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Abstract 
 

Shock is a severe medical condition characterized by insufficient blood flow to tissues and organs, resulting in cellular damage 
and potentially fatal organ failure if not promptly detected and treated. Common diagnostic methods often require invasive 
procedures, are time consuming, and do not provide immediate results. This review discusses the novel uses of thermal 
imaging as a fast non-invasive method for early detection and continuous monitoring of shock in medical settings. This study 
compares thermal imaging with traditional techniques, discusses the advances in technology that improve diagnosis using 
thermal imaging, and factors hindering its widespread adoption. Our findings show that sensitivity, specificity, and early 
warning capabilities are higher with thermal imaging especially due to sensor enhancements and integration with the recently 
discovered artificial intelligence (AI) systems. Nevertheless, expensive equipment costs, lack of uniform protocols as well as 
limited clinical evidence are still major setbacks. Subsequent investigations should concentrate on developing affordable 
systems and guidelines, which can be standardized universally together with comprehensive training programs for healthcare 
professionals. The ability of AI-driven predictive models alongside real-time tracking devices reveals how impactful 
thermography could bring into detecting shocks thereby saving lives through proper patient care. 
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1. Introduction 

Thermal imaging technology has revolutionized medical 

diagnostics, offering healthcare professionals a powerful, non-

invasive tool for assessing patients’ physiological conditions. 

By detecting and visualizing temperature variations on the 

skin surface, thermal imaging provides valuable insights that 

aid in the early diagnosis and treatment of various medical 

conditions. 

There are many uses for thermal imaging technology, one 

of them being the detection of shock, which is a medical 

condition that can influence the way a patient’s treatment goes. 

Technologies such as Thermal imaging are crucial for the 

medical field especially with how normal surgical procedures 

allow for different forms of a shock such as hemodynamic 

shock to occur. This paper investigates the use of Thermal 

imaging in the case of a shock, its effectiveness, what 

limitations mentally inhibit its use through technological 

advancements, and how it will affect clinical dressing in 

future. 

Shock is a critical condition which, if left untreated, can be 

fatal, because of insufficient supply of blood and oxygen to a 

person’s body tissues and organs. There are various types of 

shocks like hypovolemic, cardiogenic, distributive and 

obstructive, each with unique clinical signs and 

pathophysiological processes. Early identification and prompt 

intervention are crucial in managing shock to prevent 

morbidity and mortality. However, accurate detection of shock 

in a patient’s body remains a challenge.[1] Invasive diagnostic 

techniques allow a method of use but they are slow and are not 

reliable.[2] It directly shows how developing new non-invasive 

shock detection techniques will be beneficial for everyone. 

The use of thermal imaging has become one of the most 

appealing developments in the medical field. It utilizes 
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infrared radiation which is emitted by the body to pinpoint the 

distribution of skin surface temperature which is an indication 

of the processes taking place in the deeper layers of the 

tissue.[3] Throughout many areas of medicine, thermal imaging 

has been found to be highly specific and sensitive. For 

instance, a study that aims to predict hemodynamic shock by 

integrating thermal imaging and machine learning managed to 

record an area under the receiver operating characteristic 

(ROC) curve of 75 for classification, 77 for prediction at 3 

hours, and 69 for prediction at 12 hours, highlighting its 

potential for early shock detection.[4] 

Thermal imaging has also been of value in other medical 

applications other than shock detection. Studies involving 

assessments of burn wounds reported an intraclass correlation 

coefficient (ICC) value of 0.99 portraying good sensitivity and 

specificity, while enabling swift measurements to facilitate 

prompt diagnosis and management.[5] In the same way, 

cryotherapy studies involving knees shown strong inter-rater 

agreement with ICC in the scan ranging from 0.82 to 0.97 

suggesting that the imaging is reliable in other zones and 

groups.[6] Furthermore, it has shown promising results 

especially in reducing inter-observer variability in the 

diagnosis such as in the case of breast cancer identification in 

women with high breast density[7] as well as volumetric 

ultrasound estimation of the prostate gland, where it was better 

than the routine ultrasound evaluation.[8]  

Thermal imaging's quick and non-invasive monitoring 

capabilities are especially supportive of early intervention and 

management in cases of shock. For example, a study in 

pediatric intensive care units revealed that thermal imaging is 

able to detect any signs of hemodynamic shock six hours prior 

to its stimulation and therefore increases the chances of the 

patients recovering due to timely intervention.[9] These results 

imply that thermal imaging has the potential to revolutionize 

the way physiological measurements are conducted in a 

clinical setting. 

