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Abstract 

The medical employ of thermography by infrared began in Germany shortly after 1950, where the 

single thermal picture of the individuals affected was shown long before (1928). Single IR detectors 

were used at the outset. For a long time, Thermal photography cameras soon taken from combat 

operations operations from low (thermal rather than spatial) resolution  And extraordinarily 

high product value In addition,  The decrease in lapptop hardware value and software value puters. 

Since about 1980, better medical-suitable technology has been available hot thermocouple scale FPA 

processes have become more reachable, primarily LN2 cooled MCT scanners and then used widely, 

after 2000 and have been widely used in medicine, despite some methodological concerns leading to 

medical misinterpretation. CE certification was issued for the individual medical thermal photography 

process. in 2007, enabling them to be used as medical instruments for thermal measurement 

Complying with European Health Instructions. Other instruments minus CE health qualification are 

restricted as photography is not required. Functions for measurement and not being recording the 

temperature. A wide range of uses are covered by trained medical infrared imaging: breast area of 

female, rheumatology and orthopaedics, neurology, cardiac photography practical (swing -libration 

vascular thrombosis), lab test , surgical interventions and completing body picturing , containing 

sensitive of thermal effort tests thermal radiation. 
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Introduction  

Medical evaluation is based on both structural and functional evidence. Structural 

techniques are X-radiation, Doppler effect, light microscopy and the magnetic resonance 

electron. Electrocardiogram, hematology pressure measurement, electroencephalogram , 

pulmonary air flow management and thermos-picture are practical techniques. 

Centered on state of the art technology, institutional criteria and protocols, and competent 

experiments,, each diagnostic technique has its own scientific methodology and knowledge 

base. Each method's diagnostic value It is distinguished by its highsensitivity and its precision 

(ability to diagnose illness). 

The first decades of medical infrared thermography were not approved by the medical 

community due to many shortcomings(Many branched techniques and heath agreement, 

long-standing thermal structures, soft or without computer mechanical operations). The 

majority of doctors have favored good structural evaluation methods such as X-ray 
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(computer tomography) growth, Doppler effect and magnetic resonance electron.. 

Structural imaging by ills is easier to correlate with function processes. And there is a 

growing potential for thermal photography in modern medicine. 

There is a strong diagnostic accuracy in IR thermography and can therefore classify medical 

safety  rather than  single  decline from the condition of object medical safety . New 

horizons for IR thermography are opened by the recent shift from the conventional medical 

model A new approach to development (identifying and minimizing hazards) (diagnosis and 

repair) and improved identification of medicine and helping to support it could be possible. 

Medicine's thermal  picture  

In 1956, [1] when patients of breast tumor  were tested  for asymmetric thermal  spots 

rather than  vascularity in IR picture  of the breasts, the first recorded use of thermal  

picturing in medicine field .but some  scientific results have been published ( [2,3] and the 

first boom in medical  field suppling of IR technology [4]  was observed in the 1960s, [5] with 

the firstly process  of breast tumor  evaluation . In medicine today, thermal   picture  was  

not always   accepted, primarily due to the early employ. The process, the shallow under-

standing of thermal  images, and its poorly handled introduction to breast cancer detection 

in the 1970s [6] . Recently, developments have moved forward a series of activities in a 

range of related areas to identify the role of IR imaging in medicine  [7,8,9,10,11] . These 

developments . In order to determine health status and assessment, an affectation-effective, 

non-surgical, non-harmful and friend of injured patients can also evaluate assistance, 

including the development of new-production thermal technology, intelligent image 

treatment viruses, and physiological illness-depending on thermal image information. 

The region between visible and microwaves in the spectrum is dominated by IR radiation. 

Based on their temperature,, all objects in the universe emit radiation in the  thermal  area. 

It gives more strong radiation from the infrared when an object gets warmer, It radiates to a 

lower one, wavelength[9]. IR rays cannot be observed by the sight of a human, Thermal 

cameras and detectors can, however, be identified. Figure 1 displays the fine-scale IR 

spectral band. It is not settled on and can vary the boundaries between various IR spectral 

regions. The limits that we accept here  [12,13] 

In general, IR radiation encompasses wavelengths ranging from 0.751 m to 10001 m, among 

which typical human body emissions measured for diagnostic purposes only occupy a 

narrow band at wavelengths of 81 m to 121 m[14] . The thermal wave is predicated on 

references [16,16,17,18,19]. This area is also known as the infrared rays of the long-wave IR 

(LWIR) or body. Thermal infrared (TIR) is another concept generally used in medical IR 

imaging, which, as shown in Fig. 1, above Fig, spans wavelengths.  The continuum of 

electromagnetics and the Thermal Sector roughly 1.41m.  

