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ABSTRACT: Active thermography (AT) is a non-destructive testing method that has been 

intensively investigated for the characterization and assessment of biological and industrial 

materials, among other things. Passive thermal imaging is limited to distinguishing between an 

oral malignant, benign, and cyst based on temperature differences. The proposed work 

introduces the Active pulsed thermography (AT) technique to investigate ten oral malignant, 

benign, and cysts samples. Each specimen sample provides more physiologically relevant 

measures with good contrast based on the rate of change in temperature and thermal recovery 

time. The experimental result shows that with heating modulation, we discovered that the 

average rate of temperature change in the tumor (0.35 ± 0.10°C/sec) was greater than that of 

benign and cyst tissue (0.33 ± 0.1 °C/sec) and (0.28 ± 0.1 °C/sec). Thermal recovery time in 

cancer tissue, on the other hand, was shorter (τ=0.6 ± 0.3sec) than in benign tissue (τ = 0.48 

±0.24 sec) and cyst (τ=0.46 ±0.22sec). The results are validated with the gold standard 

histopathology techniques. Because of its intrinsic label-free and physiology-based approach, 

our findings imply that Active Pulsed Thermography may be a promising tumour detection 

method for clinical use in the future. 

 
KEYWORDS: Passive Thermography; Pulsed Thermography; Formalin-Fixed Oral samples; 

Thermal contrast; Histopathology; cell density; Protein; Lipids. 

1. Introduction: 

Oral cancer is sixth most frequent cancer in the world, behind lung cancer and breast cancer. 

It is a severe public health issue that must not be overlooked. India has themost significant 

number of incidences of oral cancer, with 77000 new cases identified each year and 52000 

fatalities reported. The public burden of oral cancer is enormous due to the origin of the disease 

and the associated morbidity. When a patient has a history of smoking, smokeless tobacco [1], 
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betel-quid usage, chronic alcohol misuse, untidy oral hygiene, poor nutrition, and extended viral 

infections such as the Human Papilloma Virus, the likelihood of developing oral cancer increases 

dramatically (HPV) [2]. The delayed diagnosis, oral disease,and an ineffective cure lead to a 

five-year survival rate of 20%. [3]. 

Imaging methods for cancer diagnosis such as X-ray, CT (computerised tomography), and 

PET (positron emission tomography) are already available, although they all include the threat 

of radiation exposure. While MRI (magnetic resonance imaging) gives 3D structural 

information, it is both expensive and time-consuming to do because of the long picture capture 

period. Recently, molecular imaging has gained popularity in discovering therapeutic 

applications [4, 5]. However, because most molecular imaging probes require the injection of 

fluorescent dye or targeting probes into a person, quick clinical translation is hampered by 

concerns about regulatory compliance and patient safety. The FDA authorized the VELscope®, 

a non-magnifying hand-held tool, in 2006 for direct observation of oral mucosa 

autofluorescence [6]. The published research results with 44 individual subjects revealed that 

the approach had high sensitivity and specificity in distinguishing OSCC from normal oral 

mucosa [7].Future researchers hope to increase the instrument's specificity to make it more 

widely available for clinical use. A lesion sample is necessary for histological examination and 

subtyping since imaging scans are difficult to interpret in SCC diagnosis. A biopsy is frequently 

used to detect malignant tissues, which entails the collection of invasive tissue samples. 

The intraoperative frozen section biopsy is often used to distinguish malignant tissue from 

normal tissue during surgery. Manually viewing slides stained with H&E and examined by 

pathologists for disease diagnosis is time-consuming and labour-intensive. Since these methods 

take longer (say, 48 hours) for pathology results to arrive, they are more expensive [8]. Due to 

manual error and false-negative results, there is a need for a device to diagnosethe resected 

tissue along with the margins rapidly and accurately. Since The pathological study of removed 

tissue can take several days, and if the margins are positive, a second surgery to remove 

additional tissue is required. The double procedure raises the risk of infection, raises the 

treatment expense, and lowers the patient's and surgeon's morale. 

Furthermore, thermal imaging has been utilised for many years to examine medical diseases 

involving heat changes in the body or skin without extra sensors [9-10]. Thermography was 

first used as a portable non-destructive commercial inspection method to find hidden faults in 

hard-to-reach areas [11]. Thermography techniques have proven helpful in diagnosing breast 

cancer without the need for fluorescent dyes [12–13]. Thermographic scans reveal temperature 

distribution concerning the targeted tissue's function, physiology, and metabolic activity. The 

emissivity, underlying blood supply, environmental factors, and the thermal state of a tumor 
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surrounded by healthy tissue are all determined by the temperature of the skin's surface. 

