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ABSTRACT

Introduction: This research presents a hyperthermia treatment procedure using a circular microstrip patch antenna
integrated with a water bolus to destroy malignant tissues. Hyperthermia uses high temperatures from 41°C to 45°C
to denaturate cancer tissues into necrotic tissues. However, there are some limitations in hyperthermia treatment
such as limited penetration depth, poor focus position distance and significant undesired heating. Therefore, the
research is carried out to enhance the limitations above especially when it is used alone and not adjuvant with
other conventional therapies such as chemotherapy and radiotherapy. Materials and methods: SEMCAD X 14.8.4
is used as a software simulator to develop antenna, breast phantom, cancer cells and water boluses. Three cancer
tissue diameters are considered in the research, which are 15 mm, 34 mm and 59 mm, based on analysis of the
mammogram images received from the referred Hospital. A 2.45 GHz and 0.915 GHz antennas were used as the
operating frequency in the research to destroy the malignant tissues. Different shapes of water boluses and liquids of
deionized and distilled water boluses integrated with the antenna to reduce the unwanted hotspots and maintain the
focus position distance. Hyperthermia has some advantages such as it can be non-invasive and provide less adverse
health effects. Results: Water boluses of different shapes and antenna frequencies provide sufficient focus position
distance, penetration depth and estimation times during the execution of the hyperthermia treatment. Conclusion:
The various shapes of the water bolus provide adequate heat to the T1, T2 and T3 malignant tissues while minimizing
the presence of undesirable hotspots.
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INTRODUCTION

Breast cancer is a crucial disease affecting women
globally. A report from the World Health Organization
(WHO) shows that breast cancer incidence rate and
fatality rate due to the illness rise every year. Statistics
from WHO show that people diagnosed with breast
cancer were 2 million in 2018, and the number increase
to 2.3 million in 2022 (1,2). Breast cancer is reported
as the first or second leading cause of mortality rate,
and WHO statistics report confirms that 6.3 million
patients died due to the illness in 2018, and the number
increased to 6.65 million in 2022 respectively (1-3).

Hyperthermia uses high heat, where the temperature
is elevated from 41°C to 45°C , to denaturate cancer
tissues into necrotic tissues (4,5). It is also known as
a thermal therapy to shrink and destroy malignant
tissues. Hyperthermia has been used as an alternative
treatment for breast cancer. It provides less adverse
health effects than conventional cancer treatment (6).
Hyperthermia can be invasive, where the probe of
the applicator is inserted into the patient's body, such
as interstitial and intracavitary techniques (5) or non-
invasive, where the applicator is placed outside of the
patient body. Hyperthermia can be used alone or in
adjuvant with other conventional cancer techniques
to improve the treatment (7,8). Hyperthermia can be
used in conjunction with chemotherapy to enhance
the chemical reactions within the patient's body (9,10).
Furthermore, it can be used with radiotherapy to
expedite the radiation procedure (9,5). The combination
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of hyperthermia treatment reduces the size of the
malignant tissues before surgery is done. Hyperthermia
is able to eradicate any microscopic malignant tissues
that are not visible to the naked eye since it delivers heat
to the targeted region. Nevertheless, hyperthermia has
several limitations, such as poor focus position distance,
low penetration depth and the creation of unwanted
hotspots in the breast phantom especially when non-
invasive hyperthermia is carried out (11). Hence, the
research is carried out to enhance the limitation such
as to improve the focus position distance, penetration
depth and reduce unwanted hotspots in the breast
phantom. The research involves manipulating several
variables including antenna frequency, antenna position
with and without a water bolus, the shape of the water
bolus and type of liquid used in the water bolus.