In this area, the thermal emission is primarily heat or thermal radiation, and thus the 

thermo-graphy symbol. The image of the thermal exposure yield is known as the thermal 

image. The near infrared (NIR) zone occupies wavelengths between 0.751 m and 1.41m. In 

this region, the thermal diffusion we find is without thermal diffusion[18]. 
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The use of multispectral imaging in medicine has been made possible by new-generation 

detectors, despite the near and mid-wave thermal locals are not commonly used in human 

body imaging photography in which both NIR[20]  and MWIR (Once of Naval Research Press 

Release )are detected in various diagnostic cases. In this paper, we focus on the issue of 

thermal imaging in health with the entire thermal spectral region, 

Understanding of IR Imaging Pathophysiologically Dependent 

Thermal picturing is a biophysiological analysis that screens for minor physiological changes 

that several disorders, such as contusions, fractures, burns, carcinomas, lymphomas, 

melanomas, prostate cancer, dermatological diseases, rheumatoid arthritis, diabetes 

mellitus, deep venous thrombosis (DVT), liver disease, bacterial infections, etc., may trigger. 

Regional vasodilation, hyperthermia, hyperperfusion, hypermetabolism, and 

hypervascularization [21.22.23.24.25,26] are generally associated with these conditions, 

producing higher-temperature sources of heat. thermal picturing offers practical data non 

readily calculated with other tests, various picturing systems like X-radiation traditionally 

and computed tomography , which mainly it gives data on anatomical aspects. Proper 

employ of thermal pictures therefore useful in thickness biophysiological expertise its own e-

elective understanding. Tumor biological cells as a type of chronic genes modification from 

an natural biological cell resulted with certain equipped physical effects, such as chemical 

factors, X-radiation, ultra violet, etc. The imbalanced metabolic activity in all types of cancer 

cell. 

It leads to the use of a large dose of blood glucose and results in a high dose  of lact

ate in the blood. In addition, the high metabolic rate of cancer cells causes an increase in 

local temperature as compared to nor- mal cells. These variables have allowed IR imaging to 

visualize the anomaly as a viable process. Thermal imaging provides the best complex 

strange cell information as the strange cell appears as a soft cell, despite being able to 

improve rapidly, working it as a high temperature spot in the thermal picture [27.28] . The 

heat originating from the heat supply and the hematological environment on the surface 

was quantitated using the betwwen biological cell and Pennes heat link equation [29] . This 

formula involves the shift in heat respect or biological cell attachment, the metabolic heat 

output of biological cell size, and the rate of hematology perfusion size whose strength is 

understood to be the difference in arterio-venous temperature [30] . 

k¢2T ¡ cbwb(T ¡ Ta) + qm = 0 (1) 
K is conductivity, qm is the tissue's volumetric metabolic rate, cbwb is the product of the 

basic heat power and the blood mass °ow rate per unit volume of biological cell, T is the 

unidentified tissue temperature, and Ta is the arte-rial temperature. Theoretically, 

considering the ema- nating heat from the surface of the body determined By solving the 

problem of heat movement, we can find the heat style of various internal parts of the body 

through high thermal imagery. Various states of solving heat transfer in the biological cell 

equation have been documented in literature [31,32]. 

Al- Although thermodynamics can quantify a thermal body's thermal radiation, the 

complexity of the biological body-related boundary conditions makes this method 

impractical. 
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A multi-stage analytical repair is biological spectroscopy, including initialization of spacemen, 

learning the spectrum, repair, and data analysis. One of these steps is hard to find recorded 

findings in appropriate handling tests [33]. Any molecule has an appropriate infrared 

spectrum, just like any molecule has its own appropriate vibrational properties. Based on 

this fact, wave frequency spectroscopy was regarded as a wonderful instrument in the 

characteristics of multi atomic components. Spectrum comprises a collection of acceptable 

characteristics such as band position, band depth, and band density with area re-running 

between bands and peaks to a representation of the multi atomic components of the 