Despite its limitation of time and accuracy, the technology 

is still in the race as compared to other existing methods and 

is of great importance as the future of medicine. This paper 

evaluates the advancements of thermal imaging technology 

and its role in the near future in the diagnosis of shock, looking 

at recent works done in the field where new sensors and AI 

technology are being applied. Additionally, it addresses the 

barriers to widespread adoption, including cost, lack of 

standardization, and ethical concerns related to patient privacy 

and data security. By highlighting the need for policy changes 

and training, this study aims to support the integration of 

thermal imaging into routine medical practice, 

ultimately improving patient outcomes and healthcare 

efficiency. The overview of the proposed study is shown in 

Fig. 1. 

 

2. Methodology 

A few papers from other time frames were used for definitions 

and context building. The following keywords were used: AI 

in detecting hemodynamic shock, shock detection using 

thermal images, impact of thermal images, thermal image, 

neurogenic, hypovolemic, cardiogenic, distributive and 

obstructive shock. 

Fig. 2 represents the review methodology adapted for this 

research. 

 
Fig. 1: Overview of the proposed study. 
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Fig. 2: Review methodology. 

 

2.1 Data collection 

The data was collected from the databases of Scopus, Pubmed 

and Web of Science. The search string used in Pubmed was 

“Neurological shock detection” with the filter “All free full 

text available articles from 2014 to 2024”, Scopus was 

“Thermal or Image and neurogenic or hypovolemic or 

cardiogenic or hypovolemic or cardiogenic or distributive or 

obstructive and shock” with the filter “all the English article 

papers from 2014 to 2024 which had open access” and Web of 

Science is “neurological shock detection using thermal images” 

with the filter “all English papers which had open access.” A 

total of 632 articles were retrieved: Scopus (n=276), PubMed 

(n=138), and Web of Science (n=218). 

The review included initially 632 studies, from which 36 

met all the inclusion criteria for the detailed analysis. These 

selected are most relevant addressing the effectiveness, 

technological advancements, and challenges associated with 

thermal imaging for shock detection. 

 

2.1.1 Purpose of included studies 

These studies were analyzed to answer the following research 

questions: 

1. How effective is thermal imaging compared to traditional 

methods in detecting and diagnosing shock in clinical settings? 

2. What are the technological advancements in thermal 

imaging technology that have improved its application in 

shock detection over the last decade? 

3. What barriers exist in the widespread adoption of thermal 

imaging for shock detection in medical practice, and how can 

they be overcome? 

4. What are the main ethical and privacy concerns of using 

thermal imaging for continuous patient monitoring, and how 

can healthcare policies address these issues to maximize 

patient benefits? 

 

3. Literature review 

The advancements in medical imaging technologies have 
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opened new frontiers for early diagnosis and treatment across 

various specialties. As we transition from traditional 

diagnostic methods to more innovative approaches, thermal 

imaging has emerged as a powerful, non- invasive tool in 

clinical settings. Its ability to capture subtle temperature 

variations provides crucial insights, particularly in critical 

conditions like shock detection, musculoskeletal injuries, and 

cancer diagnosis. This literature review delves into the 

comparative effectiveness of thermal imaging against 

conventional methods across medical environments, 

demonstrating how it enhances diagnostic accuracy and 

speeds up interventions. Also, this review focuses on the 

recent progress made in thermal imaging technology for shock 

detection due to the development of sensors and artificial 

intelligence which improved the diagnosis. 

Finally, the review summarizes the challenges that thermal 

imaging faces for it to become globally embraced 

economically, necessary environmental conditions and 

standard protocols as well as proposing measures which would 

promote its greater use in practice. Furthermore, the review 

raises ethical issues pertaining to the use of thermal imaging 

regarding the respect of patient’s privacy, confidentiality of the 

patient’s information and seeking patients’ informed consent. 

By a thorough review of existing research, this review seeks 

to highlight the importance of thermal imaging in improving 

patient outcomes, its ability to provide timely interventions 

and increased accuracy of imaging in a range of clinical 

settings, all while adhering to ethical principles.  

 

3.1 Comparative effectiveness of thermal imaging and 

traditional methods in different medical setups 

As we embrace a new scope of technological innovations in 

the medical field, one of the pertinent issues is: How does 

thermal imaging perform as compared to the standard 

treatment in different medical setups? Considering the 

growing interest in the new approach to imaging, its 

performance in terms of practical usage warrants 

consideration. This section seeks to address the concern 

regarding the effectiveness of technology as thermal imaging 

in dealing with traditional methods in different set-ups. 

In various medical fields, thermal scanning has shown high 

sensitivity and accuracy. For example, in a research aiming to 

predict hemodynamic shock through thermal imaging and 

machine learning, 75 percent area under the receiver operating 

characteristic (ROC) curve was attained for classification, 77 

percent for prediction at 3 hours, and 69 percent for prediction 

at 12 hours.[4] Another study conducted on the thermal imaging 

for burn wounds and found that it had excellent reliability. 