A circular microstrip patch antenna is used as the
applicator to deliver heat to the malignant tissues in the
hyperthermia treatment. The microstrip patch antenna
was selected because of its advantageous features it has
such as lightweight, low cost, easy to manufacture and
small size, which make it well suited to be used in the
research (12,13). The antenna utilizes Rogers Duroid,
RT5880. The substrate has a permittivity of 2.2 and a
thickness of 1.575 mm. Previous research has shown
that RT5880 show good SAR distribution in the treated
regions (14). A 2.45 GHz and 0.915 GHz antennas are
used in the research, and it is the Industrial, Scientific and
Medical (ISM) frequency for hyperthermia applications,
and it is used together with various shapes of water
boluses. Three malignant tissues are used in the research
with diameter sizes of 15 mm, 34 mm and 59 mm and
labelled as T1, T2 and T3. Water bolus is a cooling
element used to cool the treated skin surface and can
improve the coupling effects of the antenna and breast
phantom (15). A 2 mm thickness of distilled water (DI)
and deionized water (DS) is used as the water bolus (WB)
in the research, and their performance is compared. The
antenna is the main element in hyperthermia treatment
to kill the malignant tissues, whereas the coupling of
the water boluses with the antenna helps to distribute
the heat to the target region, reduce unwanted hotspots
and maintain the focus position distance (FPD) (16).
Focus position distance involved several factors such as,
analysis of the mammogram images, desired penetration
depth and focus of the heat distribution. Surface depth
and Inner depth were measured from DICOM software,
and average surface depth and average inner depth were
calculated for 72 mammogram images. Focus position
distance is the average range of surface depth and inner
depth. The focus position distance is required to get
optimal distance for focusing the energy.

MATERIALS AND METHODS

Methodology

The methodology is divided into three sections, which
includetheinitial phase forbreast phantom and malignant
tissues, the design of experiment 1 (DoE 1): antenna
development and the design of experiment 2 (DoE 2):
water bolus development. DoE 1 focus on development
of antennas using two different frequencies. A more
detailed explanation of the methodology is discussed in
the following sections.

Initial Phase

The ethical letter was obtained from the referred
Hospital before conducting the research. A total of
72 mammogram images were received from the
referred Hospital. The 113 mm diameter size of the
breast phantom is used in the research. Mammogram
images are analysed using RadiAnt Digital Imaging
and Communication in Medicine (DICOM) software to
get the penetration depth and focus position distance
(FPD). Surface depth and inner depth are calculated to
get the average diameter size of the malignant tissues.
Malignant tissues are categorized into three sizes, which
are 15 mm, 34 mm and 59 mm and are labelled as T1,
T2 and T3, respectively. The sizes of the malignant
tissues are determined from the location and depth of
the malignant tissues. The sizes are based on tumour
standard size where T1<=20 mm, 20 mm < T2 <=50
mm and T3>50 mm. The focus position distance, FPD,
ranges from 57 mm to 64 mm, 39 mm to 88 mm and
34 mm to 95m for each size of malignant tissues T1, T2
and T3, respectively. The ground-thru process carried
out with the radiologist to confirm the malignant tissue
measurements.

Table | shows the breast phantom and malignant tissue's
electro-thermal properties. The formula in Eq. (1) is used
to determine the average surface depth. Eq. (2) is, on the
other hand, used to compute the average inner depth,
and Eq. (3) was used to calculate the size of malignant
tissues. The mediolateral Oblique (MLO) is the angle
view of 450 to 600 of the above position of the breast
phantom while the cranio-caudal is the top-down view
from above of the breast phantom (7). Fig.1 shows the
arrangements set up for the experiments, fabricated
0.915 GHz and 2.45 GHz antennas with their return
loss respectively. Both return loss of 0.915 GHz and
2.45 GHz fabricated antennas produced 10.168 dB
and 10.8667 dB respectively. Return loss below 10 dB
signifies a good impedance match between the antenna
and the transmission line.
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Table I: Electro-Thermal Properties
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Fig. 1: Experiment setup, fabricated antennas and return loss. Figure
1(a) The arrangements set-up for the experiment. Circular microstrip
patch antenna was developed in this research. Figure 1(b) and Figure
1(c) shows two fabricated antennas were developed to destroy T1, T2
and T3 malignant tissues with return loss results. Antenna is integrated
with various shapes of water boluses. Water bolus indicated by blue
color and malignant tissues indicated by red color.

