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Abstract

Non-Contact Infrared Thermography (NCIT) has emerged as a promising tool for Type 2
Diabetes Mellitus (T2DM) diagnosis due to its non-invasive nature and ability to detect
physiological changes in skin temperature associated with diabetes-related complications.
This review synthesizes current literature on NCIT applications in T2DM diagnosis,
highlighting its potential advantages over traditional methods such as blood glucose testing
and invasive procedures. Key findings indicate that NCIT can detect early vascular changes
and neuropathies, offering a rapid and cost-effective screening method. Challenges including
standardization of protocols and variability in environmental conditions are also discussed.
Future research directions focus on enhancing NCIT's sensitivity and specificity through
advanced image processing techniques and large-scale clinical trials. NCIT shows promise in
revolutionizing T2DM management by enabling early detection and proactive intervention,
thereby improving patient outcomes and reducing healthcare costs.

Introduction

Type 2 Diabetes Mellitus (T2DM) represents a significant global health challenge
characterized by insulin resistance and hyperglycemia, leading to a multitude of
complications affecting various organ systems. Early detection and management of T2DM
are crucial in mitigating its progression and associated morbidity. Current diagnostic methods
primarily rely on invasive blood tests, such as fasting plasma glucose and HbAlc
measurements, which can be inconvenient and uncomfortable for patients. Non-Contact
Infrared Thermography (NCIT) has emerged as a non-invasive alternative for assessing
physiological changes associated with diabetes, particularly focusing on peripheral vascular
alterations and neuropathies that manifest as changes in skin temperature.

NCIT operates on the principle that infrared radiation emitted by an object is directly
proportional to its temperature, offering a means to quantify temperature differentials across
the skin surface. This technique has shown promise in detecting subtle thermal variations
linked to vascular dysfunction and neuropathic changes in diabetic patients. Unlike invasive
methods, NCIT poses minimal discomfort and eliminates the risk of infection, making it
suitable for frequent monitoring and early detection of complications. The rationale for
exploring NCIT in T2DM lies in its potential to detect early-stage microvascular changes,
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which precede overt clinical symptoms and macrovascular complications such as
cardiovascular disease. These microvascular alterations, including impaired endothelial
function and reduced capillary perfusion, contribute significantly to diabetic neuropathy and
foot ulcerations, which are leading causes of disability and lower limb amputations in
diabetic populations. Recent advancements in NCIT technology, coupled with developments
in image processing algorithms and thermal mapping techniques, have enhanced its
diagnostic accuracy and reproducibility. Studies have demonstrated NCIT's ability to identify
localized temperature abnormalities associated with diabetic foot complications, providing
clinicians with valuable insights for risk stratification and personalized treatment planning.
Challenges remain in standardizing NCIT protocols to ensure consistent and reliable
measurements across diverse patient populations and environmental conditions. Addressing
these challenges is critical to advancing NCIT from a research tool to a clinically validated
diagnostic modality integrated into routine diabetes care. this review aims to critically
examine the current state of NCIT in T2DM diagnosis, synthesizing evidence from recent
literature to elucidate its clinical utility, technological advancements, and future prospects in
enhancing diabetes management strategies. By exploring the strengths and limitations of
NCIT, this review seeks to contribute to the ongoing discourse on innovative diagnostic
approaches for improving outcomes in diabetic care.

Need of the Study

The escalating global prevalence of type 2 diabetes mellitus (T2DM) underscores the urgency
for effective diagnostic methods to enable early detection and intervention. While
conventional diagnostic approaches like blood tests are reliable, they often entail
invasiveness, time consumption, and specialized equipment, limiting their scalability and
accessibility. Non-contact infrared thermography (IRT) offers a promising alternative,
leveraging the correlation between altered skin temperature patterns and underlying
metabolic dysregulation associated with T2DM. This study's necessity stems from the
pressing need to enhance early detection efforts, particularly in at-risk populations, such as
individuals with obesity or a family history of diabetes. By investigating the feasibility of
IRT as a non-invasive screening tool, this research aims to facilitate proactive management
strategies and reduce the burden of T2DM-related complications. Additionally, IRT's
potential for remote monitoring and integration with digital health technologies presents
opportunities for personalized interventions and improved long-term disease management.
Through this exploration, the study seeks to contribute to the development of accessible and
innovative diagnostic approaches, ultimately improving health outcomes and alleviating the
socioeconomic burden of T2DM on individuals and healthcare systems.

