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From previous findings, heating the body to a temperature of 40°C to 46°C is an
alternative procedure to reduce the side effect of these treatments. This study aims to
investigate heat propagation into malignant tumours of different sizes. Three different
models of breast tumours with different sizes were modelled. The heat propagation was
simulated using the computational fluid dynamic (CFD) method. Three different
temperatures were applied to the malignant tumours exposed to infrared and
thermocouple heat sources. From the observation, model 14mm demonstrated the
highest temperature propagation as compared to the others. The heat propagation in the
blood vessel also showed a significant radiation effect as shown in the tumour. However,
the velocity and pressure in the blood vessel have no significant changes for all models.
Keywords: In conclusion, the heat propagation via infrared sources managed to penetrate the
Breast tumor; hyperthermia; tumours and the early stage of the tumour experienced better heat propagation as

computational fluid dynamic; infrared compared to thermocouples.

1. Introduction

A breast tumour is a disease in which the cells in the breast grow out of control. The cells keep
growing indefinitely, creating new cells, consequently crowding out normal cells and causing further
complications throughout other parts of the body as it spreads malignantly over time [1]. Due to the
aggressive nature of the tumour, a person with breast cancer may suffer considerably and affecting
their quality of life [2]. One of the grave concerns with breast cancer is that the tumour can grow to
a significantly large size before the symptoms begin to appear [3]. Typically, tumour size grows
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linearly with its stage, causing cancer to be diagnosed at an advanced stage. This also posed a
problem because different sizes of the tumour must go through different treatments [4]. Therefore,
even if the tumour was detected at an earlier stage, it cannot be treated the same as advanced-stage
breast cancer [4]. Hyperthermia therapy is an alternative treatment for cancer patient by exposing
the body with high temperature. The exposure of high temperature will help in damaging cancer cells
as well as reducing the inflammation [5].

Around 85% of all breast cancers are hormone-positive receptors and can be treated by therapies
[6]. Furthermore, many breast cancer forms can cause breast lumps, but not in all cases [7]. Owing
to these two attributes, this research aims to investigate the properties of heat propagation of
malignant breast tumours at different temperatures. Different temperatures are hypothesized to
show the difference in the dissipation of heat applied to the breast. In the same context, this study
also seeks to compare the heat propagation of breast tumours of different sizes. The size of the
tumour can affect heat propagation because of its intrinsic nature to counter external heat. For this,
a model of the breast is created with three sizes of the tumour inside the breast for each stage from
stage one to stage three. As elaborated, stage one is 14mm, stage two is 32mm and stage three is
55mm tumours. This study will use the Computational Fluid Dynamics (CFD) method which uses the
discretization technique in software, therefore determining the heat change as it is applied.

2. Methodology

To obtain the most accurate data simulation for analysis, the method that we used was the CFD
method which is commonly used today. A full and complex data set was done for a comprehensive
thermal flow analysis after the imposition of the malignant tumour using CFD simulation.

2.1 Tumour and Heat Source Modelling

The first step was to create a breast model by following the breast model by Afify [3]. The model
was drawn in SolidWorks Premium 2018 and saved in IGS format. The shape used was the
hemispherical shape for the breast with a diameter of 144 mm and the sphere shape for the tumour
was modelled after Amri et al., [8]. The hemispheric shape was chosen because the symmetrical
shape of the model will better allow for simulating the actual structure. The tumour size considered
for stage 1 was 14mm, for stage 2 was 32mm and for stage 3 was 55mm, as shown in Fig. 1. The
tumour was located at the centre of the breast model because the same coordinates produce the
same normalized thermal effect on the tissue as shown in Fig. 2.

Fig. 1. Schematic diagram of the three different sizes of tumour (a) 144mm, (b) 32mm, and (c) 55mm
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Tissue

Fig. 2. Tumour location at the breast model

Next, the model was imported into Ansys Fluent to generate the mesh. In Ansys, Grid
Independent Test (GIT) was performed to evaluate the best mesh for the simulation. For these
models, the body sizing was done to the tumour model because this study is focusing tumour heat
propagation. The sizing 0.3 mm was chosen with 9,678 nodes so that we can obtain a lower error
from the GIT [6-7].