They determined this by calculating intraclass correlation 

coefficients (ICCs) of 0.99 which means it has high sensitivity 

as well as specificity. It also revealed that it enables faster 

measurements leading to more timely diagnosis and 

treatment.[5] Across various environments and groups, thermal 

imaging studies have yielded consistent findings. In terms of 

knee evaluations for use in cryotherapy research, the 

employment of thermal imaging revealed a strong inter-rater 

agreement with ICCs between 0.82 and 0.97.[6] Various 

methods of thermal imaging have proven to greatly decrease 

inter-observer variability. Thermal imaging revealed a small, 

yet significant increase in diagnostic agreement between 

readers during a breast cancer detection in women with dense 

breast variance assessment.[7] Lower variability and higher 

reliability as compared to traditional ultrasound methods were 

found in a study that examined intra-observer and inter-

observer variability in thermal imaging for prostate volume 

measurements.[8] Rapid and non-invasive monitoring are 

provided by thermal imaging, which is essential for early 

detection and prompt intervention in shock. A study conducted 

in pediatric intensive care units to predict hemodynamic shock 

showed that this technique enables early intervention by 

predicting shock state 6 hours before hand.[9]  

Table 1 shows surveys of the wide-ranging literature, 

which gives a detailed examination of the thermal imaging 

applications in medical diagnostics and monitoring. These 

findings illustrate that thermal imaging offers a non-invasive 

and effective alternative for detecting and diagnosing various 

medical conditions, including shock, compared to traditional 

methods. It provides early warning capabilities, improves 

diagnostic accuracy, and enhances patient monitoring in 

clinical settings.[9-17] 

 

3.2 Technological advancements in thermal imaging 

technology for shock detection 

The review appreciates the advantages of diagnostic 

performance of thermal imaging relative to previous methods, 

but it is significant to also point out the technological progress 

that has enabled such a novel approach. The progress of 

thermal imaging technology, especially with regards to shock 

detection, has increased its resolution, sensitivity, and more 

importantly, its diagnosis ability. In the following section, this 

review explores these advancements, examining how they 

contribute to more accurate and timely assessments in clinical 

practice. 

Recent developments in thermal imaging sensors have 

played a crucial role in increasing image resolution and quality 

in terms of sensitivity, ultimately improving image clarity. 

This has resulted in better diagnostic capability and accurate 

shock detection. The high-resolution sensors can now capture 

finer details and subtle temperature differences.[18] 

Better quality sensors can differentiate between skin 

temperature variations more effectively, thereby aiding in the 

early identification of perfusion abnormalities related to shock. 

The research also revealed that automated diagnostic systems 

can be created with the help of thermal imaging combined with 

machine learning and AI. Such systems have the capability to 

predict hemodynamic shock very accurately which in turn can 

help in early intervention as it provides timely alerts.[4] 

The analysis of thermal images has been made better by 

advanced image processing algorithms. The detection of small 

objects and the quality of the whole image have been  
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Table 1: Thermal imaging applications in medical diagnostics and monitoring. 

Aspect Study Description 
Effectiveness Compared to 

Traditional Methods 
Key takeaway 

Hemody-

namic Shock 

Monitori-ng 

Vats et 

al., 

2022[9] 

AI based non-contact 

thermal imaging modality 

for continuous 

monitoring of 

hemodynamic shock in 

pediatric intensive care 

units. 

Achieved an area under the 

curve (AUC) of 0.81 and an 

area under the precision-recall 

curve of 0.78, allowing targets 

to be predicted as early as 6 

hours prior thereby improving 

rapid responses. 

Deep learning on thermal videos can 

accurately predict hemodynamic 

shock in pediatric intensive care 

units, providing sufficient time for 

stabilization and better care. 

Pressure 

Injury 

Detection 

Cai et al., 

2020[10]  
Pressure Injury Detection 

Thermography showed better 

diagnostic efficiency than the 

Braden scale, with significant 

predictive value for pressure 

injuries based on temperature 

differences. 

Infrared thermography is able to pick 

up early warning signs of pressure 

injury, adding ease of use of this 

technique for nurses since it is less 

subjective than other methods. 

Trauma 

Diagnosi-s 

and 

Monitori-ng 

Motiwala 

et al., 

2021[11]  

Evaluation of thermal 

imaging for diagnosing 

and monitoring upper 

limb trauma. 

Found significantly higher skin 

temperatures in fractured limbs 

compared to non-injured sides, 

suggesting effectiveness in 

diagnosing fractures and 

monitoring healing. 