Literature Review

Sivanandam, S., et al (2012). Medical thermography is emerging as a promising diagnostic
tool for Type 2 diabetes, utilizing non-contact infrared thermal imaging to detect subtle
variations in skin temperature associated with the condition. This approach capitalizes on the
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principle that inflammation and altered blood flow, common in diabetes, can manifest as
temperature changes on the skin's surface. By capturing thermal images, thermography
enables the visualization of these temperature patterns, offering insights into underlying
physiological processes. In Type 2 diabetes, early detection is crucial for effective
management and prevention of complications. Unlike traditional diagnostic methods which
may require invasive procedures or blood tests, thermography provides a non-invasive and
painless alternative. It offers the potential for remote monitoring and continuous assessment,
enhancing convenience for patients and healthcare providers alike. While further research is
needed to validate its efficacy and establish standardized protocols, medical thermography
holds promise as a valuable adjunctive tool in the diagnosis and management of Type 2
diabetes. Its non-invasive nature and ability to detect subtle physiological changes make it a
potentially valuable addition to the diagnostic armamentarium for this prevalent chronic
condition.

Sivanandam, S., et al (2013). Non-invasive infrared thermography presents a promising
avenue for estimating blood glucose levels and diagnosing Type 2 diabetes without the need
for blood sample extraction. This approach leverages the relationship between skin
temperature and blood glucose concentrations, as alterations in blood glucose levels can
influence peripheral blood flow and subsequent skin temperature changes. By utilizing
specialized infrared cameras, thermal images of specific regions, such as the fingertips or
forearm, can be captured and analyzed to infer blood glucose levels. This non-invasive
method eliminates the discomfort and inconvenience associated with traditional blood
sampling, offering a more patient-friendly alternative for diabetes diagnosis and monitoring.
It holds potential for frequent and continuous monitoring, facilitating early detection of
abnormalities and enabling proactive management of the condition. Although still in the
research and development stage, non-invasive infrared thermography shows promise as a
reliable and accessible tool for diabetes diagnosis and management. With further refinement
and validation through clinical studies, this approach could revolutionize the way Type 2
diabetes is diagnosed and monitored, improving patient compliance and overall healthcare
outcomes.

Adam, M., et al (2017). Infrared thermography has emerged as a promising tool in the
computer-aided diagnosis of diabetic foot complications, offering a non-invasive and
efficient method for early detection and monitoring. This review explores the utility of
infrared thermography in assessing diabetic foot conditions, which are often characterized by
alterations in skin temperature due to compromised circulation and neuropathy. By capturing
thermal images of the feet, infrared thermography enables the visualization of temperature
variations that may indicate areas of inflammation, infection, or tissue damage. Computer-
aided analysis techniques, such as image processing algorithms and machine learning
algorithms, can further enhance the diagnostic capabilities of infrared thermography by
automatically detecting and quantifying temperature abnormalities. These technologies
facilitate the early identification of diabetic foot complications, allowing for timely
intervention and prevention of more serious consequences such as ulcers and amputations.
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Infrared thermography offers advantages over traditional diagnostic methods by providing a
non-contact, non-invasive, and radiation-free approach that is well-tolerated by patients.
Despite its potential, challenges remain in standardizing protocols, optimizing image
acquisition techniques, and integrating infrared thermography into clinical practice. With
ongoing advancements in technology and research, computer-aided diagnosis of diabetic foot
using infrared thermography holds promise for improving patient outcomes and reducing
healthcare costs associated with diabetic foot complications.