For heat sources, there were two heat sources used for this research which are thermocouples
and infrared. For thermocouples, the heat was applied to the surface of the breast model and
transferred heat to the surrounding tissue. The tissue is divided into two which are normal and
abnormal. An abnormal tissue will produce high temperatures compared to the normal tissue [8].
When the heat is applied to the tissue, the tumour will produce a higher temperature compared to
the surrounding tissue because the tumour has an intrinsic heat generation capability. Another heat
source used was the infrared placed 1 meter from the tissue surface [9]. Based on the frequency
applied, the abnormal tissue reacted and produced the Specific Absorption Rate (SAR) value which is
related to the heat generation of the tumour. The frequencies applied were 1.8, 2.4, 5.0 and 8.9 GHz
and produced descending order values of SAR which were 22, 20, 8.1 and 1.1 mW/kg. Based on the
SAR, the values were used in Pennes Bioheat Equation to generate temperature distribution from
the tumour. For an infrared heat source, a user-defined function (UDF) code was used to solve the
equation inside the Ansys fluent for heat generation of the tumour. The UDF code solved the
transient Pennes bioheat equation.

For this research, only the tissue and tumour are considered and the heat generation of the
tumour amounting to 8,750,000 W/m?3 was to be obtained from the verification method of the
research [10]. Table 1 showed the physical properties of the tumour and tissue.

Table 1
The values of Reynolds number and velocity
Tissue Tumour
Density (kg/m3) 1090 1090

Specific heat (J/kg.K) 3421 3421
Thermal conductivity (W/m.k)  0.49 0.49

Afterwards, the model analyses were run in the solver process. The solver was completed when
the calculation converged or reached the iteration time limit. The solver was using a pressure-based
value while the velocity formulation was using absolute value. The time used was transient with a
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time step size of 0.1 seconds while the number of exposure times was 1800 seconds. The calculation
was run until it has completed and reached convergence. The temperature contour was used to show
the temperature distribution by the tumour after the surrounding tissues were heat-applied. Legend
showed the value of the highest and the lowest temperature that gain from the contour.

2.1 Equations

For an infrared heat source, the transient Pennes bioheat equation was adopted to heat transfer
model in biological tissues. The equation for calculating the temperature that would be gained by the
tumours after certain energy was applied to the tumour and produced SAR was given as follows:

pC =V. (kVT) + prb(Ub(Tb —T) + Qmet + Qext (D)

where Q is the tissue density (kg/m3), C is the heat capacity of tissue (J/kg K), k is the thermal
conductivity of tissue (W/m K), T is the tissue temperature {C), Ty is the temperature of blood { C), pb
is the density of blood (kg/m3), Cy is the heat capacity of blood ( J/kg K), ws is the blood perfusion
rate (1/s), Qmet is the metabolism heat source (W/m3), and Qext is the external heat source
(electromagnetic heat-source density) (W/m3). The external thermal source term is equal to the
electromagnetic champ’s resistive heat, defined as electromagnetic power absorbed as given by

1 —
ext — Eo-tissuelElz = g .SAR (2)
The SAR can be obtained by:
SAR = %|E|2 3)

Here, E is the RMS value of the induced field in (V/m), o the conductivity of tissue in (S/m), and p the
mass density of tissue in kg/m3.

For heat sources by infrared, the SAR value is used with different temperatures applied. SAR is
the reaction of the tumour to the frequency applied by the heat source. The temperature used is
38 c for SAR 22mW/kg, 40 c is for 8.1mW/kg and 41 c is for 1.1mW/kg. SAR value has come from the
infrared value and the tissue properties. Each of the temperatures is tested for all sizes of the tumour
to figure out the temperature distribution of the tumour. The SAR value is got from infrared which is
a place from 1 meter from the tissue based on [12]. The net input power that was used was 1mW
and the actual acceptable limit of 2mW/kg averaged over 10g of tissue exposed to EM
(electromagnetic) radiation is much less than the SAR values [23].

3. Results

Based on figure 3 and figure 4 below, the breast model with a tumour size of (a) 14mm (b) 32mm
and (c) 55mm at the centre was stimulated by three different temperatures stated 40-degree, 50-
degree and 60-degree for the thermocouple heat source and 38-degrees, 40-degrees and 41-degrees
for an infrared heat source. The temperature contour showed the temperature distribution after
applying the heat. Based on Chaplain et al., [11], the abnormal tissue temperature was higher than
the normal tissue. A tumour is classified as abnormal tissue and it has heat generation inside which
explained the gains in temperature. The method that we applied for this study was verified with the
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research by Kandlikar et al., [12] with the tumour inside the tissue in a cube shape. For this result,
the thermocouple with tumours 14mm, 32mm and 55mm has a different result of heat propagation.
The infrared with tumours 14mm, 32mm, and 55mm also has a difference in heat propagation.

