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ABSTRACT

A Non-invasive hyperthermia ablation technique of adipose tissue using a microwave is
proposed. It uses dielectric heating to heat the adipose tissue using a rectangular Horn antenna. A
selection of operating frequency 5.8 GHz, as an industrial, scientific, and medical radio bands
(ISM band), for concentrating electromagnetic (EM) power radiated from the external antenna to
the adipose tissue. To protect skin from heat, a silicon layer is used on the surface of the skin
instead of water bolus to reduce the percentage of burns on the skin surface. The performance of
this antenna is applied in three biological tissues (skin, fat, and muscles), using the simulation of
computer simulation technology (CST) microwave studio. The main feature in this antenna is the
centralization of the Specific absorption rate (SAR) at the fat tissue more than other tissues.
Finally, results achieved good matching of the return loss (S11), and linear SAR value became
high at fat tissue more than other tissues, and also the temperature distribution inside fat tissues
became 42.7 °C while keeping the temperature inside the skin and muscles below 40 °C after 30
minutes.

Keywords: Non-Invasive Hyperthermia, Subcutaneous Tissues, Lipolysis, CST Microwave
Studio, Horn Antenna, SAR.
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INTRODUCTION

Recently, the number of obese treatments
has been gradually increased since more and
more people have suffered from obesity due
to many reasons in modern society such as
lack of exercise, overeating, and so on. In
recent years, non-invasive body contouring
techniques have become one of the most
widespread procedures. Although
liposuction is extremely effective at
removing large amounts of excess fat, it is
accompanied by a significant risk of
complications such as pain, swelling,
prolonged recovery, scarring, hematoma, or
infection, which makes non-invasive
procedures increasingly preferred [1]. The
ideal non-invasive fat treatment would
safely and effectively “destroy or
deactivate” fat cells non-invasive surgically
for the long term, This has led to the
development of non-invasive technologies
based on high intensity focused ultrasound
(HIFU), cryolipolysis, low-level lasers, and
radiofrequency (RF) [1]. One of the non-
invasive methods is using RF the
Electromagnetic waves for lipolysis and
reduction of subcutaneous fat tissue. The
lipolysis is accomplished with hyperthermia
using microwave [2].

The main goal of this paper is to increase the
temperature of fat tissue to temperature
above 40°C for the lipolysis process; the
apoptotic threshold is 42°C. Adipocyte
apoptosis results in the release of
triglycerides from the disintegrated cell
membranes, but in a delayed and gradual
manner, enabling a slow and safe removal
through the interstitial space, and subsequent
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lipid transport systems, lymphatic and other
metabolic functions [3]. Also, another goal
is keeping skin and muscle below 42°C to
protect them from burns.

To reach this goal, a specific design for a
pyramidal horn antenna and phantom model
is performed, as shown in fig.2. A pyramidal
waveguide antenna was designed at 5.8
GHz, as its equations are taken from [4].
The Horn antenna is propagating and
radiating the electromagnetic waves for
transverse electric mode (TE10) to generate
temperature distribution over the area in fat
tissue. The TEL10 mode is discussed in [5].
The simplified phantom body model
consists of three layers, skin, fat, and
muscle, whose thickness was assumed to be
2 mm, 15 mm, and 30 mm, respectively. The
thickness of these tissues is taken as a
reference as it is mentioned in the more
related paper in [6, 7, and 8].

During the design process, the simplified
phantom tri-layered tissue model interfaced
with a silicon pad layer instead of a water
bolus layer with a thickness of 1 cm between
the antenna and the phantom model to
compensate for the stability of the return
loss S11 between the antenna and the
phantom and it is revealed on linear SAR
simulation, as shown in fig. 4. Also, a
silicon layer is used for the elimination of
hot spots on the skin during hyperthermia
treatment, as mentioned in [9].

This paper includes 5 sections, section 1 is
the introduction, section 2 is the literature
review, section 3 is the methodology,
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section 4 is the results and discussions, and
section 5 is the conclusions.