Jorge, J., et al (2020). Non-contact assessment of peripheral artery hemodynamics through
infrared video thermography represents a novel approach with significant potential in clinical
diagnostics. This technique capitalizes on the principle that changes in skin temperature are
reflective of alterations in blood flow dynamics, particularly in the context of peripheral
artery disease (PAD). By employing infrared cameras to capture high-resolution thermal
images of the skin surface, this non-invasive method allows for real-time monitoring and
analysis of thermal patterns associated with arterial perfusion. Peripheral artery disease is
characterized by narrowing or blockage of arteries in the extremities, leading to reduced
blood flow and impaired tissue perfusion. Infrared video thermography offers a unique
advantage in assessing PAD by providing a comprehensive view of temperature distribution
across the affected limb. As blood flow diminishes or becomes obstructed, alterations in skin
temperature patterns become apparent, offering valuable insights into the severity and extent
of vascular compromise. The non-contact nature of infrared video thermography enhances
patient comfort and compliance during diagnostic assessments. Compared to traditional
methods such as Doppler ultrasound or angiography, which may involve cumbersome
equipment or invasive procedures, infrared thermography offers a convenient and patient-
friendly alternative. Challenges such as standardization of imaging protocols and
interpretation algorithms need to be addressed to fully realize the potential of this technology
in clinical practice. With continued advancements in imaging technology and data analysis
techniques, non-contact assessment of peripheral artery hemodynamic using infrared video
thermography holds promise as a valuable tool for early detection, monitoring, and
management of peripheral artery disease, ultimately improving patient outcomes and quality
of life.

Lahiri, B. B., et al (2012). Infrared thermography finds extensive medical applications
across various disciplines, offering a non-invasive and radiation-free approach to assess
physiological function and detect pathological conditions. This comprehensive review
explores the diverse uses of infrared thermography in clinical settings, ranging from
diagnostic imaging to monitoring therapeutic interventions. In fields such as dermatology,
infrared thermography aids in the evaluation of skin lesions, inflammation, and wound
healing by capturing temperature variations associated with underlying tissue pathology. In
orthopedics and sports medicine, it serves as a valuable tool for assessing musculoskeletal
injuries, detecting inflammation, and monitoring rehabilitation progress. Additionally,
infrared thermography plays a crucial role in vascular medicine by detecting peripheral artery
disease, assessing vascular function, and guiding interventions such as vein graft monitoring
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or vascular access placement. Infrared thermography enables the evaluation of autonomic
nervous system function, aiding in the diagnosis and monitoring of conditions such as
complex regional pain syndrome and neuropathic pain. Infrared thermography shows promise
as a complementary imaging modality for detecting breast cancer, monitoring tumor response
to treatment, and assessing thermal changes associated with tumor angiogenesis. Despite its
versatility and potential, challenges such as standardization of imaging protocols, data
interpretation, and integration into clinical practice remain. With ongoing advancements in
technology and research, medical applications of infrared thermography continue to expand,
offering clinicians valuable insights into physiological processes and enhancing patient care
across a wide range of medical specialties.

Lahiri, B. B., et al (2017). Infrared thermography represents a promising approach for
detecting diabetic neuropathy and vascular disorders, both of which are common
complications of diabetes mellitus. Diabetic neuropathy refers to nerve damage caused by
prolonged high blood sugar levels, leading to impaired sensation, pain, and loss of function in
the extremities. Vascular disorders, such as peripheral artery disease (PAD), result from
reduced blood flow to the limbs due to arterial narrowing or blockages, leading to symptoms
like leg pain and impaired wound healing. Infrared thermography utilizes specialized cameras
to capture thermal images of the skin, which can reveal temperature variations indicative of
underlying neuropathic or vascular changes. For diabetic neuropathy, infrared thermography
can detect alterations in skin temperature distribution caused by nerve damage. Areas of
reduced sensation or neuropathic pain often exhibit abnormal temperature patterns, reflecting
impaired autonomic nervous system function and altered blood flow regulation. Similarly, in
vascular disorders like PAD, infrared thermography can identify temperature differentials
between affected and unaffected limbs, highlighting areas of reduced perfusion and
compromised circulation. By providing non-invasive and quantitative assessment of
neuropathic and vascular changes, infrared thermography offers several advantages over
traditional diagnostic methods, such as nerve conduction studies or vascular imaging. It
enables early detection of complications, facilitates monitoring of disease progression, and
guides treatment interventions. Further research is needed to establish standardized protocols
and validate the diagnostic accuracy of infrared thermography in detecting diabetic
neuropathy and vascular disorders. Nonetheless, its potential as a reliable and accessible
diagnostic tool holds promise for improving clinical management and outcomes in diabetic
patients.