The results are outlined in Figures 3 and Figure 4. The simulation results show that in a heat
source using a thermocouple, the tumour size influenced the amount of heat from inside the tumour
as well as the heat propagated to the surrounding tissues. In a 14mm tumour, the heat generated
inside the tumour was around 2.28e2 to 2.42e2, while heat propagated to the surrounding tissues
was around 2.55e2 to 2.96e2. In a 32mm tumour, the heat inside the tumour stands between 2.98e2
and 4.12e2, while heat propagated to the surrounding tissues was below 2.98e2. In a 55mm tumour,
the heat inside the tumour was below 2.79e2, while the surrounding tissues were heated to a
temperature up to 3.79e2. This shows that using a thermocouple, the surrounding tissues receive
much more excessive heat if the tumour was bigger. But the best temperature achieved using a
thermocouple was if the tumour was 32mm in size.

Using infrared as the source of heat, it was observed that the tumour size also influences the
amount of heat inside the tumour and the heat propagated to the surrounding tissues. In a 14mm
tumour, the heat inside the tumour was between 2.33e2 and 2.45e2, while the heat propagated to
the surrounding tissues was between 2.67e2 and 3.01e2. In a 32mm tumour, the heat generated
inside the tumour was around 1.32e3 to 3.45e3, while the heat propagated to the surrounding tissues
was below -1.51e3 K. In a 55mm tumour, the heat generated inside the tumour was below 2.86e2 K
and the heat propagated to the surrounding tissues was between 3.077e2 Kand 3.29e2 K. This results
suggested that infrared source can heat the tumour better than thermocouple, with heat
propagation to the surrounding tissues higher as well, except in 32mm tumour size where the heat
propagation was lower to the surrounding tissues. As with thermocouples, the greatest temperature
achieved was in a 14mm tumour.
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Fig. 3. The thermocouple heat source at the tumours 14mm, 32mm and 55mm location at the breast model
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Fig. 4. The infrared heat source at the tumours 14mm, 32mm and 55mm location at the breast model

4. Discussions

Based on the result obtained, the temperature of the tumour was rising along with the rise in
tissue temperature for the thermocouple heat source [13]. For an infrared heat source, the
decreasing value of SAR with rising temperature resulted in lower temperature gain by the tumour.
For the infrared heat source, the value of SAR also affected the result of the tumour temperature.
The value of SAR is dependent on the infrared heat source and for this research, the value of SAR is
followed based on previous research [14]. Based on researchers McPherson et al., [15], the value of
SAR is decreasing due increasing value of frequency. The temperature distribution of the tumour is
also affected by the SAR of the tumour. Based on the temperature distribution value of the
simulation, the temperature at the tumour is decreased due to the smallest value of the SAR value.
McPherson et al., [15] stated that the SAR decreased as the distance increased from the radiating
source. A suitable distance from the heat source is needed to produce suitable SAR tissue to kill the
tumour.

Based on the simulation, the bigger tumour produced less temperature distribution because the
bigger tumour characteristic tends to produce more cancer cells and spread to other parts of the
body [16]. In stage 1 and 2 tumours, the cells were intensely producing heat propagation to
surrounding tissue [17]. These stages were associated with the smaller size of the tumour, which in
turn helped generate higher heat propagation to the tissue surrounding the tumour. Increasing the
temperature from the heat source would increase the overall tumour temperature. When the
external heat was applied to the tissue, the tumour would counter-reacted the heat with its intrinsic
heat generation. The heat from the tumour went through the surrounding tissues and the heat
generation of the tumour also affected the heat propagation produced by the tumour to the
surrounding tissue [18]. Based on these studies, heat generation of the tumour altered the
temperature distribution because the tumour temperature was increasing linearly due to the
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temperature applied from the heat source. This case, however, did not account for the tissue burn if
the temperature exceeded the tolerance limit of the tissue [19].