2. LITERATURE REVIEW

For many years, microwave radiators have
been used for hyperthermia treatment in
many medical areas such as cancer
treatment, muscle therapies, and lipolysis. In
hyperthermia treatment, the most biological
tissues are damaged or dead at a temperature
over 40°C [10]. In the case of cancer
treatment, the cancer cells can be Killed by
raising the cell temperature to over 42°C
[11]. The muscle treatment can be done by
stimulating the muscle with a temperature of
above 41°C [12]. Also lately, several
different treatment options of non-invasive
technologies have been developed like high-
intensity  focused  ultrasound  (HIFU),
cryolipolysis,  low-level  lasers, and
radiofrequency (RF) [13]. These devices
have emerged as a popular alternative to
surgical body contouring due to their
efficacy, favorable safety profile, and
minimal recovery time, and little cost.
Although they do not achieve the same
results as liposuction, they are an attractive
alternative for patients who do not want the
risks or costs associated with surgery [14].

First, the treatment method of non-invasive
fat reduction is wusing High-Intensity
Focused Ultrasound (HIFU devices) for
reducing adipose tissue and body contouring
[15]. Ultrasound devices for body
contouring have been designed for skin
tightening and fat reduction using acoustic
energy. High-intensity focused ultrasound
(HIFU) when focused at a targeted depth of
1.1 to 1.6 cm within subcutaneous tissue
raises local tissue temperature at the focal
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point resulting in almost immediate cell
death without damage to the surrounding
tissues [16]. There are several different
high-intensity focused ultrasound devices,
the most popular of which is Ultherapy®
(Merz Aesthetics, Raleigh, NC, USA).
HIFU generates heat at the target sites that
are attached to the external transducer. This
heat induces necrosis of the adipocytes and
stimulates collagen remodeling within the
tissue matrix. Tissue temperatures above
56°C facilitate the necrotic process whilst
avoiding the surrounding nerves and vessels
[14]. Targeting both fat and collagen leads
to gradual skin tightening and reduced
adipose tissue. A short-duration approach
helps ensure minimal epidermal damage.
Each procedure lasts for approximately 30—
90 min, depending on the treatment location
on the body. Common side effects include
erythema, localized pain, swelling, and mild
bruising, all of which typically resolve
within hours to days [17]. (Chang et al.
2013) used Ultra Shape Contour | (HIFU)
and RFVacTM (RF) from 2 weeks to 6
weeks in the Abdomen area, the results of
this method is the circumference reduced by
about 3.91 cm Fat thickness, 21.4% (upper
abdomen), 25% (lower abdomen). On
another hand,( Shek et al. 2014) used
Liposonix (HIFU) for a Single treatment
(46.3 min) in the Abdomen area, the results
of this method are the circumference reduces
about 1 cm fat thickness [13].

Second, another treatment method of non-
invasive by using Cryolipolysis,
Cryolipolysis is one of the newest
procedures for non-invasive fat reduction;
the principle of cryolipolysis is based on the
higher sensitivity of adipocytes towards cold
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in comparison with other cells. Cryolipolysis
was effective in reducing adipose tissue, and
also patient satisfaction was high after the
treatment session [18]. It uses controlled
cooling to specifically target areas of
adipose tissue whilst preserving surrounding
structures such as the overlying skin,
muscles, and nerves. The most commonly
used cryolipolysis device, Cool sculpts®
(ZELTIQ Aesthetics, Inc., Pleasanton, CA,
USA). A vacuum is used to suction adipose
tissue into an applicator cup in which the fat
is frozen between two cooling panels. The
cold-initiated damage triggers panniculitis,
which selectively induces apoptosis of the
adipocytes without damaging surrounding
tissues. The destroyed fat is then cleared by
macrophages. This inflammatory process
peaks at 2 weeks, but lasts for approximately
3 months and is accompanied by a
progressive decline in fat thickness [14].
After a cryolipolysis session, patients should
expect some mild temporary bruising,
swelling, and sensory changes that usually
resolve within days or weeks [19]. Results
may first be noticed 3 weeks after starting
treatment, but improvements may continue
for up to 6 months. Cryolipolysis is not
recommended in patients who are obese,
have amorphous fat, have had previous
abdominal hernia surgery, or suffer from
cold-induced metabolic disorders.
Cryolipolysis has been proved to be safe in
any skin condition either light or dark skin
type. There was no report of pigmentary
changes after the treatment. Furthermore,
some studies have revealed that there were
no significant changes in lipid profiles and
liver function tests within 12 weeks after
cryolipolysis [20]. (Garibyan et al. 2014)
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used Zeltig System (Cryolipolysis) for
Single treatment (60 mints) in the flank area;
the results produced a Fat thickness
reduction of 14.9%. Further, (Sasaki,
Abelev, and Tevez-Ortiz 2014) used Zeltiq
System  (Cryolipolysis) for a Single
treatment (60 mints) in multiple sites; the
results produced a Fat thickness reduction of
27% (abdomen), 25% (hip) [13].