Hernandez-Contreras, D., et al (2016). The narrative review delves into the intersection of
diabetic foot complications and the diagnostic potential of infrared thermography, offering
insights into its application as a non-invasive tool for early detection and management.
Diabetic foot complications, including neuropathy, peripheral artery disease (PAD), and foot
ulcers, pose significant challenges in clinical practice due to their potential for severe
morbidity and limb loss. Infrared thermography emerges as a promising adjunctive modality
for assessing diabetic foot health by capturing thermal images that reflect underlying
physiological changes associated with neuropathy and vascular insufficiency. Infrared
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thermography enables the visualization of temperature variations on the skin surface, which
can indicate areas of inflammation, ischemia, or tissue damage. By detecting subtle
alterations in skin temperature distribution, infrared thermography offers a means to identify
early signs of diabetic foot complications before they progress to more severe stages. Its non-
invasive nature and ability to provide rapid, objective assessment make it particularly
valuable in routine clinical practice for diabetic foot monitoring. The review highlights the
potential of infrared thermography to enhance current diagnostic approaches for diabetic foot
complications, offering clinicians a reliable and efficient means to detect abnormalities and
guide treatment interventions. Further research is warranted to validate its diagnostic
accuracy, establish standardized protocols, and integrate infrared thermography seamlessly
into clinical workflows. Nonetheless, with continued advancements in technology and
research, infrared thermography holds promise as a valuable tool for improving outcomes in
diabetic foot care.

Adam, M., et al (2018). Automated characterization of diabetic foot complications using
nonlinear features extracted from thermograms represents a cutting-edge approach to enhance
diagnostic accuracy and streamline clinical decision-making. Diabetic foot complications,
including neuropathy, peripheral artery disease (PAD), and foot ulcers, pose significant
challenges in clinical management due to their potential for severe morbidity and limb loss.
Infrared thermography offers a non-invasive means to assess diabetic foot health by capturing
thermal images that reflect underlying physiological changes associated with neuropathy and
vascular insufficiency. By leveraging advanced computational techniques to extract nonlinear
features from thermograms, automated characterization algorithms can discern subtle patterns
and temperature variations indicative of diabetic foot complications. These nonlinear features
encompass complex relationships and interactions within the thermal data, providing a more
comprehensive assessment than traditional linear metrics. Machine learning algorithms
trained on datasets of annotated thermograms can learn to recognize characteristic patterns
associated with different stages of diabetic foot complications, enabling automated diagnosis
and risk stratification. The integration of automated characterization algorithms into clinical
practice has the potential to revolutionize diabetic foot care by providing objective, rapid, and
reliable assessment of foot health. By facilitating early detection of complications and
guiding personalized treatment interventions, automated characterization of diabetic foot
using nonlinear features extracted from thermograms can improve patient outcomes and
reduce the burden on healthcare systems. Further research is needed to validate the
performance and generalizability of these algorithms across diverse patient populations and
clinical settings. With continued advancements in technology and data analytics, automated
characterization of diabetic foot using nonlinear features holds promise as a valuable tool for
enhancing diabetic foot care.

