2021). Towards robust and replicable sex 

differences in the intrinsic brain function of autism. Molecular Autism, 12(1), 1–

17. 

Karlidag-Dennis, Ecem, Hazenberg, Richard, & Dinh, Anh Tuan. (2020). Is education 

for all? The experiences of ethnic minority students and teachers in North-

western Vietnam engaging with social entrepreneurship. International 

Journal of Educational Development, 77, 102224. 

Lahiri, Barid Baran, Bagavathiappan, Subramaniam, Jayakumar, T., & Philip, John. 

(2012). Medical applications of infrared thermography: a review. Infrared 

Physics & Technology, 55(4), 221–235. 

Murphy, Kevin, Birn, Rasmus M., & Bandettini, Peter A. (2013). Resting-state fMRI 

confounds and cleanup. Neuroimage, 80, 349–359. 

Nogueira, Raul G., Abdalkader, Mohamad, Qureshi, Muhammed M., Frankel, Michael 

R., Mansour, Ossama Yassin, Yamagami, Hiroshi, Qiu, Zhongming, Farhoudi, 

Mehdi, Siegler, James E., & Yaghi, Shadi. (2021). Global impact of COVID-19 on 

stroke care. International Journal of Stroke, 16(5), 573–584. 

Prakasa, Johan Ericka Wahyu. (2020). Peningkatan keamanan sistem informasi 

melalui klasifikasi serangan terhadap sistem informasi. Jurnal Ilmiah 

Teknologi Informasi Asia, 14(2), 75–84. 

Rai, Prabhat Kumar, Sonne, C., Song, H., & Kim, Ki Hyun. (2022). The effects of 

COVID-19 transmission on environmental sustainability and human health: 

Paving the way to ensure its sustainable management. Science of The Total 

Environment, 838, 156039. 

Traina, Luca, Zenunaj, Gladiol, Bisogno, Francesca, Scian, Sabrina, Acciarri, 

Pierfilippo, Medini, Chiara, Abatangelo, Giulio, & Gasbarro, Vincenzo. (2021). 

Incidence, Diagnosis, Treatment, and Outcomes of True Superficial Artery 

Aneurysms. Annals of Vascular Surgery, 76, 565–572. 

Upadhyaya, Sudhi G., Murphree Jr, Dennis H., Ngufor, Che G., Knight, Alison M., 

Cronk, Daniel J., Cima, Robert R., Curry, Timothy B., Pathak, Jyotishman, 



Diabetic Foot: A Scoping Review Of Neurosensoric Disorders – Thermography 

Jurnal Health Sains, Vol. 04, No. 07, Juli 2023         25 
 

Carter, Rickey E., & Kor, Daryl J. (2017). Automated diabetes case 

identification using electronic health record data at a tertiary care facility. 

Mayo Clinic Proceedings: Innovations, Quality & Outcomes, 1(1), 100–110. 

Yin, Lijuan, Man, Shuli, Ye, Shengying, Liu, Guozhen, & Ma, Long. (2021). CRISPR-Cas 

based virus detection: Recent advances and perspectives. Biosensors and 

Bioelectronics, 193, 113541. 

Zheng, Peng, Jiang, Xiaoming, Shu, Fengyue, Li, Zhengfei, Zhang, Sijing, Alahuhta, 

Janne, & Heino, Jani. (2022). Loss of lateral hydrological connectivity impacts 

multiple facets of molluscan biodiversity in floodplain lakes. Journal of 

Environmental Management, 320, 115885. 

 

 

Copyright holder: 

Lenny Nurhandayani,Sri Andarini,Heri Kristianto (2023) 

 

First publication right: 

Jurnal Health Sains 

 

     This article is licensed under: 
          

 
 