The Average Surface Depth, denoted as Avs and Average
Inner depth, denoted as Avl and measure in mm. Medio-
Lateral Oblique (MLO) and Cranio-Caudal (CC) are two
standard views used in mammography screening. MLO
is the breast phantom image taken at a standard angle of
45°C and the angle can be varied from 40°C to 60°C to
get the best view of the mammogram images. Meanwhile
CC is the top-down view of the breast phantom. Both
MLO and CC measurement of surface depth and inner
depth of the malignant cells in each breast phantom is
analysed for total the of 72 mammogram images received
from Hospital. Then average surface depth and average
inner depth of the malignant cells were calculated using
Eg. (1) and Eqg. (2) respectively. Average surface depth
is the sum of medio-lateral oblique surface depth and
cranio-caudal surface depth divided by 2. Meanwhile
average inner depth is the sum of mediolateral oblique
inner depth and cranio-caudal inner depth divided by 2.
Meanwhile, Eq. (3) is the formula used to calculate the
sizes of malignant cells which is the different of Eq. (2)
and Eq. (1).

Design of Experiment 1: Antenna Development

A circular microstrip patch antenna is designed with
an inset feed line and operated at 2.45 GHz and 0.915
GHz frequency bands. Rogers Duroid, RT5880, with
permittivity of 2.2 and thickness of 1.575 mm, is used
as a dielectric of the antenna. Antenna setups are as
shown in Fig. 1. The length and width of 0.915 GHz
antenna substrate are 144.92 mm and 147.92 mm
respectively with 64.62 mm radius of circular patch.
Meanwhile the length and width of 2.45 GHz antenna
substrate are 53.818 mm and 51.327 mm respectively
with 24.34 mm radius of circular patch. The antenna is
initially placed directly to the breast phantom before it is
integrated with four different shapes of water bolus. Fig.
1(a) shows the antenna and water bolus arrangement for
the experiment, whereas Fig. 1(b) and Fig. 1(c) shows
fabricated 0.915 GHz and 2.45 GHz antennas with
the return loss. Their performance are compared and
recorded in Table Il and Table Ill. Antenna parameters
are calculated using Eq. (6) to Eq. (11) as follows:

Width of Substrate and _ C
Ground, Width, W ~

2C

Effective
€ +1 1
Dielectric = —¢ + &7 (1 +12 —W> (7)
Constant, g, 2 2 h
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Length frequency indicated as f .

w

— +0.264

Extension, = 0.412h (e,+0-3) ( h W+ )
AL (€,+0.258) (—— +0.8) Specific absorption rate (SAR) refers to the rate at which

the mass of body tissues absorbs heat, and it is expressed

Effective  Length, L = < (9 in W/Kg or mw/g (17). The calculation can be performed
2f A/ e, using the formulas listed in Eq. (4) and Eq. (5) as follows
g : (18):
Actual Length, AL = L - 2AL (10)

Radius of F o

Circular = = —— =p.(SAR) (4)

Patch, a 2h of 2 11 E 1?2

T+ [Inin (—-) +1.7726]
fre,
_ CaT 5)
8.791 X 10° Al

] e (1)
The variables listed in Eq. (4) and Eq. (5) are Electrical

The parameters for designing the circular antenna  conductivity E, which is expressed in (Sm-1), Tissue
include €, which presents the permittivity of the  density, pisin (kg m-3), Specific Heat Capacity of tissue,
dielectric, w and h, which indicate the width and the  C is expressed in (J-1kg °C), and Primary time derivative
height of the substrate, respectively. The radius of the  of tissue temperature, computed using this formula
circular patch is labelled as a. Other variables involved  (AT/At) where AT represents temperature rise in Celsius
are the speed of light, denoted as C, and the resonant  and t is the exposure time in seconds (7).

Table 11: Sample of SAR results using Applicator with and without Water Boluses
No Water Bolus