However, because temperature changes are frequently less than 1.5 degrees Celsius, this 

passive infrared camera modality is subject to false results and low sensitivity [14-15].The 

most extensively used active approach of infrared thermographic (NDT& E) is pulsed 

transient and lock-in thermography [16]. The specimen surface is periodically heated (from 

ms to s) by multiple heating sources in pulsed transient thermography. An infrared camera 

captured the resulting thermal transient at the surface. The thermal and physical qualities of 

the material and its thickness influence the duration of the heating pulse [17]. When there is a 

subsurface fault or feature, heat transmission into the sample is disrupted, resulting in a 

temperature differential at the surface that may be detected using an infrared system. [18,19]. 

We anticipate that Active Pulsed Thermography-controlled heating provides more excellent 

contrast between oral cancer, benign, and cyst tissue to address these constraints. This 

distinction is likely owing to changes in the temperature state and thermo-physiological 

features of the diseased tissue, such as cell density, which may result in divergent patterns in 

response to well regulated thermal modulation. The contrast in our method, on the other 

hand, was related to the qualities of cell density, and substances such as protein and lipid are 

responsible for tissue heating and thermal properties. The technology can also be used as an 

auxiliary means to diagnose pathology. This approach is quick and fast and has a wide variety 

of applications in the medical field. As far till now, no comprehensive investigation has been 

conducted on the continuous application of heat modulation for tumour margin detection. It is 

the first time that active pulsed thermography has been utilised to study formalin-fixed oral 

tissues that we are aware of, and the results are encouraging. 

The following sections are organized as follows. Firstly, oral cancer and basics of Active 

thermography are introduced in Section 1. Next, the experimental study of each oral tissues 

sample using an active pulsed thermography technique is reviewed under Section 2. Results 

and discussion are evaluated in Section 3. After that, the results validated with 

immunohistopathology  and a conclusion is presented in Section 4. 

II MATERIALS AND METHODS 

Ten oral cancer, benign, and cyst specimens were collected from 15 individual subjects 

between March 2019 and May 2020 for this investigation. Each subject gave written consent 

for their tissue to be utilized in research. The procedures are carried out following the 

guidelines of the Helsinki Declaration. The Obtained tissue is cut into thin slices with a 

dimension of 1.5cm X 1.2 cm X 0.3 cm and preserved in formalin. 

 
2.1 ACTIVE PULSED THERMOGRAPHY EXPERIMENTAL STUDY 

 

https://www.mdpi.com/2076-3417/11/24/12168/htm#sec2-applsci-11-12168
https://www.mdpi.com/2076-3417/11/24/12168/htm#sec3-applsci-11-12168
https://www.mdpi.com/2076-3417/11/24/12168/htm#sec4-applsci-11-12168
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A short pulse of energy is given to the surface of the specimen in pulsed thermography (PT), as seen in 

Fig 1. Figure 2 shows the different formalin-fixed tissues taken for the experimental study. Figure 1a 

shows the experimental set-up of Pulsed thermography in IGCAR, Kalpakkam. FLIR x6540sc IR camera 

is used for the analysis. The heating pulse causes the specimen to emit thermal waves of various 

frequencies 
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The rate of change in surface temperature (i.e. temperature contrast) is recorded using a 

thermal infrared camera. As additional energy is injected into the sample, the dose of radiation 

released from the surface (reflection mode) is tracked over time using an infrared camera. 

Infrared radiation is detected at 3–5 microns, with a frame rate of 50 Hz being ideal. 

Two 1600 W xenonflashlights were used in the APT testing. The flash lasted less than 2 

milliseconds. The temperature of the material varies fast after an initial thermal disturbance 

because the thermal front propagates beneath the surface of the material, as well as because of 

radiation and convection losses, and the thermal front propagates under the surface of the 

material.When examining the surface temperature, deficiencies show as patches of varying 

temperatures about a nearby region due to the presence of the defect. Thermal diffusion 

happens when the heat is applied, and the IR camera detects the ensuing thermal profiles on 

the object's surface.The dynamic thermal diffusion process is the key to the contrast obtainable 

by this technique and is described by the equation (1) for thermal conduction for the 

temperature T(x, t)  

-------------------------Eq(1) 

 

 

-------------------------Eq(2) 

 

Where α is the thermal diffusivity (=ρc), λ is the thermal conductivity, is the density, and 

ρc is the specific heat capacity. The heat source is given by q (absorbed power density in 

W/m 3).APT is the determination of a sample surface& 2D thermal radiation after it has been 

excited. 