Infrared thermal imaging (IRT) 

successfully diagnoses and monitors 

fracture healing in upper limb trauma, 

potentially detecting fractures not 

initially evident on x-ray. 

Diabetic 

Foot 

Complica-

tions 

Netten et 

al., 

2013[12]  

The study investigates 

the use of infrared 

thermal imaging for the 

automated detection of 

diabetic foot 

complications. 

The experiment indicates that 

infrared thermal imaging is 

feasible for early detection of 

diseases and injuries in patients 

without the need for surgical 

procedures with much greater 

efficiency than standard 

methods. 

Infrared thermal imaging is an 

effective tool for the early and 

accurate detection of diabetic foot 

complications, offering a non-

invasive alternative to traditional 

methods. 

Musculos-

keletal 

Injury 

Detection 

Bunn et 

al., 

2020[13]  

Systematic review with 

meta-analysis on the use 

of infrared thermal 

imaging for detecting 

musculoskeletal injuries. 

Thermography showed good 

diagnostic value with a 

sensitivity of 0.70 and 

specificity of 0.75, indicating 

its effectiveness in detecting 

musculoskeletal injuries. 

Infrared thermal imaging has a 

significant diagnostic value for 

detecting musculoskeletal injuries, 

with a sensitivity of 0.70 and 

specificity of 0.75. 

Breast 

Cancer 

Detection 

Hakim & 

Awale, 

2020[14]  

Review on the 

application of thermal 

imaging for early 

detection of breast 

cancer. 

Thermal imaging is emerging 

as an effective tool for early 

breast cancer detection, 

offering a non-invasive and 

radiation-free alternative to 

traditional imaging methods. 

Thermal imaging shows promise for 

early breast cancer detection, with 

potential for improved accuracy using 

image processing tools, mathematical 

modeling, and artificial intelligence. 

Arthritis 

Monitoring 

Nosrati et 

al., 

2020[15]  

Use of infrared thermal 

imaging to measure 

disease activity in a 

mouse model of 

rheumatoid arthritis. 

Significant positive correlation 

between temperature changes 

and disease progression, with 

thermography proving superior 

to conventional techniques in 

early arthritis detection. 

Infrared thermal imaging (IRT) is a 

valid and reliable method for 

detecting changes in temperature and 

quantifying inflammation in a 

rheumatoid arthritis mouse model, 

making it a valuable tool for 

preclinical drug efficacy studies. 

Stress 

Detection 

Gioia et 

al., 

2022[16]  

Thermal imaging for 

non-contact stress 

classification by 

capturing infrared 

Achieved 97.37% accuracy in 

combination with ANS 

correlates, and 86.84% 

accuracy using thermal features 

alone, indicating high 

Thermal imaging combined with 

autonomic nervous system correlates 

can effectively detect acute stress 

with a contactless system, achieving 

97.37% accuracy. 
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radiation emitted from 

the body. 

effectiveness in contactless 

stress detection. 

Cancer 

Detection 

(Aggarwal, 

2023)[17]  

The study examines the 

application of thermal 

imaging technology in 

the detection of various 

types of cancer. 

Thermography could be used as 

a complementary tool towards 

cancer imaging and could be 

useful for the imaging of 

deeper tissues due to the non-

invasive nature in imaging. 

Thermal imaging is an effective 

supplementary tool for cancer 

detection, providing non-invasive and 

early identification of cancerous 

tissues, thereby improving overall 

diagnostic accuracy. 

improved by methods like deblurring, mathematical 

morphology and, super-resolution among others.[19] Artificial 

Intelligence has raised the bar for precision in thermal image 

reconstruction and object detection by eliminating problems 

like blurring while enhancing dependability of thermography 

based diagnosis. The diagnostic accuracy in thermal image 

analysis has been improved through deep learning and 

machine learning algorithms that are capable of recognizing 

patterns better and making predictions more accurately.[20] 

Multimodal diagnostic methods have resulted from the use 

of thermal imaging in conjunction with other diagnostic tools 

such as ultrasound and MRI. By drawing upon information 

from various points, this combination increases precision. To 

manage shock while averting complications, it is important to 

detect them early enough through coupling thermal imaging 

with other modalities.[21] Integration of thermography with 

different techniques enables one to see and comprehend better 

what is happening beneath which leads to more accurate 

diagnosis generally.[9] 

Multimodal approaches expand dependability and 

correctness in diagnoses by capitalizing on the unique features 

of various imaging methods; this, in turn, paints a much 

clearer picture of what is happening to the patient thereby 

improving clinical outcome.[22] 

Table 2 shows surveys of the wide-ranging literature that 

illustrates technological advancements in thermal imaging 

technology which helped in improving shock detection over 

the last decade. 

