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TISSUE k(WmK) 2H,0 Reference
Kidney whole (rabbit) 502 81 6
whole (rabbat) 495 16
whole (human) 543 84 4
cortex (rabbit) 465 -.490 (n=T) 76.6-79.8 1
cortex (dog) 491 16
cortex (human) 499 16
medulla (rabbit) 502 - .544 (n=T) 82.0-86.0 1
medulla (dog) 507 16
medulla (human) 499 16
Aorta  human A76 = .041 (SD) (n=12) 2
Arterial plaque
fatty 484 = 044 (SD) (n=13) 2
fibrous 485 =.022 (SD) (n=12) 2
caleified 502 = .059 (SD) (n=17) 2
Artery  femoral (dog) 391 2
carotid (dog) 448 2
Blood  whole 505 10
whole (human) 492 = 009 (SD) (n=10) 5
plasma 582 10
plasma (human) 570= 010 (SD) (n=10) 5
Spleen  (human) 543 80 4
Liver (rabbit) 493 72 6
(rat) 498 - 528 (n=4) 3
(sheep) 495 = .017 (SD) (n=9) 5
(dog) 550 = .010 (SD) (n=7) 5
(dog) 574 11
(pig) 498 16
(human) 469 16
(human) 564 77 4
Heart (rat) 521 -.531 (n=2) 3
(dog) 527 11
(dog) 487 16
(pig) 484 16
(human) 493 16
(human) 585 81 4
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TISSUE

Muscle

Fat (cow)

Brain

Tumor

Bone

Skin

Pure wat

(rat)
(cow)
(pig)
(pig)
(sheep)

(cow)

(pig)

(pig)

blubber (Minke whale)
blubber (Harp seal)

(human)

whole

cerebral cortex
cercbral cortex
white matter

periphery
core
colon cancer (human)

crocodile, middle of back
crocodile, tail, ventral
epidermis
foot pad (cat)
(hydrated)
elephant (freeze/thaw)
rhinoceros "
Giraffe (formalin fixed)
epidermis (human)
epidermis (pig)
dermis (human)

(=

k (WmK)

505 -.530 (n=T)
410 - 426

518 -.618

460

478 = 019 (SD) (n=10)

185 -.233
222

317 -.402
159

.200-.280
.190=.010
201 -.217

527 78

564 83
504
502 71

S11
561
545
410 -.630

0-.410

—

f—

L=}
1

290

295 - 580

A75 62.5
452 60.1

60.0

293 - .322

¢ =[%H,0 + 0.4 * (100 - %H,0)] * 41.9 Jkg K
p=1.05(10°) kg/m’
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3
7
7
17
5

17

17

17

11
11
16

15

13
13
14
14
14
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17
17
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Tissue and antenna parameters used in the finite element method (FEM) model.

Parameter Value
Breast Electric Conductivity 0.14 S/m
Breast Relative Permittivity 5.14
Breast Thermal Conductivity 0.42 W/Mk
Breast Density 1020.00 Kg/m?
Tumor Electric Conductivity 3.00 S/m
Tumor Relative Permittivity 57.00
Tumor Thermal Conductivity 0.50 W/mK
Tumor Density 1041.00 Kg/m?
Blood Density 1000 Kg/m?
Blood Specific Heat 3639 J/(Kg K)
Blood Perfusion Rate 0.0036 1/s
Blood Temperature 37 °C
Dielectric Relative Permittivity 2.03
Catheter Relative Permittivity 2.60
Microwave Frequency 2.45 GHz
Input Microwave Power 10W
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Abstract

In this research, digital models of a group of cancerous tumors of different size,
shape and location were designed through multi-slice cross-sectional images,
and three-dimensional digital simulations were conducted using computer
programs that achieved the desired purpose with high accuracy in order to
analyze the effect of raising or lowering the temperature on the effectiveness of
treatment for the tumor. Then the research employed the statistical analysis
method in order to compare the results of heat treatment of the studied tumors
with the reference studies, which showed a strong convergence in the results
with the uniqueness of the research in discussing the cases of cooling and
heating for the treatment of the same tumor, whether using probes or internal
MICro sources.

The study showed the possibility of using modern software in designing a high-
resolution biological model of tumors, and the results of the digital simulation
showed accurate heat distribution within healthy and cancerous tissues in case of
cooling or heating, and thus determining the most effective treatment method in
killing cancer cells for each of the tumors studied, which achieves a great safety
ratio For healthy tissues, which enables us in the future to develop a complete
thermal treatment protocol for a tumor based on its CT images.

Key words: cancer, heat therapy, cooling, heating, simulation, tumors.
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