Based on the medical study, hyperthermia treatment typically started with a comprehensive
medical consultation together with previous medical-imaging reports such as X-rays, CTs, MRls, and
nuclear medical images [20]. When doing treatment, the temperature sensors were affixed to the
skin above the tumour or inserted into the tissue depending on the method chosen [20]. The number
of temperature sensors used depends on the size of the tumour. When doing hyperthermia
treatment, the main body temperature was kept constant at a pre-determined suitable temperature.
Moreover, based on Sardari and Verg, [21], clinical hyperthermia treatment systems could be
exposed to a target volume of tissue from electromagnetic or ultrasound waves. Better response and
survival rates were detected in patients treated with hyperthermia treatment and radiotherapy
compared to radiotherapy alone in several stage 3 trials, with a higher survival rate and minimal
damage to normal tissues in the patient treated with hyperthermia treatment.

Hence, these studies also conclude that infrared is suggested to be a suitable heat source because
it triggered less temperature from the tumour. Tumour temperature reaction when the heat was
applied should be taken into account as the tumour was often placed in the surrounding tissue which
can affect the normal tissue cells. Higher temperature gain from the tumour would affect the
surrounding tissue cells and might give harmful side effects to the human body. Increasing SAR value
may produce suitable heat generation for the tumour and the tumour will produce a great
temperature distribution because the tissue can withstand uniformly distributed heat at a certain
temperature without resulting in detrimental effects on the surrounding tissues.

4. Conclusions

In conclusion, the first objective of the study would be to forecast the spread of heat by malignant
breast tumours in response to exposure to various temperatures. The heat propagation from the
tumour, because of the simulation, is affected by the tumour size. The thermal propagation to the
side tissue was shown to be greatest in smaller tumour sizes. The heat distribution often depends on
the tumour and the tissue’s heat generation. Then, the second objective is to compare the heat
propagation of breast tumour staging for different temperatures. In this study, the size of the tumour
is affected by the temperature contour and the bigger size of the tumour is come out with less heat
propagation. The smaller size of the tumour shows the heat propagates properly to the tissue. The
heat generated by the tumour also affected the temperature of the tumour the tissue surrounding
the tumour is applied heat.

Acknowledgement
This research was funded by a grant from the Universiti Tun Hussein Onn Malaysia (UTHM) under
Post-Graduate Research Grant (GPPS) Vot H693.

References

[1]  Sinha, Tarini. "Tumors: Benign and malignant." Cancer Therapy & Oncology International Journal 10, no. 3 (2018):
52-54. https://doi.org/10.19080/CT01J.2018.10.555790

[2] Paraskevi, Theofilou. "Quality of life outcomes in patients with breast cancer." Oncology reviews 6, no. 1 (2012).
https://doi.org/10.4081/oncol.2012.e2

[3] Weedon-Fekjzer, Harald, Bo H. Lindqvist, Lars J. Vatten, Odd O. Aalen, and Steinar Tretli. "Breast cancer tumor
growth estimated through mammography screening data." Breast Cancer Research 10, no. 3 (2008): 1-13.
https://doi.org/10.1186/bcr2092

[4] Olsen @. E. (2015). Why measure tumours?. Pediatric radiology, 45(1), 35-41. https://doi.org/10.1007/s00247-
014-3148-0.

374



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 28, Issue 3 (2022) 368-375

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]
(21]
(22]

(23]

Yusefi, Mostafa, Kamyar Shameli, and Siti Nur Amalina Mohamad Sukri. "Magnetic Nanoparticles In Hyperthermia
Therapy: A Mini-Review." Journal of Research in Nanoscience and Nanotechnology 2, no. 1 (2021): 51-60.
https://doi.org/10.37934/jrnn.2.1.5160

Richard Linforth  (2008). Cancer Research UK . Breast cancer key facts. Accessed
via info.cancerresearchuk.org/cancerstats/types/breast/

Allison, Kimberly H., M. Elizabeth H. Hammond, Mitchell Dowsett, Shannon E. McKernin, Lisa A. Carey, Patrick L.
Fitzgibbons, Daniel F. Hayes et al. "Estrogen and progesterone receptor testing in breast cancer: American Society
of Clinical Oncology/College of American Pathologists guideline update." Archives of pathology & laboratory
medicine 144, no. 5 (2020): 545-563. https://doi.org/10.5858/arpa.2019-0904-SA

Osman, M. M., and E. M. Afify. "Thermal modeling of the normal woman’s breast." (1984): 123-130.
https://doi.org/10.1115/1.3138468

Amri, Amina, Ayda Saidane, and S. Pulko. "Thermal analysis of a three-dimensional breast model with embedded
tumour using the transmission line matrix (TLM) method." Computers in Biology and Medicine 41, no. 2 (2011):
76-86. https://doi.org/10.1016/j.compbiomed.2010.12.002