 

3.3 Barriers to the widespread adoption of thermal 

imaging for shock detection in medical practice 

As the healthcare landscape evolves, integrating innovative 

technologies like thermal imaging becomes increasingly 

critical. However, the path toward widespread adoption is 

often marked by significant obstacles. What are the key 

barriers that hinder the full implementation of thermal imaging 

for shock detection in medical practice? In the following 

section, we will investigate these challenges, closely 

examining the factors that restrict the effective utilization of 

thermal imaging and their impact on clinical outcomes. 

For accurate detection in the medical field, thermography 

needs some particular environmental controls, this may 

include keeping constant ambient temperature and regulating 

lighting. Meeting these needs can become a problem of 

logistics when it comes to healthcare facilities.[25] 

The reason why high-end thermal imaging systems are not 

used frequently in clinical practice is that they are very costly. 

Excessive cost of high-quality thermal imaging tools is a 

major hindrance to their use in routine medical operations.[26] 

To close the gap in knowledge among healthcare providers, 

training programs should be established and certification 

courses put in place to ensure that they are equipped to use 

thermal imaging technology effectively.[27] 

Policy changes should be pursued in the direction that 

better facilitates the adoption of thermal imaging technology 

into standard medical practice. This can be achieved by setting 

up standards and guidelines on its usage as well as showing its 

clinical benefits through pilot studies and research.[25] 

Here is a summary of the barriers to the widespread 

adoption of thermal imaging for shock detection in medical 

practice and potential solutions, based on studies published 

after 2019. 

There are numerous obstacles to the widespread use of 

thermal imaging for shock detection in medical practice. 

Among the most important is the high cost of equipment. 

Frequently, such good quality devices are extremely costly and 

therefore not readily available in a majority of healthcare 

establishments, especially those located in areas with limited 

resources cannot afford these devices owing to their high price 

which prohibits its adoption and usage by many institutions.[28] 

Lack of standardization in the protocols and guidelines for 

thermal imaging is another major barrier to its adoption as a 

medical practice. This variability also causes different results, 

which makes health care providers reluctant to integrate it into 

their daily work. To solve this problem correctly, it becomes 

vital to establish uniform procedures by partnering with 

regulatory authorities and professional organizations.[28] 

Furthermore, limited clinical evidence makes it difficult to 

get thermal imaging adopted. There have not been enough 

clinical trials which show that thermal imaging can be used for 

detecting shock. This means that it is not widely accepted due 

to lack of strong clinical proof, and doctors do not want to use 

something untested in their profession. In order to prove its 

efficacy in practical medical contexts, there should be more 

large-scaled researches or tests done on it.[9] 

In conclusion, there are also technical challenges and 

reliability concerns that prevent thermal imaging systems from 

being used. It can be difficult to make sure that these systems 

are reliable and accurate when they are used in an environment 

that is always changing. This underscores the necessity for 

enhanced research and development to ensure consistent 

performance under varying conditions. These technical issues  
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Table 2: Innovations in thermal imaging for shock detection. 

Source 

  

Technological 

Advancement 
Description Impact 

Models 

used 
Key Takeaway 

(Nagori et al., 

2019)[4]  

AI-based 

Hemodynamic Shock 

Prediction 

Use of machine learning 

to predict hemodynamic 

shock from thermal 

images in pediatric ICU 

settings, enhancing early 

detection and 

intervention capabilities. 

Achieved a mean 

area under the 

ROC curve of 

75% at 0 hours, 

77% at 3 hours, 

and 69% at 12 

hours. 

Random 

forests 

algorithm 

 

Thermal imaging using 

machine learning can reliably 

detect and predict 

hemodynamic shock, 

potentially saving lives in 

critical illnesses and infectious 

epidemics. 

(Wilson et 

al., 2023)[19]  

Advancements in 

Thermal Imaging 

Sensors 

Improvements in thermal 

imaging sensor 

technology, including 

higher resolution and 

sensitivity, enabling 

better detection and 

analysis in various fields. 

Enhanced 

performance in 

medical, 

industrial, and 

security 

applications. 

— 

Recent advancements in 

thermal imaging technology 

enable nonintrusive, privacy-

protecting applications in 

various fields, with machine-

learning techniques playing a 

crucial role in enhancing image 

quality. 

(Karim & 

Anderson, 

2013)[23]  

Quantum-Well 

Infrared 

Photodetectors 

(QWIPs) 

Development of QWIPs 

and other advanced IR 

detectors, offering higher 

performance and lower 

costs for thermal imaging 

applications. 

Improved spatial 

resolution and 

sensitivity, 

making them 

suitable for 

various high-

performance 

applications. 