Research Problem

The research problem at the heart of this investigation lies in the quest for effective and non-
invasive diagnostic methods for detecting type 2 diabetes mellitus (T2DM) at its early stages.
While T2DM represents a significant global health concern, the current diagnostic
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approaches, such as blood tests and oral glucose tolerance tests, often lack the timeliness and
non-invasiveness needed for early detection. Non-contact infrared thermography (IRT)
emerges as a promising alternative, leveraging the correlation between altered skin
temperature patterns and underlying metabolic dysfunction associated with T2DM. However,
several critical research challenges hinder its widespread adoption and efficacy in T2DM
diagnosis. These include the need for rigorous validation and standardization of IRT
protocols, particularly across diverse patient populations, to establish its diagnostic accuracy
and reliability. Furthermore, there is a pressing need to explore the potential of IRT for
detecting early-stage or pre-diabetes, as well as its integration into routine clinical practice
and longitudinal monitoring of T2DM progression. Addressing these research challenges is
essential for advancing the clinical utility of non-contact infrared thermography as a viable
diagnostic tool for T2DM, ultimately enhancing early detection efforts, improving patient
outcomes, and alleviating the burden of diabetes on both individuals and healthcare systems.

Conclusion

Non-Contact Infrared Thermography (NCIT) presents a promising avenue for enhancing the
diagnostic capabilities in Type 2 Diabetes Mellitus (T2DM). Through its non-invasive and
sensitive assessment of thermal patterns associated with diabetic complications, NCIT offers
valuable insights into early-stage vascular and neuropathic changes. The ability of NCIT to
detect subtle temperature differentials across the skin surface highlights its potential as a
screening tool for identifying individuals at risk of diabetic foot complications, thus
facilitating timely intervention and reducing the incidence of severe outcomes such as
ulcerations and amputations. several challenges must be addressed to fully integrate NCIT
into clinical practice. These include standardizing measurement protocols, optimizing image
processing algorithms for enhanced diagnostic accuracy, and validating findings through
large-scale clinical trials across diverse patient demographics. Additionally, ensuring
affordability and accessibility of NCIT systems in healthcare settings, particularly in
resource-limited regions, remains a critical consideration for widespread adoption. future
research should focus on refining NCIT techniques, exploring novel biomarkers derived from
thermal imaging data, and establishing comprehensive guidelines for interpreting
thermographic findings in diabetic management protocols. By leveraging advancements in
technology and collaborative efforts between clinicians, engineers, and researchers, NCIT
holds potential not only to improve early detection and monitoring of T2DM complications
but also to transform personalized treatment strategies aimed at optimizing patient outcomes
and quality of life.

1254

Sl erNs

International Journal of
Fuud And Nuluhunul .n.l cnees

......................



RENEET N E T (CRAN WA RSNV RN S ENC VI BUGC CARE Listed (Group -1) Journal Volume 11, Iss 13, 202

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES
ISSN PRINT 2319 1775 Online 2320 7876

References

1.

10.

11.

12.

13.

14.

Sivanandam, S., Anburajan, M., Venkatraman, B., Menaka, M., & Sharath, D. (2012).
Medical thermography: a diagnostic approach for type 2 diabetes based on non-
contact infrared thermal imaging. Endocrine, 42, 343-351.

Sivanandam, S., Anburajan, M., Venkatraman, B., Menaka, M., & Sharath, D. (2013).
Estimation of blood glucose by non-invasive infrared thermography for diagnosis of
type 2 diabetes: an alternative for blood sample extraction. Molecular and cellular
endocrinology, 367(1-2), 57-63.

Adam, M., Ng, E. Y., Tan, J. H., Heng, M. L., Tong, J. W., & Acharya, U. R. (2017).
Computer aided diagnosis of diabetic foot using infrared thermography: A review.
Computers in biology and medicine, 91, 326-336.

Jorge, J., Harford, M., Villarroel, M., Chaichuleg, S., Davidson, S., Finnegan, E., ... &
Tarassenko, L. (2020). Non-contact assessment of peripheral artery haemodynamics
using infrared video thermography. IEEE Transactions on Biomedical
Engineering, 68(1), 276-288.

Lahiri, B. B., Bagavathiappan, S., Jayakumar, T., & Philip, J. (2012). Medical
applications of infrared thermography: a review. Infrared physics & technology,
55(4), 221-235.