specimen. These properties may be used in various environments, such as disease states, to 

acquire functional group information or track molecules. Raman spectroscopy, infrared 

spectroscopy, and 10^ 12 Hz spectroscopy are used in wavelength spectroscopy. Ill states 

allow changes in multi-atomic structure, density, elements, and multi-molecular roles to be 

expressed in the frequency spectrum bands and can be resold with frequency spectroscopy 

device analyzed. [34,35]. Infrared spectroscopy consists of IR spectroscopy which is far, mid, 

and close. In biological and medical fields, vibrational spectroscopy has been commonly 

used. As a simple, precise, non-invasive, cost-effective and operator-independent tool, This 

analytical system offers distinct data to assess the spectral agent that increases from 

environmental and pathological conditions. Here in this chapter, we will discuss infrared 

analysis in the feature post. The characteristic effect is a recurrent instability between the 

state of power absorption and dissipation that activates hyper weight gain. In last years , the 

prevalence of obesity has risen significantly and achieved global epidemic proportions [36,37] 

.Unhealthy eating patterns, decreased physical activity, Life design improvement, planning, 

genetic preparation, and youth opposite contribute to an environment that promotes 

characteristics that allows these ills to be gradually diffused by most older classes.[38] .A 

level of specific body fat aggregation results in the respective improvement of a distinct 

metabolic virus like insulin confrontation, high glucose sensor, diabetes event, high blood 

pressure, blood fat adjustment, brain stopping, disease  of fatty liver, disease  of coronary 

heart, tumor, and disease of metabolic [39,40,41]. The advent of metabolic complications 

leads to genetic and environmental factors, leading to a major medicine and a major 

economic challenge. Obesity also causes performance to decline due to daily work failures, 

death ratio and chronic deficiency [42,43,44] Along with excess expenditure on health care. 

Early diagnosis is desperately needed, taking into account the non-health implications and 

medical hazards associated with more fat in the body. 

A variety of approaches have been suggested for identifying and characterizing obesity and 

treating this global burden. The Quetelet Index represents the Body Mass Index (BMI, with 

unit, in kg/m2) that is widely used and measured in kilograms converted into meters 

squared by body weight, like body weight. Additionally, as a body fat code, ultra-weight (25-

30 g/m2), [45]  may be unique. The waist circumference (WC) is often used to track central 

obesity and is measured at a level between the lowest rib and the iliac crest. The risk of 

disease is determined by a cut-off of 102 cm for men and 88 cm for women with regard to 

the World Health Organization (WHO). This approach defines the danger of obesity poorly in 

relation to its systemic difficulties, such as the established issue of measuring bones. As 

more precise methods for measuring fat lining concentration and body fat spread, magnetic 

resonance imaging (MRI) or double energy X-radiation absorption (DEXA) have been used 
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[46] . They are expensive and inaccessible, so other techniques are skin layer thickness, 

double X-radiation power absorptiometry, bio-electrical resistance, preferred layout, down 

water calculation, CT scan, and close thermal contact. Most of the measured ones are costly 

and rely on theory and styles without control [47,48]. Because of the above-mentioned 

advantages, high sensitivity and ease of application. In the field of biophysical and medical 

articles, infrared wavelength represents the strong energy. In addition, during the 

appointment method, infrared frequency is recorded as a high that is more suitable to 

determine the amount of structure change, function, composition and separation of 

biologically in a relationship components in the specimen. 

The interactions between matter and spectroscopy are based on (sample nalyzed) 

Radiation wave frequency section. Infrared spectroscopy reflects the many well-known 

analytical methods that can be used to evaluate each type of spaceman, such as solutions, 

powders, liquids, pastes and top planesThermal frequencies have been economically useful 

since the 1940s [49] . The very structured increase in thermal wavelength is the beginning of 

the Fourier-transform formula in the spectrometer unit. This tool uses a coordination scale 

and potentially defines the Fourier-transformation mechanism as a benefit. Fourier-

transform infrared wavelengths have the potential to notice specimens in their fluid state. 

The accuracy of IR spectra has been significantly improved and the time needed for data 

acquisition has been minimized [50,51] . Furthermore, with continuous progress in the 

laptop and light microscope combined with the computer, IR spectroscopy has made more 

substantial strides. This section abbreviates the essential ideas and their principles related 

by thermal wavelength and microscopy. 