— 

Infrared detector technology is 

in its 3rd generation, with 

applications in various fields, 

but requires low temperatures 

and new technologies for better 

performance. 

(Sun,  

2016)[24]  

Thermal Tomography 

for Material 

Evaluation 

Introduction of thermal 

tomography for 

evaluating heterogeneous 

materials, providing 

detailed 3D imaging of 

thermal properties. 

Enhanced ability 

to detect and 

analyze defects in 

composite 

materials. 

Pulsed 

Thermal 

Imaging 

Models 

Modulated 

Thermal 

Imaging 

Models 

Effusivity 

Depth 

Profiles 

Models 

The new thermal tomography 

method allows to evaluate 

heterogeneous materials 

directly by imaging their 

thermal property variations 

with space, improving 

nondestructive evaluation 

capabilities. 

(Gioia et al., 

2022)[16]  

Noninvasive Stress 

Detection 

Development of thermal 

imaging techniques for 

non-contact stress 

classification, using AI to 

analyze thermal features. 

Achieved high 

accuracy in stress 

detection, 

enhancing 

applications in 

healthcare and 

security. 

Nonlinear 

νSVM-RFE 

(Recursive 

Feature 

Elimination

) Decision 

tree 

classifier 

Thermal imaging combined 

with autonomic nervous system 

correlates can effectively detect 

acute stress with a contactless 

system, achieving 97.37% 

accuracy. 
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must be solved before health care workers will trust this 

technology enough for it to be successful.[4] 

 

3.4 Ethical and privacy concerns in thermal imaging and 

policy recommendations 

Despite these technical challenges, another important aspect 

to consider is the ethical implications of using thermal imaging 

in healthcare. As thermal imaging technology becomes more 

advanced and widely used, it raises questions about patient 

privacy, consent, and data security. Addressing these ethical 

concerns is just as crucial as overcoming technical hurdles to 

ensure the technology is used responsibly and gains the trust 

of both healthcare professionals and patients. 

Medical imaging technologies have evolved rapidly, 

offering new applications not only in healthcare but also in 

areas such as lie detection and public surveillance. However, 

these uses raise significant ethical concerns related to privacy, 

informed consent, and potential abuse. With the aging 

population, homecare monitoring systems and assisted living 

technologies have been increasingly promoted to ensure 

timely medical help for patients and the elderly. However, 

these systems often raise ethical concerns, particularly where 

the patient’s information is concerned. Even with the efforts 

directed at implementing privacy-enhancing solutions, there is 

the challenge of establishing information privacy of individual 

patients which has to be taken into account in clinical 

decisions.[29,30]  

Privacy is thus fundamental across all types of medical 

imaging since sensitive information about the patients is often 

recorded without their authorization. As an example, 

teleradiology has to do with the distribution of radiological 

images by electronic means but patients’ concerns must be 

ensured by the proper use of identification and private 

information. Different governmental agencies across the 

country, for example, the health insurance portability and 

accountability Act (HIPAA) in the US and general data 

protection regulation (GDPR) in Europe, emphasize the 

necessity of protecting student information as well as the 

requirement for them to give their approval after being clearly 

informed. 

Moreover, the growing prevalence of artificial intelligence 

(AI) in medical imaging raises concerns about algorithmic 

bias and the use of information about the patient. Ethical 

principles and standards must guarantee that there is no bias 

and that there is transparency and responsibility with respect 

to machine learning (ML) techniques applied in the medical 

imaging context. As various countries adopt different 

measures, there is a need to create a common view on the 

ethical challenges presented by machine learning in the field 

of medicine.[31-33] 

Even though thermal imaging has been found to be useful 

in many medical settings, its non-invasive and contact-free 

qualities raised further issues with ethics, especially 

concerning privacy of the patients. Unlike traditional imaging 

methods, thermal imaging captures sensitive physiological 

data without direct patient involvement, making it challenging 

to obtain explicit informed consent in real-time applications. 