Cajacuri, L. A. V. (2013). Early diagnostic of diabetic foot using thermal
images (Doctoral dissertation, Université D'Orléans).

Lahiri, B. B., Bagavathiappan, S., Raj, B., & Philip, J. (2017). Infrared thermography
for detection of diabetic neuropathy and vascular disorder. Application of Infrared to
Biomedical Sciences, 217-247.

Hernandez-Contreras, D., Peregrina-Barreto, H., Rangel-Magdaleno, J., & Gonzalez-
Bernal, J. (2016). Narrative review: Diabetic foot and infrared thermography. Infrared
Physics & Technology, 78, 105-117.

Adam, M., Ng, E. Y., Oh, S. L., Heng, M. L., Hagiwara, Y., Tan, J. H., & Acharya, U.
R. (2018). Automated characterization of diabetic foot using nonlinear features
extracted from thermograms. Infrared Physics & Technology, 89, 325-337.

Firescu, D., Sascau, R. A., Raftu, G., Statescu, C., Cuciureanu, T., & Cuciureanu, D.
I. (2019). Thermography as method of paraclinic diagnosis in diabetic
polyneuropathy. Revista de Chimie, 70(4), 1449-1454.

Jasti, N., Bista, S., Bhargav, H., Sinha, S., Gupta, S., Chaturvedi, S. K., & Gangadhar,
B. N. (2019). Medical Applications of Infrared Thermography: A Narrative
Review. Journal of Stem Cells, 14(1).

Abdulshahed, A. M., Alabyad, F. M., Goohe, H. A., & Saed, M. A. (2017). Early
Detection of Diabetes using Thermography and Artificial Neural Networks. Int J
Comput Neural Eng, 4(2), 71-75.

Pafili, K., & Papanas, N. (2015). Thermography in the follow up of the diabetic foot:
best to weigh the enemy more mighty than he seems. Expert review of medical
devices, 12(2), 131-133.

1255

“*’:L 1 erNs

International l n nnl of
Fu dAnJN " l ong ces




Research paper© 2012 1JFANS. All Rights Reserved, [SI€{@N 7N =8 WE (=To NEET fo1V] o)1 hRuLo10 g 21 VA0 [¥] g [ B (S35 K100 72

15.

16.

17.

18.

19.

20.

\L'p.

%

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES
ISSN PRINT 2319 1775 Online 2320 7876

Singh, P., Pal, A. B., Anburajan, M., & Kumar, J. S. (2018). Computer-aided
diagnosis of type 2 diabetes mellitus using thermogram of open mouth. In Progress in
Advanced Computing and Intelligent Engineering: Proceedings of ICACIE 2016,
Volume 1 (pp. 167-177). Springer Singapore.

Faust, O., Acharya, U. R., Ng, E. Y. K., Hong, T. J., & Yu, W. (2014). Application of
infrared thermography in computer aided diagnosis. Infrared Physics &
Technology, 66, 160-175.

Gonzalez, F. J. (2016). Theoretical and clinical aspects of the use of thermography in
non-invasive medical diagnosis. Biomedical Spectroscopy and Imaging, 5(4), 347-
358.

Silva, N. C., Castro, H. A., Carvalho, L. C., Chaves, E. C., Ruela, L. O., & lunes, D.
H. (2018). Reliability of infrared thermography images in the analysis of the plantar
surface temperature in diabetes mellitus. Journal of chiropractic medicine, 17(1), 30-
35.

Rahim, M. A. A. (2018). Detection of diabetic foot with infrared
thermography (Doctoral dissertation).

Balbinot, L. F., Canani, L. H., Robinson, C. C., Achaval, M., & Zaro, M. A. (2012).
Plantar thermography is useful in the early diagnosis of diabetic
neuropathy. Clinics, 67, 1419-1425.

1256

1 JFANS

Inte lnnl mal Journal of
Fu dAnJ Nul l lul Suulu..