The infrared spectrometer is a system supplied to the infrared wavelength absorption watch 

that accepts the opening of the multi atom between changing levels of power. The different 

frequency between changing levels is expressed when the infrared frequency supplement is 

represented. Notification of infrared radiation absorption and a top peak is determined. If 

the absorbed frequency is limited, the infrared frequency and energy are measured as a 

wavelength function. With infrared study, the motion between strong frequency and curve 

changes is determined. A chemical infrared wavelength substance is a clone of a multi 

atomic for its fixed wavelength. Infrared microscopy is a kind of light microscopy, often 

referred to as IR micro scale spectroscopy, which is useful as a supply that moves infrared  

light frequencies to recognize the image of the specimen. The infrared microscope has optics 

like reflective properties that have allowed it to limit the spectrum of all thermal light 

wavelengths. This system normally consists of an FTIR spectrometer, an optical microscope, 

and an IR detector. In order to display various parts of the sample. At a single point, a 

straight array or centered in the plane array point, the infrared assessment will detect 

thermal light. This allows both topical and wavy information to be processed with respect to 

the specimen part. The microscope's FT infrared sample is reserved for FT infrared 

microscopy. The spectrometer's infrared radiation instruments focus on a sample position in 

the conventional x-radiation process of the light microscope. Upon moving through the 

sample that produces images of the sample within the restricted area at the microscope, the 

infrared bands are obtained with topical [52] . A variable aperture is located inside this 

image plane. The radiation is concentrated on the MCT detector by another condenser after 
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that. Work to imagine the viewing of models clearly, there are also glass targets. 

Additionally, by moving mirrors in the optical train, the microscope can be transformed from 

the transmission mode to the reflectance mode. 

1-Medical thermography and infrared imaging background 

In Germany, the use of infrared thermography for medical targets started in 1952, together 

with physicist testing, SCHWAMM enhancement of an individual infrared thermometer 

detector for cascading thermal estimates of individual surface areas of the skin to determine 

outcomes [53]. Their method has been patented in many countries, including the USA. The 

individual thermographic health connected with them was noted in 1954. The Deutsche 

Gesellschaft für Thermographie and Regulationsmedizin e.V. (Deutsche Gesellschaft für 

Thermographie und Regulationsmedizin e.V., German Field for Thermal Imaging and Health 

Coordination) continues to be effective today. In the world, both created and tested medical 

thermographic medical ties. In figure 1, the first medical thermographic system is seen. 

 

 

 

 

 

 

 

 

Figure. 1: First thermographic medical unit, developed in 1953 by SCHWAMM and REEH 

 

 

2- Thermography of electronic and LC (liquid crystal) contacts 

     The temperature of the skin may also be measured by touch measurement. For unique 

synthesis as well as plates for two-dimensional region shielding, like encapsulated LC LC, one 

of the essential thermal measurement thermocouples of electronics as Fig2 has been used 

(liquid cholesterol crystals, Fig.3) [54,55,56,57].  These tools are of historical use where they 

have been 
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extremely expensive to use as long as thermal cameras have been used and are being 

installed at an early stage. A range of disadvantages, including contact interference with the 

restricted section. 

 

 

 

 

 

 

Figure. 2: Thermocouples of electronics using  for fustigation of  medical  

 

Figure. 3: touch thermos –picture device  with fluid   

 

 

 

 

 

 

Figure. 4: The iconic 1985 Zeiss Icotherm 
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Figure 5: Thermovision cameras which are medically commonly Using  

     The last 20 years have been characterized by a "explosion" of thermal camera models and 

manufacturing rather than being used for health objectives. Their software program is 

growth, as it is historically based on the scanning sensor process. Furthermore, through 

completely new technology, individual thermal cameras, non-cooled focus plane array 

thermocouple cameras, found for health use, facing noise, still pattern, thermal withdrawal 

and increased instability at the beginning (Fig. 6). 

 

Figure. 6: Compare between cooled scanner sensor and non-cooled focus plane array 

cameras   
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Together with advanced microelectronic infrared cameras, significant advantages have 

recently been achieved. It is a slow recording (1 Hz) and therefore not a real-time imaging 

system, although it is still necessary to call the cooled MCT scanner the gold standard. 