Applicator T1 Applicator T2 Applicator T3
Pesk Spatia-Aversge SAR[IEEE/IECE2T04-1](x,y.2.10), avgSAR[IEEE] in mW/g Pesk Spatisl-Average CE2T04-1]{x.y.2.10), ig Pack Spata-Average SAR[IESENECSITOS )y 2 K], AGSARJEEE] In mi/g
2vg over 10g. DISTIUEGN, Norm 10 10W / 0001259 a1 2.85GHZ, VG SARJIESS], Vane ECT U0 I Do O JE L2 B = 0 aug over 107 CISTDUBON, NOTM 10 10V / 0.ODTOTSW 31 0915GHZ, WGSARJIEEE], Vaue
0.1 5
17 2z Bi 15.307
E E ! 6.47 E
c 11.1 S 0o ‘ 0 c 14.523
w 00 9.3 g g w 00+ 12.168
% 75 4 Bl 3 9.813
N 57 N -0 N-0.1 7.458
-0.1 30 2z 5103
2.1 | 22 2748
0.0 01 0.0 7 p.1 02 00 0.1 02
Y Axis inm /II?XIS nm W Y Axis inm
SAR: 11.70 mW/g ST.n.q:,ﬁZhrg rs/g SAR: 15.31 mW/g
Times: 0.58 hours FPD: I38 : ;1 Time: 0.44 hours
FPD: 26 mm - 80 mm sremm-=/Zmm FPD: 28 mm — 108 mm
Antenna with Water Bolus (Deionized Water)
Pesk Spatis-Avarage SA JIECE2704-1](x,y.2.70), in mWig Peak Spatiah 9 i 704-1)ix.y.2.70). in g Fesk SpatishAverage 1]{x.y.2.10). avgSAR[IEEE] in mWig
g over 107 Distiouton, norm 8 10N/ 2138005V 3 2 55T, VJSARJIEEE] Vaus avg ovex 10, DISNIUEON, AN 10 10V / Q.001265W 3 0915GHZ., v SARIESS, Valwe g var 10g. DISYAIGN, MM 10 10V / QODTISIVY 3 Q.91SGHZ, AgSARJESE].
0.1
292 0.1 10.823 01 17.94
£ 278 £ 10.268 E 17.02
= —
< 00 2.33 & 00 8.603 £ 00+ 1496
2 188 % 6.038 z 11.50
NG 143 N .01 5273 N g4 8.74
-01 0.98 3.608 598
0.53 1.943 322
0.0 0.1 0.0 01 02 0.0 0.1 0.2
Y Axis in m Y Axis inm Y Axis in m
SAR: 2.92 mW/g SAR: 10.82 mW/g SAR: 17.94 mW/g
Time: 2.33 hours Time: 0.63 hours Time: 0.38 hours
FPD: 23 mm = 73 mm FPD: 36 mm - 73 mm FPD: 35 mm - 107 mm
Rectangular Shape Cone Shape Circular Shape
CONTINUE

111 Mal ) Med Health Sci 21(SUPP11): 108-116, Nov 2025



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Table 11: Sample of SAR results using Applicator with and without Water Boluses (CONT.)

Antenna with Water Bolus (Distilled Water)

Applicator T1

Applicator T2

Applicator T3

Pesk Spatish 704-1](cy.2.10).

in mivig

20 ver 109 DiSYIDBOn, o 10 10V / 2.1152-008W 3 2.45G+Hz, VSARJEEE], Vaus

Peak Spatisl-Aversge SAR[IEEE/IECE2704-1]fx.y.2f0), avgSAR[IEEE] in mWig

g aver 10, Diskuion, 1o 10 10V 1 0O00S3TIW 3t Q.915GHZ, Mg SARIEEE], Valve

0.1
3217 us 1073
E 3.063 £ 10.18 £
= = =
= 0.0 2.558 » 0.0 2 gg 3
z 2.063 B .
N 1568 N 1 523 N
-0.1 1.073 3.58
0.578 1.93
0.0 01 0.0 01 02
Y Axis inm Y Axis inm

SAR: 3.22 mW/g
Time: 2.11 hours
FPD: 25 mm - 80 mm
Circular Shape

SAR: 10.73 mW/g
Time: 0.63 hours
FPD: 32 mm — 68 mm
Rectangular Shape

0.1

-0.1

2704-1)6x.y,2.10),

29 over 10g. DisRulon, nomn fo 10V / Q0004197 31 0$15GHZ. 2vg SARIEEE], valve

24 862
23.587
19.762
15.937
12.112
8.287

4.462

0.0 01 0.2
Y Axis inm
SAR: 24.86 mW/g
Time: 0.27 hours
FPD: 34 mm — 108 mm
Rectangular Shape

Table I11: SAR for Applicator using Various Shapes of Water Boluses

Applicator T1 and Water Bolus (DI)