 

The resultant surface temperature due to a defect at a depth L given by 

-------------------------Eq(3) 

 

Where R is the reflection coefficient, the reflection from the tissue samples gives a thermal 

mismatch between the material and the defect. 
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Figure1a: Schematic Diagram of Pulsed Thermography Figure 1b: Experimental Set-up of Pulsed 

Thermography in IGCAR, Kalpakkam 
 

 
2a. oral malignant 2b.oral Benign 2c. Oral Cysts 

 
Figure 2a-2c The formalin –fixed oral malignant (2a), benign(2b) and cyst(2c) tissue sample for the 

experimental study with the dimension of 1.5cm X 1.2 cm X 0.3 cm 

 

III. RESULTS & DISCUSSION 

3.1 Thermal conductivity based on cell Density of the tissue sample: 

Figure 3 explains the thermal contrast obtained after the pulse excitation. The different forms 

of pulsed excised tissues were labelled as 1, 2, 3 where 1 is the benign tissue sample(formalin- 

fixed),2 is the malignant tissue sample (formalin-fixed), and 3 is the cyst sample (formalin- 

fixed). The flattened surface of the tissues were considered for the selection of ROI 

. The temperature distribution on the flat surface region gives better variation in the result 

compared to uneven surfaces in the tissue. In addition to measuring the surface temperature 

response after delivering pulse thermal energy to each specimen .while recording it, the thermal 

conductivity of the sample varied based on the natural element present in the host material. 

Heat travels longer through biological tissues for higher cell density, whereas heat travels 

shorter through biological tissues with lower cell density. The amount of energy reflected from 

the surface contact calculates the change in the biological tissue's thermal effusivity. So, the 

temperature in the tumour region (ROI 2) significantly contrasts with neighbouring regions 

during the heating phase.Figure 4a illustrates the time peak recorded for cancer, benign, and 

cyst tissue samples. T (Speak – Initial) = 0.28± 0.50 °C for cancer and T(Speak – Initial) = 

0.26±0.46 °C for benign tissue are plotted in figure 4a. It demonstrates the maximum 

temperature difference after the temperature reaches the peak. The findings reveal that 

changes in physiological parameters of tissue samples and heating modulation enhance the 

difference in temperature between cancer, benign, and cyst tissues. 

The difference in thermal characteristics altered the rate of heat flux penetration into the sample 

tissue and, as a result, the surface temperature distribution, resulting in the emergence of local 
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"hot spots" on the surface of the sample tissue, as shown in figure 3. The resulting temperature 

difference curve determines the tissue's cell density and the protein, lipid, and collagen present. 

We chose peak sites based on the time-dependent 1D contrast slope, as shown in figure 4b. 

This approach involved computing the first derivative of the temperature contrast and plotting 

it as a function of time. The temperature response of the thermophysical properties of the 

biological tissue is plotted on log scale. 

 
3.2 Thermal conductivity based on Protein, lipids and collagens in the tissue sample: 

Besides cell density for temperature decay, the major critical contributing factors are 

proteins, lipids, and collagens. The figure 4a illustrates that the formalin fixation 

procedure eliminates free water from the sample while maintaining tissue elements such 

as proteins, collagens, and lipids [20-21]. Collagens, which are matrix specialized 

proteins, and other cellular proteins have heat conductivity in the range of 0.2 W m1 

K1–0.3 W m1 K1 [22]. On the other hand, Lipids have a thermal conductivity of 0.1 

Wm1 K1–0.3 Wm1 K1 [23]. The majority of heat conduction occurs between collagens, 

proteins, and lipids in various cellular areas once the excess hydration in the tissue is 

eliminated by formalin fixation. The implications of formalin fixation are expected to be 

more noticeable in tumours because they include more disorganization, leakier 

vasculature, and more water content than normal tissues. Since the malignant tissues 

have more no proteins than a cyst and benign the thermal conductivity is      higher, and 

the recovery time for the malignant is shorter than benign and cyst samples.[24] 

 

 
 

 
Figure 3: Formalin fixed Tissues of cancer, benign and cysts after pulse excitation 1.Benign(B); 2 

Cancer(A) ; 3.Cyst(C) 
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. 

Figure 4a: Time Vs temperature Contrast Curve 

3.3 Validation of results  

 
This validation was done by dehydrating formalin-fixed tissues by replacing the solution with paraffin. 