Third, there is another treatment method of
non-invasive fat reduction by using Low-
Level Laser therapy. Laser therapy is a
relatively new, efficacious, and safe option
for patients seeking modest non-invasive
body contouring. Applying LLLT for fat
removal has no observable consequence on
surrounding tissues and does not increase
tissue temperature. Moreover, it takes time
to show its effect on the treated zone [21].
There are two types of devices currently
exist. The older version, low-level laser
therapy, was FDA-cleared in 2010 for fat
reduction in the abdomen, back, thigh, and
submental area. Low-level laser therapy uses
a 635 nm wavelength to create temporary
microscopic openings within the cell
membrane of adipocytes, allowing lipids to
leak out [14]. The lack of adipocyte cell
death led to concerns regarding the
permanency of low-level laser therapy-
induced fat reduction. A 1060-nm diode
laser has recently been developed that seeks
to reduce adipose tissue through a thermally
induced inflammatory process that is
reminiscent of cryotherapy (SculpSure®;
Cynosure, Westford, MA, USA). Fifteen
minutes of prolonged hyperthermia exposure
selectively raises adipose tissue temperature
to between 42 and 47°C. A prototype diode
laser system was developed utilizing four
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1,060 nm diode bars directly coupled into a
treatment handpiece [22]. This disrupts the
cell membrane integrity to a degree that
triggers apoptosis, after which the destroyed
cells are eventually cleared from the
interstitial space. The specificity of the 1060
nm wavelength combined with the device’s
contact cooling system ensures the
preservation of the overlying skin during
treatment [14]. The output could be adjusted
with irradiance up to 5 W/cm2 and pulse
durations from 100 ms to continuous [22].
Low-level laser therapy sessions typically
last up to 30 min. The 1060-nm laser
treatments are slightly shorter, lasting
between 20 and 25 min. There are no reports
of skin burns, scarring, or pigmentation
changes.  Swelling, tenderness, and
induration may occur in some cases, but
these undesirable outcomes typically resolve
spontaneously within 1- 3 weeks. Results
are best seen after 3 months, but
improvements may be seen in half this time
[23]. Laser treatment should be avoided in
patients with a scar or tattoo at the treatment
site, pregnant women, and those with an
abdominal hernia or implanted metal.
(McRae and Boris (2013)) used Erchonia
Zerona (635 nm LLLT) for 1 session/week
for 6 weeks, each session about 30 minutes.
It is applied in Waist, hips, and thighs areas;
the results produced the Circumference
reduced by 2 cm (waist), 1.95 cm (hips), and
2.97 cm (thighs). Additionally, (Savoia et
al. (2013)) used Vibro Light ™ (635 nm
LLLT + Vibration) for 3/week for 2 weeks,
each session about 40 minutes. It is applied
in Abdomen, flanks, thighs, or buttocks; the
results produced the Circumference reduced
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by 6.83 cm (abdomen and flanks), 3.42 cm
(thighs), and 6.16 cm (buttocks) [13].