No Rectangular

Circular Sphere

Cone

1. SAR: 2.92 mW/g
Time: 2.33 hours
FPD: 23 mm — 73 mm

2. SAR: 5.80 mW/g
Time: 1.17 hours
FPD: 36 mm — 71 mm

3. SAR: 67.96 mW/g
Time: 0.10 hours
FPD: 36 mm — 71 mm

4, SAR: 2.44 mW/g
Time: 2.78 hours
FPD: 23 mm - 73 mm

5. SAR: 10.73 mW/g
Time: 0.63 hours
FPD: 32 mm - 68 mm

6. SAR: 24.86 mW/g
Time: 0.27 hours
FPD: 34 mm - 108 mm

SAR: 2.73 mW/g
Time: 2.49 hours Time: 3.18 hours
FPD: 23 mm — 70 mm FPD: 22 mm — 66 mm

Applicator T2 and Water Bolus (DI)

SAR: 6.05 mW/g SAR: 10.73 mW/g
Time: 1.12 hours Time: 0.63 hours
FPD: 36 mm- 73 mm FPD: 31 mm - 67 mm

Applicator T3 and Water Bolus (DI)

SAR: 17.94 mW/g SAR: 18.62 mW/g
Time: 0.38 hours Time: 0.37 hours
FPD: 35 mm - 107 mm FPD: 35 mm- 105 mm

Applicator T1 and Water Bolus (DS)

SAR: 3.22 mW/g SAR: 2.73 mW/g
Time: 2.11 hours Time: 2.49 hours
FPD: 25 mm — 80 mm FPD: 23 mm - 68 mm

Applicator T2 and Water Bolus (DS)

SAR: 10.73 mW/g SAR: 10.73 mW/g
Time: 0.63 hours Time: 0.63 hours
FPD: 32 mm — 68 mm FPD: 31 mm - 67 mm

Applicator T3 and Water Bolus (DS)
SAR: 17.65 mW/g SAR: 18.04 mW/g
Time: 0.39 hours Time: 0.38 hours
FPD: 35 mm- 107 mm FPD: 37 mm — 106 mm

SAR: 2.14 mW/g

SAR: 2.34 mW/g
Time: 2.91 hours
FPD: 22 mm — 67 mm

SAR: 10.82 mW/g
Time: 0.63 hours
FPD: 36 mm — 73 mm

SAR: 17.94 mW/g
Time: 0.38 hours
FPD: 36 mm- 107 mm

SAR: 2.73 mW/g
Time: 2.49 hours
FPD: 23 mm - 70 mm

SAR: 10.82 mW/g
Time: 0.63 hours
FPD: 36 mm- 73 mm

SAR: 18.14 mW/g
Time: 0.38 hours
FPD: 36 mm- 106 mm

Design of Experiment 2: Water Bolus

The SEMCAD X 14.8.4 software simulator is used to
develop four different shapes of water boluses such as
rectangular, circular, sphere and cone. The circular
microstrip patch antenna is connected with a 2 mm
thickness of distilled and deionized water boluses,
which is then attached on the surface of the breast
phantom. The water bolus serves as a coolant for the
skin surface and enhances the dispersion of heat in the
breast phantom. Initially the 2.415 GHz and 0.915 GHz
circular microstrip patch antenna positioned directly on
the breast phantom without water bolus to heat T1, T2
and T3 malignant tissues. The following experiment was
integrating antenna with modified structures of various
shapes of water boluses. Integration of antennas with
water boluses aims to deliver heat to the target region to
destroy the malignant tissues.

Ethical Clearance
The Medical Research and Ethics Committee (MREC),
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Ministry of Health (MOH) has provided ethical approval
for this study, Ref: KKM/NIHSEC/P20-578(12).