Moreover, there is growing interest in using thermal sensors 

for indoor human monitoring, which further complicates 

privacy concerns due to the continuous, passive collection of 

data without active patient participation.[34,35] In the context of 

shock detection,  where early diagnosis can be lifesaving, the 

ethical dilemma often revolves around balancing the need for 

rapid, accurate data collection with patient autonomy and 

consent. Furthermore, thermal imaging technologies such as 

the low-resolution thermal sensor array (TSA) claim to 

preserve privacy while delivering accurate results; however, 

studies have raised questions about the potential for identity 

recognition from TSA outputs, challenging these privacy 

claims. The current scenario necessitates extensive analysis of 

literature on the potential risks of privacy abuse and devising 

appropriate standards regarding the application of such 

technologies in the clinical environment. Similarly, thermal 

imaging, which is commonly used for non-invasive 

temperature detection in medical and surveillance applications, 

faces challenges regarding privacy and accuracy. The reality 

is that many commercial units of thermal cameras do not work 

well in the field, and childbirth is one such activity when a 

multitude of factors may easily interfere with temperature 

readings.[36] The use of thermal imaging wherever applicable 

in non-invasive ways, for instance during shock detection, also 

raises ethical issues that need to be addressed. Firstly, legal 

rules would ideally be set to be able to safeguard the right of 

the patient and the dryness in the research stroke. This means 

creating consistent procedures for the collection, preservation 

and performance of thermal imaging and measurement cross-

functionally. Additionally, collaboration between healthcare 

providers, engineers, ethicists, and policymakers is essential 

to create ethical guidelines that adapt to the rapidly evolving 

technological landscape. If such interdisciplinary interaction 

is nurtured, the deployment of thermal imaging in clinical 

settings can be controlled in such a way that respects the 

privacy of the patients as well the health care improvement 

potential of the technology.[37-40] 

In conclusion, although thermal imaging seems to have 

considerable potential to provide a new way of performing 

non-invasive diagnostics and early determination of shock 

states, there are still a number of issues which need to be 

resolved in order for the thermal imaging technique to be fully 

utilized in medicine. Key ethical concerns such as patient 

privacy, informed consent, and the responsible use of AI must 

be tackled through robust ethical frameworks and 

interdisciplinary collaboration. The future of thermal imaging 

in healthcare depends not only on technological advancements 

but also on the development of policies that safeguard patient 

rights and dignity.  

 

4. Results and discussion 

This review is a study that examines the use of thermal 

imaging technology in early detection and continuous 
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monitoring of various types of shock within clinical settings. 

It emphasizes on the need for rapid identification and 

intervention in managing shock to prevent mortality rates. 

Commonly, traditional diagnostic methods for diagnosing this 

condition are invasive and time-consuming since they do not 

provide real-time data. Hence there is a necessity for less-

invasive methods such as thermal imaging. 

Fig. 3 represents the ML process for shock detection from 

thermal data. By capturing and preprocessing temperature 

changes, engineering shock-sensitive features, and training an 

optimal model for real-time deployment. Continuous 

monitoring allows for dynamic improvements, ensuring 

robust shock detection in various applications. 

The past decade has witnessed a massive increase in the 

use of thermal imaging in diagnosis, this can be attributed to 

technological developments and the understanding of its 

importance for diagnosis. Recently modern thermal imaging 

systems have integrated enhanced thermal cameras and better 

software which in return provides enhanced imaging that 

processing can yield reliable information.[41] With the 

introduction of Digital Medical Thermal Imaging (DMTI) the 

medical thermal imaging devices have become more compact 

and precise.[42] This has also found applications in many other 

medical specialties such as oncology, rheumatology, 

dermatology, cardiology with the detection of breast cancer, 

diabetic neuropathy, peripheral vascular disease, and 

inflammatory diseases.[27] Collaborative efforts have focused 

on reducing errors and enhancing the reliability of thermal 

imaging.[39] A steady increase in research publications on its 

clinical applications reflects growing interest and validation 

within the medical community. Recent studies highlight the 

need for high-quality diagnostic validation to further establish 

its clinical utility.[43] Looking ahead, developments in 

automatic image recognition algorithms and integration with 

medical information systems are expected to further enhance 

the adoption and effectiveness of thermal imaging in clinical 

settings.[44] 

 

4.1 Key findings 

4.1.1 Comparative effectiveness 

Non-invasive, quickness plus accuracy in monitoring shock is 

shown by thermal imaging superiorly over traditional 

diagnosis. It has been found effective in many conditions such 

as hemodynamic shock, burns evaluation, knee joint 

assessment, breast cancer detection and musculoskeletal 

injuries.[4-6,9] 

 

4.1.2 Technological advancements 

Over the last few years, there have been some break-through 

improvements in thermal imaging sensors as well as in AI 

integration which has helped to increase not only its resolution 

but also sensitivity and diagnostic capabilities as well. It is 

increasingly reliable and accurate owing to its upgraded image 

processing algorithms and multimodal diagnostic methods.[18-

21  

 
Fig. 3: Machine learning workflow for shock detection. 
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4.1.3 Barriers and solutions 

Medical practice may not widely use thermal imaging due to 

its high cost of equipment, non-standardization, technical 

problems, and refusal to embrace change. To be specific, 

inexpensive systems should be developed, protocols must be 

established as standards, large-scale clinical trials should be 

conducted and comprehensive training programs for 

healthcare providers need to be established.[26,17] 

It can be concluded that thermal imaging may offer hope 

as an alternative method of detecting shock other than the 

usual way however it needs to overcome some obstacles 

before being adopted into normal medical procedures. The 

study recommends more investigation, changes in policies and 

new technologies so as to fully utilize thermography in clinics. 