Using a knife, the pathologist removed consistent cubical blocks of dimension 3 cm X 2 cm X 1.3cm (L × B 

× H) for the FFPE samples (tumor, benign, and cyst tissues). [25-27].an immunohistochemical protocol 

was followed to deparaffinize the formalin-fixed sample blocks. The temperature was raised in a hot air 

oven at 70°C for 2 hours to melt the paraffin. A xylene dip method is followed for 8 minutes and washed 

for 5 minutes with 100%, 95%, 70%, and 50% of different ethanol concentrations to remove any remaining 

paraffin wax. Thewax is then removed from the sections. 

 

Figure 4b: Log time Vs Log temperature graph. 

 

Finally, thin slices were impregnated on glass slides but not submerged, stained with H&E, and 

examined through an electron microscope [28]. 

3.4 Validation of results with Immunohistopathology: 

Haematoxylin (a popular stain dye used in histology) gives a bluish hue to the nuclei, while 

eosin gives a pinkish-orange colour to both cytoplasm and other tissue components, as shown 

in Figures 5a, 5b, and 5c. The cellular differences between benign, cystic, and malignant tissues 
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under the microscope are examined. Cancer tissue has a very high cell density. Fast 

malignant/tumor cell proliferation resulted in massive increases in tissue nuclei and, in certain 

cases, considerably more nucleoli in oral cancer cells [29-30]. The results were confirmed by 

utilizing the image j software program to calculate the percentage of the nucleus of the 

cell cytoplasm per unit area of tissue, as shown in Table1. The table depicts that the density in 

the cell nucleus is very high for malignant, say, 32%when compared to the cyst at 17%. The 

temperature of malignant tissue reaches a maximum temperature of 0.36 ± 0.60 °C/sec 

explicit that malignant has high proteins /cell density is more significant when compared to 

cyst and benign, as shown as bar diagram in  figure 6a-6c. 

 

   

 
5a. Oral Malignant 5b. Oral Benign 5c.Oral Cyst 

Figure 5a-5c: H& E stained microscopic slides of malignant, benign & cyst. 

 

 

TABLE1 

EVALUATION REPORT ON H-E STAINED IMAGES [31] 

 
 Malignant Benign Cyst 

Cell nucleus 32.0078% 27.987% 17.11% 

Cytoplasm 21.043% 48.013% 45.890% 

Non-Stained areas 46.9492% 24% 37% 

Rate of temperature change 
   

 0.35 ± 0.10°C/sec 0.33 ± 0.1 °C/sec 0.28 ± 0.1 °C/sec 

Recovery time    

 0.6 ± 0.3 sec 0.48 ±0.24 sec 0.46 ±0.22 sec 
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FIGURE 6a: Analysis of cell density in Formalin Fixed Malignant tissues. 

 

 
FIGURE 6b: Analysis of cell density in Formalin Fixed Benign tissues. 

 
 
 

 
FIGURE 6c: Analysis of cell density in Formalin Fixed Cyst tissues. 

 

The table1 depicts that the density in the cell nucleus is very high for malignant, say, 32%when 

compared to the cyst at 17%. The temperature of malignant tissue reaches a maximum 

temperature of 0.35 ± 0.1 °C/sec explicit that malignant has high proteins /cell density is greater 

when compared to cyst and benign. Based on the thermal conductivity of protein, lipids, and 

collagen, the rate of recovery time varies for benign, cyst, and malignant. The recovery time for 

benign is 0.48 ±0.24 sec as the thermal conductivity of lipid goes from 

0.1 Wm1 K1 to 0.3 Wm1 K1. The recovery time for malignant is 0.6 ± 0.3 sec shorter than 
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benign, and the thermal conductivity of the proteins present in the malignant varies from 0.2 

W m1 K1–0.3 W m1 K1. However, it is necessary to collect many tissue samples to fully grasp 

the exact relationship between the thermal conductivity of proteins and lipids and cell density. 

IV. CONCLUSION 

We discovered some intriguing evidence from active pulsed thermography technique using 

formalin fixed oral samples. In all the samples, tumour tissue exhibits a high cellularity 

compared to benign and cyst tissue. The Thermal conductivity of the malignant, benign relies 

on the physiological element say proteins lipids. This suggests that APT can assist pathologists 

in making speedy and accurate cancer tissue diagnoses based on the clinical characteristics 

identified in the lesions under investigation. APT can be used as an experimental general 

approach for diagnosing oral cancer from excised tissues, and it is currently being investigated. 
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