RESULTS

Return loss, S, and Radiation Pattern of Circular
Microstrip Patch Antenna

Return loss S, of the 2.45 GHz is 14.82 dB. The antenna
is developed to destroy T1 malignant tissues. The input
Impedance is 50 ohms to reduce impedance mismatch
or signal loss between the patch and the feed line.
Meanwhile, return loss for 0.915 GHz is 12.916 dB. The
antenna is developed to destroy T2 and T3 malignant
tissues. Both 2.45 GHz and 0.915 GHz antennas met
the requirement for signal transmission with a return loss
less than 10 dB. Meanwhile, fabricated 0.915 GHz and
2.45 GHz antennas presented slightly different value of
return loss. But all the return loss results from fabricated
antennas produced below 10 dB which indicate a good
match between antenna and the transmission lines. A
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2.45 GHz shows higher return loss than 0.915 GHz. The
simulation results for both antennas agree with return loss
result from fabricated antennas. A 0.915 GHz antenna
is able to destroy T2 and T3 sizes of malignant tissues,
whereas a modification position of a 2.45 GHz antenna
enables the applicator to eradicate T1 malignant tissues.

Directional antenna is used in the research. The polar
plot radiation of 2.45 GHz for E-plane and H-plane main
lobe directivity is at 4 degree and O degree respectively.
Meanwhile, for antenna operate at 0.915 GHz the polar
plot radiation E-plane and H-plane main lobe directivity
is at 1 degree and O degree respectively.

Specific Absorption Rate (SAR)

In Table Il, antenna with no water bolus in the first row
shows the specific absorption rate (SAR) results when
the antenna is positioned in close proximity to the breast
phantom. The breast phantom receives a significant
increase in temperature, particularly in T1 and T2
malignant tissues. The lowest SAR results were indicated
by T2 with 6.82 mW/g, followed by T1 with 11.7 mW/g
and T3 with 15.31 mW/g. A lower SAR value shows
higher temperatures generated within the breast model.
The estimated time to destroy the malignant tissues for
circular antenna without water bolus is around 0.58
hours, 1 hour and 0.44 hours for T1, T2 and T3 sizes of
malignant tissues, respectively.

In the same Table Il, in the second row shows sample
of best SAR results for T1, T2 and T3 when antenna is
integrated with 2 mm deionized water bolus. Meanwhile
Table Il in the third row shows sample of best SAR results
for T1, T2 and T3 when antenna was integrated with
2 mm distilled water bolus. Table Il shows reading for
all SAR using circular antenna integrated with various
shapes of water boluses.

The graphs in Fig.2, Fig.3 and Fig.4 show the required
surface depth and the required inner depth for T1, T2
and T3 applicators to destroy the malignant tissues. The
required surface depth is indicated with a dark green
line, while the required inner depth is indicated with light
green line. The figures, namely Fig.2, Fig.3, and Fig.4
depict different shapes of distilled and deionized water
bolus. The surface depth of rectangular, circular, sphere
and cone shapes of distilled water are represented in a
light purple. Meanwhile, the inner depth of the different
shapes of distilled water bolus is highlighted in a light
blue. An orange colour indicates the surface depth
of deionized water bolus with different shapes, while
a dark purple represents the inner depth of deionized
water.

Applicator T1

3 n

,

%® B

o

L

Rectangular Circular Sphere Caone

e S urface Depth DS i Surface Depth DI i It Depth DS

i Inner Depth D s eqited Surface Depth sssmBequired Inner Depth

Fig. 2: Surface depth and Inner depth presented for Applicator T1.
Results of an applicator T1, a 2.45 GHz antenna paired with various
shapes of water bolus and placed on the surface of the breast phantom.
Some modifications for the antenna are made to deliver heat to the
malignant tissues. The modifications include some changes, such as
the position of the antenna was reversed, the antenna moving 80 mm
to the upper part of the breast phantom, and placed 45 from the
breast phantom. The modification enables heat to move towards the
malignant tissues. The required surface depth and inner depth for
TI malignant tissues are 53 mm and 68 mm, respectively. The graph
shows that all shapes of water boluses meet the required surface
depth and inner depth of T1 malignant tissues except for cone water
boluses, which almost achieve the inner depth of 68 mm. However,
the applicator for T1 creates significant undesired heating, as in Table
3, especially at the front side of the breast phantom. Excessive heat
can also be seen in Fig.3, where the heat is produced at 22 mm, 23
mm and 25 mm from the required surface depth of 53 mm.