Yankeelov, Thomas E., Nkiruka Atuegwu, David Hormuth, Jared A. Weis, Stephanie L. Barnes, Michael |. Miga, Erin
C. Rericha, and Vito Quaranta. "Clinically relevant modeling of tumor growth and treatment response." Science
translational medicine 5, no. 187 (2013): 187ps9-187ps9. https://doi.org/10.1126/scitranslmed.3005686
Chaplain, Mark, and Alexander Anderson. "Mathematical modelling of tumour-induced angiogenesis: network
growth and structure." Angiogenesis in Brain Tumors (2004): 51-75. https://doi.org/10.1007/978-1-4419-8871-
33

Kandlikar, Satish G., Isaac Perez-Raya, Pruthvik A. Raghupathi, Jose-Luis Gonzalez-Hernandez, Donnette Dabydeen,
Lori Medeiros, and Pradyumna Phatak. "Infrared imaging technology for breast cancer detection—Current status,
protocols and new directions." International Journal of Heat and Mass Transfer 108 (2017): 2303-2320.
https://doi.org/10.1016/].ijheatmasstransfer.2017.01.086

Varshini, Karthik, and Thipparaju Rama Rao. "Estimation of specific absorption rate using infrared thermography
for the biocompatibility of wearable wireless devices." Progress In Electromagnetics Research M 56 (2017): 101-
109. https://doi.org/10.2528/PIERM17022603

Adhikary, Koustov, and Moloy Banerjee. "A thermofluid analysis of the magnetic nanoparticles enhanced heating
effects in tissues embedded with large blood vessel during magnetic fluid hyperthermia." Journal of
Nanoparticles 2016 (2016). https://doi.org/10.1155/2016/6309231

McPherson, K., Steel, C.M., Dixon, J.M. (2006).Breast cancer: Epidemiology, risk factors and genetics. In Dixon,
J.M. (ed) ABC of breast diseases (3rd edition) London: Blackwell Publishing.

Hamed, Tooba, and Moazam Magsood. "SAR calculation & temperature response of human body exposure to
electromagnetic radiations at 28, 40 and 60 GHz mmWave frequencies." Progress In Electromagnetics Research
M 73 (2018): 47-59. https://doi.org/10.2528/PIERM18061102

Anderson, Alexander RA, and Mark AJ Chaplain. "Continuous and discrete mathematical models of tumor-induced
angiogenesis." Bulletin of mathematical biology 60, no. 5 (1998): 857-899.
https://doi.org/10.1006/bulm.1998.0042

Francis, Sheeja V., and M. Sasikala. "Automatic detection of abnormal breast thermograms using asymmetry
analysis of texture features." Journal of medical engineering & technology 37, no. 1 (2013): 17-21.
https://doi.org/10.3109/03091902.2012.728674

Dewhirst, M. W., Viglianti, B. L., Lora-Michiels, M., Hoopes, P. J., & Hanson, M. (2003). THERMAL DOSE
REQUIREMENT FOR TISSUE EFFECT: EXPERIMENTAL AND CLINICAL FINDINGS. Proceedings of SPIE--the
International Society for Optical Engineering, 4954, 37. https://doi.org/10.1117/12.476637.

Rosenberg, H., Pollock, N., Schiemann, A., Bulger, T., & Stowell, K. (2015). Malignant hyperthermia: a
review. Orphanet journal of rare diseases, 10, 93. https://doi.org/10.1186/s13023-015-0310-1.

D. Sardari and N. Verg, “Cancer Treatment with Hyperthermia,” Curr. Cancer Treat. - Nov. Beyond Conv.
Approaches, 2011. https://doi.org/10.5772/24049

Z. Behrouzkia, Z. Joveini, B. Keshavarzi, N. Eyvazzadeh, and R. Z. Aghdam, “Hyperthermia: How can it be used?,”
Oman Med. J., vol. 31, no. 2, pp. 89-97, 2016. https://doi.org/10.5001/0omj.2016.19

M. Saddam Kamarudin, Ishkrizat Taib, Intan Syafinaz, Ahmad Mubarak Tajul Arifin, & Mohd Noor Abdullah. (2022).
Analysis of Heat Propagation on Difference Size of Malignant Tumor . Journal of Advanced Research in Applied
Sciences and Engineering Technology, 28(2), 211-221. https://doi.org/10.37934/araset.28.2.211221

375