Scanners for growth, such as the Jenoptik VarioScan HR (Fig. 7) by high analysis and greater 

stability, multi-sensitivity (better than 30 mK) and thermal drift estrangement, the 

illumination, penetrating, audio problem and pixel-free images are given. 

 

 

 

 

 

 

 

Figure 7: The gold standard in medical thermography still today: Jenoptik VarioScan HR 

The geometric resolution of even Compared to Megapixel cameras, the new high-resolution 

thermal cameras are lightweight and arrive to 1 x106 sensors with resolution development 

.Thermal cameras are ideal for medical use with High Research Matrix Microbolometer Fig. 

8).  

 

 

 

 

 

 

 

 

 

 

 Figure 8: Improved  analysis 384x288 Jenoptik VarioCam HR  
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3- Early cameras for IR 

The early infrared cameras were weak from today's point of view in terms of thermal and 

geometric resolution and many other things, For example, equilibrium, reproducibility, precise results . 

Nevertheless, they found that the measured values to be stated were therefore non-contact, dealing with the 

calculated skin, single employed with (Lawson, 1956.)[58] . In the mid-1980s, the researcher Carl Zeiss 

Oberkochen enhancement noticed heath system at a time span of several years. The 

Icotherm LN2 cooled MCT scanner (Fig. 4), which is sadly highly costly and unaffordable for 

doctors and clinics. For the most part,since 1983, BERZ [59.60,61,62] has used all cameras, 

the more approved watch hot machines (Fig. 5), the medical standard at high time. Body 

heat is produced and holds the center temperature is provided by metabolism and muscular 

activity, slowly vibration scale (close to 37 ° degree). The heat disappears from the body 

rather than the skin, convection, infrared ray, and surface steam when breathing and other 

processes, depending on both environmental factors and surface outcomes, Fig. (9).With 

convection (blood drift) and attachment, heat is transported within the organism. 

 

Figure. 9: On the surface of the biological cell, heat loss processes 

There is no closely unlearned skin thermal blueprint under administered experimental 

conditions. That is the acquisition of, well explained by human physiology and 

pathophysiology, of various synergistic and antagonistic factors and processes. According to 

the PLANCK law, the dry human surface, nearly built black body [63], is a low thermal wave 

frequency with a high emission of about 10 μm. 

In general, the biological tissue has a "heat stairway" with the highest heat in the head and 

down the field escorted with the trunk and lowered to the digits of the toes farther on the 

limbs. There is excess heat that cannot be used while the skin is above the surface for 

diagnosis (for example, down the breasts section , Fig. 6). Lateral symmetry is the most 

important feature of the tissue surface temperature design. 

3. Diagnostic Infrared Devices Medical Criteria 

1- The IR Cameras 

Medically appropriate IR cameras have to follow those specifications. The geometric 

resolution and temperature analysis of the detector components is similar to 80 °C or more, 
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ideally greater than 50 °C. It is important to reliably increase the computed values . It is 

important to keep the thermal drift in a very narrow range . 

Several well-known infrared cameras have recently met these specifications. Individual 

infrared cameras used for medical computing must be medically CE-certified and certified in 

accordance with medical device legislation (in Germany Medizinproduktegesetz).2- 

Assessment and data administration 

In a data analysis that has the capacity to be used in reading in any external medical 

program, the measurement information must be sent to the lossless data management 

system. Characteristic magnitude analysis used by many infrared camera instruments makes 

their cameras unsuitable for health use. The arrangement of magnitude in health artifacts is 

extremely constrained and cannot be accomplished by standard software programs supplied 

by many universally available infrared cameras. All IR applications emoloyed for health 

objectives must be certified rather than approved in accordance with the regulations on 

medical devices, similar to IR cameras (in Germany Medizinproduktegesetz). 

3- Method of data assessment and diagnosis 

The challenging and softer link with the health infrared thermal image sequence is the use of 

a checked, evaluated and clinically reliable software solution. A CE certifying body must 

testify to the overall accuracy of the thermal camera movement measurement study via a 

laptop in the medical infrared external software program. On the basis of precise 

measurement results, medical IR services will evaluate the data evaluation process and 

provide recommendations for pathological processes, diagnostic relevance, and therapeutic 

considerations. Medical Officer. 

4-Protocols and standardization 

Medical infrared thermography has been distinguished by a lack of agreed and mandatory 

general requirements in recent decades. Before and during the test, these requirements 

shall cover In the clinic, patient planning and patient management (details in ROST [60] . 