Applicator T2
-7

Rectangular Circulzr Sphers Cone
edfurface Deph DS =ifurface Deph DI i Tomer Depth D8
= Inney Depeh DI s 20ited Surface Depi s Rzquired Inner Depth

Fig. 3: Surface depth and Inner depth presented for Applicator T2. The
average surface depth, and the average inner depth of heat delivered
to malignant tissues using applicator T2. A 0.915 GHz antenna is
coupled with various shapes of water bolus such as rectangular,
circular, sphere and cone shapes, and it is placed on the surface of
the breast phantom. The required surface depth and inner depth for
T2 malignant tissues are 39 mm and 74 mm, respectively. The graph
shows that all shapes of water boluses meet the required surface
depth of T2 malignant tissues. However, for average inner depth, all
shapes of water boluses approximately reached the required depth,
which is 74 mm. 73 mm depth is the nearest to the inner depth
necessary achieved using applicator T2 by employing circular shapes
of deionized water bolus as well as a cone shape of distilled and
deionized water bolus.
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Applicator T3

106 105 1§ 107
) e

Rectangular Circular Sphere Cone

= Surface Depth DS
== Tnner Depth DI

= Surface Depth DI = Tnner Depth I8

o 2uited Surfac Depth R equired Inner Depth

Fig. 4: Surface depth and Inner depth presented for Applicator T3.
The average surface depth and average inner depth of heat delivered
to T3 malignant tissues is as shown in the graph. A 0.915 GHz antenna
was coupled with various shapes of water bolus and able to destroy
T3 malignant tissues. The required surface depth and inner depth for
T3 malignant tissues are 35 mm and 95 mm, respectively. The graph
shows that all shapes of water boluses achieved the required surface
depth of T3 malignant tissues. However, for average inner depth, all
shapes of water boluses reached the required inner depth, except the
antenna with rectangular water bolus does not meet the required
inner depth.

The graph in Fig.2 shows that all shapes and type of
water boluses meet the required surface depth and inner
depth of T1 malignant tissues except for cone water
bolus, which almost achieve the inner depth of 68 mm.

Fig.3 shows the average surface depth, and the average
inner depth of heat delivered to malignant tissues using
applicator T2. A 0.915 GHz antenna is coupled with
various shapes of water bolus such as rectangular,
circular, sphere and cone shapes, and it is placed on
the surface of the breast phantom. The required surface
depth and inner depth for T2 malignant tissues are 39
mm and 74 mm, respectively. The graph shows that
all shapes of water boluses meet the required surface
depth of T2 malignant tissues. However, for average
inner depth, all shapes of water boluses approximately
reached the required depth, which is 74 mm. 73 mm
depth is the nearest to the inner depth achieved using
applicator T2 by employing circular shapes of deionized
water bolus as well as a cone shape of distilled and
deionized water bolus.

Fig.4 shows the average surface depth and average inner
depth of heat delivered to T3 malignant tissues. A 0.915
GHz antenna was coupled with various shapes of water
boluses and able to destroy T3 malignant tissues. The
required surface depth and inner depth for T3 malignant
tissues are 35 mm and 95 mm, respectively. The
graph shows that all shapes and types of water boluses
achieved the required surface depth of T3 malignant
tissues. However, for average inner depth, all shapes
and types of water boluses reached the required inner
depth, except the antenna with rectangular deionized
water bolus does not meet the required inner depth.

DISCUSSION

Table 1l in the first column, shows sample of SAR
generated by the applicator T1 with and without water
bolus. The antenna's heat is distributed to both malignant
tissues and healthy tissue. Integrating a circular microstrip
patch antenna with various geometries of distilled and
deionized water bolus reduced undesired hotspot. The
duration to destroy malignant tissues is around 2 hours
to 3 hours. The circular shape antenna with a rectangular
shape of deionized water bolus demonstrates that the
heat can penetrate to 73 mm which meet the required
inner depth at 68 mm for the T1 applicator. In addition,
the same antenna with a circular shape of distilled
water bolus demonstrated the shortest time duration
using antenna with water bolus which took around 2.11
hours and heat can penetrate maximum up to 80 mm
for destroying malignant tissues when compared to the
other three shapes of water bolus. Deionized rectangular
water bolus produced less unwanted hotspots compared
to other shapes within 2.33 hours. Construction of T1
Applicator and water boluses need to be improved to
optimize the antenna and enhance SAR performance.