 

5. Future scope 

The results of these studies highlight the possibility of using 

thermal imaging technology to identify and track shock at its 

onset, while also opening up many new areas in which 

research can be conducted. 

 

5.1 Development of Predictive Models for Hemodynamic 

Shock 

As a part of further studies, there is a need to develop and 

authorize AI-based predictive models with the help of thermal 

imaging data so as to predict hemodynamic shock in critical 

care patients. This implies accumulating large datasets from 

ICU settings, using advanced machine learning algorithms 

including Random Forests, Gradient Boosting and deep 

learning models such as LSTM or CNNs. Validating these 

models using metrics rigorously by accuracy, precision, recall, 

F1-score and area under the ROC curve (AUC) measures. 

These types of model might potentially give an indication 

about occurring hemodynamic shocks at early stages that 

allows taking necessary actions in time for better patient 

outcomes.[4,9] 

 

5.2 Real-time Monitoring Systems for Intensive Care 

Another field of study that has potential for the future is an AI-

based continuous monitoring system development which uses 

thermal imaging in order to detect initial signs of shock among 

patients admitted into intensive care units (ICUs). This would 

require collecting ongoing data on thermography as well as 

other physiological parameters from patients within these 

units. Establishing a pipeline for processing real-time 

information and creating models like recurrent neural 

networks (RNN) or long short-term memory (LSTM) that can 

analyze time series data so as to predict early shock. If 

integrated with such a live monitoring programme, this could 

greatly improve the quality of healthcare provided in ICUs by 

giving caregivers warnings about possible shocks whenever 

they occur.[9] 

 

5.3 Addressing barriers to adoption 

To facilitate the widespread adoption of thermal imaging in 

medical practice, future research should also focus on 

addressing the identified barriers. This includes developing 

cost-effective thermal imaging systems, establishing 

standardized protocols and guidelines, conducting large-scale 

clinical trials to validate the technology's effectiveness, and 

providing comprehensive training programs for healthcare 

professionals. Additionally, integrating thermal imaging 

technology with existing hospital information systems and 

addressing data privacy and security concerns through robust 

encryption and compliance measures are critical steps to 

ensure smooth adoption in clinical settings.[17,26,27] 

 

6. Research gaps 

6.1 Knowledge gap 

Lack of established temperature profiles for different types of 

shock: Existing literature does not provide defined 

temperature profiles for various types of shock, leaving a gap 

in understanding specific thermal characteristics associated 

with each type. 

 

6.2 Methodological gap 

Need for infrared thermography studies on patients with 

different types of shock: The absence of studies using infrared 

thermography to analyze patients with various shock types 

highlights a methodological gap, as this approach could 

provide insights into temperature profiling. 

 

6.3 Data gap 

Undefined temperature ranges for specific shock types (e.g., 

hypovolemic, cardiogenic, septic): There is a lack of specific 

data detailing temperature ranges associated with each type of 

shock, which limits precise classification and diagnosis based 

on temperature variations. 

These gaps reflect areas where further research and data 

collection are needed to advance knowledge, methodology, 

and data completeness in temperature profiling of shock types. 

 

7. Conclusion 

This paper proposes a review of the application of 

thermographic technology for diagnosing shock at its early 

stages as well as monitoring it continuously in clinical settings. 

The method identifies fast and accurate diagnosis as a priority 

in preventing the morbidity and mortality that accompany 

shock. This study shows that non-invasive, real-time 

monitoring across different medical conditions is the main 

advantage of thermal imaging over traditional methods in 

assessing its efficiency. Advances in diagnostic capabilities 

brought about by AI integration and thermal sensor 

technologies are illustrated within this review. Some of the 

challenges that need to be overcome include expensive 

equipment, a lack of standardisation, and resistance to change, 

although there is much promise shown. 

As such, future research should concentrate on affordable 

solution development together with the establishment of 

standardized protocols coupled with large-scale clinical trials 
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necessary for proving the validity of this technology. 

Furthermore, privacy must be ensured while integrating 

thermographic systems into already existing medical ones so 

that data can be protected against misuse or unauthorized 

access. During the widespread adoption anticipated in future 

years, thermal imaging technology may prove to be more 

powerful than expected. Study says that not only is thermal 

imaging better at finding shocks than any other existing 

method, but it can also be used in a variety of different ways. 

Therefore, timely intervention could potentially save 

countless lives, emphasizing the importance of continued 

research and development in this area. 
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