Similarly, the data management and storage procedures, the use of geometric or other 

assessment methods, and the statistical techniques used must obey agreed protocols. Unlike 

the situation in the USA, where there are many competing medical associations and 

academies, there are only two approved and cooperating infrared thermography medical 

societies in Europe: the Deutsche Gesellschaft für Thermographie und Regulationsmedizin 

e.V., referred to above. (DGTR Deutsche Gesellschaft für Thermographie and Control 

Medicine), which has been in existence . 

Health consumers with unsafe approved infrared thermal image systems (referring to health 

staff, experienced physicians, clinic managers, etc.) are more detrimental to the option of 

both fines and expenses without harmonious infrared equipment. 
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4. Medical Infrared Imaging utilization  Developed 

There are several medical areas where it is possible to apply infrared thermography. Just a 

brief description (details in BERZ [64,65,66,67]in ROST and BERZ  [68]  and BERZ and SAUER 

can be given here. 

A- Breast imaging in the infrared ( Fig. 11) 

B- Whole body Infrared Control  picturing - thermal I(Fig. 10) 

C- Divisional infrared photography of some body parts 

D- Joint pain, protection of the bone, joint  picturing (Fig. 12) 

E- Neuroscience F- blood capillary vessels, Infrared venous, arterial and vein picturing Fig. 13 

 

 

 

 

 

 

 

 Figs. 10 and 11: Kit for inspection (left) and corresponding image of breast cancer 

(right) 

 

 

 

 

 

 

 

 

 

 

 Fig. 12: Gonarthritis of the left knee: 
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Discussion and conclusion  

  This article addressed recent medical thermography research advances with an 

emphasis detection of breast tumor at an early stage. The aim is to demonstrate that 

infrared imaging is appropriate to be used as an individual phase to complement both 

health surveillance and medical assessment with regard to the use of infrared devices, 

the image treatment system and electrocardiogram pathophysiological design. We 

have set up a website [69] to enable scientists working within the medical tomography 

limit to share article findings. We appreciate this set list's contributions to Enrich. 

The infrared instrument is a spectroscopic oscillator device that depends on the type 

of infrared radiation compared to the concussion of multi-atom bonds [70 ] .It is a versatile 

instrument for studying biomolecules, cells, and tissue Alterations in structure, roles , and 

composition. In recent years, the efficiency of this technique In medical cases, like tumors 

and metabolic diseases, has continued to be enhanced by scientific researchers  . Obesity 

one of the main factors in tissues like adipose, liver, and muscle is That rising  the number of 

harmful diseases. Unilateral blockages and consequences . Using  infrared device  system , it 

is possible to classify molecular modifications as a result of obesity, to consider the multi-

atom activity of the disease,, and accurate biomarkers of the spectrum that can be used for 

diagnosis  can be identified. In addition, to classify the required The medications, and their 

medication doses,these spectral biomarkers may be used. Applications of spectroscopic and 

microscopic infrared techniques for characterization. This chapter addresses understanding 

the diagnosis of magnitude, the metabolism of immensity will resolve the unequal influence 

of these approaches.Such new methods in the future, light will be added to the estimation 

of importance in medical applications [71] . 

Capturing and analyzing infrared images is an excellent technology that enables non-

contact, non-invasive biological system investigation, both in preclinical research 

environments and in patient clinical evaluation. No harmful radiation or other interventions 

are exposed to the examined specimen, and thus infrared imaging can be considered to be 

one of the few genuinely green imaging technologies with a great potential for widespread 

use both in various clinical medicine specialties and in research settings [ 72]. 

It is a low-cost, non-radioactive detection tool for the study of skin temperature-

related physiological roles called medical infrared thermography that has been used without 

surgery. Medical thermography has been made a reliable medical measurement instrument 

by technical advances. A scientific literature search [73] was carried out in order to explore 

the long-standing assessment and warning value of medical thermography in general 

medical research. Endocrine glands, repair medicine, musculoskeletal sweats, neural 

vacillates, tumors and surgery, hover in the area of capillary sweats, We have identified 

prospective applications. It also helps to know the way Western medical program activities, 

such as Ayurveda, yoga, and pricked danbees. Coming research must focus on medical 

thermography testing and clinical modification feasibility testing [35]. 
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