Table I, in the second column shows the SAR produced
by the T2 applicator. The antenna emits heat that
concentrates on the region of cancerous tissues. Heat
evenly spreads throughout the malignant tissues. The
best results are performed using a circular shape antenna
integrated with a rectangular distilled water bolus, which
produced less undesired hotspots than other shapes of
water bolus. The time to destroy malignant tissues is
approximately 0.6 hours to 1.5 hours. The cone shape
of deionized and distilled water bolus, as well as the
circular shape of deionized water bolus, achieve a
maximum penetration depth of 73 mm.

Table 1l in the third column, shows the SAR generated
by the T3 applicator. The antenna emits heat that
spreads to malignant tissue. Heat is explicitly directed
at the affected area of breast tissues. The most optimal
outcome is achieved with a rectangular distilled water
bolus capable of penetrating malignant tissues up to a
depth of 108 mm. The time required to destroy malignant
tissues is less than 0.5 hours. The T3 applicator exhibits
the lowest occurrence of unwanted hotspots within the
breast phantom compared to the other two applicators.

Table Il in the first row and fourth row, shows results
of an applicator T1, a 2.45 GHz antenna paired with
various shapes of deionized and distilled water bolus
and placed on the surface of the breast phantom. Some
modifications for the antenna are made to deliver heat
to the malignant tissues. The modifications include
some changes, such as the position of the antenna was
reversed, the antenna moving 80 mm to the upper part
of the breast phantom, and placed 45 from the breast
phantom. The modification enables heat to move
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towards the malignant tissues. The required surface
depth and inner depth for Tl malignant tissues are 53
mm and 68 mm, respectively. However, the applicator
for T1 creates significant undesired heating, especially
at the front side of the breast phantom. Excessive heat
can also be seen in Table Ill, where the heat is produced
at 22 mm, 23 mm and 25 mm from the required surface
depth of 53 mm.

CONCLUSION

In conclusion, an antenna integrated with distilled and
deionized water bolus could transfer electromagnetic
waves to the breast phantom and distribute the heat
uniformly in the breast phantom. The coupling between
the applicator and the water bolus minimizes undesired
areas of high temperature in the breast model, whereas
applying heat with the antenna without the water bolus
leads to significant and undesirable regions of high
temperature within the breast model. Additionally,
water boluses not only cool the surface area of the
breast phantom but also retain the focus position
distance on the treated areas. T1 applicator showed
good SAR results when the antenna was integrated with
two shapes of distilled and deionized water bolus which
is in rectangular and circular shape. The T2 applicator
yielded optimal SAR performance when a circular
antenna was paired with two shapes of water bolus
either using deionized circular or deionized cone water
bolus. There is a significant decrease of undesired areas
of excessive heat around the treated regions.

Meanwhile, applicator T3 has demonstrated three
shapes of water bolus such as circular, sphere and cone
distilled and deionized water bolus can effectively reach
the desired focus position distance within the malignant
tissues. Electromagnetics properties that influence SAR
including antenna characteristics such as the frequency,
sizes, shapes and feedline along with the addition of the
water bolus which significantly influence the Specific
Absorption Rate (SAR), focus position distance and
penetration depth in the hyperthermia treatment. We
can see from the results shown in Table Il and Table
I, where heat delivered with water bolus reduced
unwanted hotspots in the surrounding healthy tissues and
focuses more to the target region. Water bolus helps to
alleviate undesired significant heating in healthy tissues
by providing cooling and altering SAR distribution. The
different sizes and shapes of water bolus influenced
the heat delivered to T1, T2 and T3 malignant tissues.
The shape of the water bolus is manipulated in order
to provide adequate heat to the malignant tissues while
minimizing the presence of undesirable hotspots. From
the experiment, the estimated time required to eradicate
malignant tissues of T1, T2 and T3 is around 0.1 hour to
3 hours. Further research on hyperthermia treatment is
required to improve the performance of circular antenna
to reduce undesired heat for applicator T1. Water
boluses of different shapes and antenna frequencies able

to destroy different sizes of malignant tissues. Increasing
the duration of hyperthermia therapy will enhance the
SAR performance and influence the penetration depth.
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