Fourth, another treatment method of non-
invasive  fat  reduction by  using
Radiofrequency, RF is commonly used for
increasing deeper skin temperature without
any epidermal or dermal ablation. It is not
only used as an efficient method for
contracting or inducing skin tightening but
also as an effective method for reducing fat
[24]. Based on the principle of volumetric
heating and the varied impedance of
different skin layers, radiofrequency energy
is used to generate heat that selectively
targets the collagen-rich tissue layers to
contract and denature collagen fibers, which
results in immediate skin improvement. The
thermal injury also induces apoptosis of
adipocytes, which is responsible for the fat
reduction component of the treatment [14].
RF treatment required about 35 minutes of
average treatment time for the abdomen and
25 minutes of that for the thigh [25]. Post-
treatment, plenty of water intakes were
advised. No other special care was advised.
The efficacy and safety of a novel
radiofrequency for lipolysis, circumference
reduction, treatment of skin laxity, and
cellulite are very acceptable [25]. (Fajkosov
an et al. 2014) used Vanquish® (RF) which
is a monopolar radiofrequency device that
has been developed primarily for fat
reduction in the midsection including the
abdomen, back, and flanks, and can cover
very large treatment areas at one time
through the wunique use of extendable
paddles. It is applied for 1/week for 4 weeks,
each session about 30 minutes. It is applied
in the Abdomen area; the results of
Circumference reduction reduced by 4.93
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cm. Further, (Boisnic et al. 2014) used
BodyFX ® (RF + suction) for 1/week for 6
weeks in the Abdomen area; the results of
Circumference reduction of about 1.9 cm. on
the other hand,(Adatto, Adatto-Neilson, and
Morren 2014) used VelaShape 1I® (RF, IR
and mechanical) for 1 /week for 6 weeks in
Multiple sites; the results of Circumference
reduction about 1.4 cm (abdomen/flanks),
1.2 cm (thighs),0.5 cm (buttocks) [13].
Radiofrequency sessions typically involve
heating an area between 430C and 45°C,
over 20-30 min followed by air-cooling of
the epidermis with the device’s built-in
cryogen spray which creates a reverse
thermal gradient. This cooling process is
critical to protect the skin from
complications such as burns, infections, and
scarring changes [14]. So Microwave is used
to reduce subcutaneous fat without burning
the skin as a non-invasive solution to
prevent obesity that may lead to diabetes,
hyperlipidemia, arthritis, etc.

METHODOLOGY

The hyperthermia lipolysis can be done by
increasing the temperature of subcutaneous
adipose tissue above 40°C, as it is
mentioned in [2, 26, and 27]. For reduction,
the  subcutaneous fat  tissues, the
electromagnetic energy outside the body are
used by an antenna to transmit an
electromagnetic field to the fat under the
skin to generate heat at the fat itself to melt
it. Because of skin on the side of
Microwave energy to transmit from the
antenna to the fat, for that, the skin must be
heated by the electromagnetic energy since
the skin has higher relative permittivity than
the fat has as is shown in table 1 [28, 29].
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Thus, the skin absorbs electromagnetic
waves more than fat; these results prove that
the temperature of the skin is higher than
that of fat under microwave radiation from
outside. Then, it is necessary to prevent any
thermal damage to the skin. So In this
system, a silicon layer is used as an external
material instead of water-bolus to reduce the
percentage of skin burns [9]. So the skin
temperature is not exceeding a certain
temperature (43°C).

For selecting the frequency band, Fig. 1
shows the absorbed power of the fat layer to
incident power ratio versus operating
frequency [27]. As shown in fig. 1 the
absorbed power by fat tissue is maximum
around 5GHz, so the selection of 5.8 GHz as
the operating frequency, and also because
5.8 GHz is one of the ISM bands [2].

Table 1: The electrical properties of skin, fat, and
muscle tissues at 5.8 GHz [28, 29]

Relative | Conducti Loss
Tissue | permittiv vity, Tangen
ity, & (S/m) t, tan o
Skin 38.62 4.3 0.34
Fat 4.95 0.29 0.18
Muscle 48.48 4.96 0.32
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Fig. 1: The power absorbed in fat tissue.

3.1. ANTENNA DESIGN

To overcome this challenge, a specific
design of pyramidal horn antenna that can
be wused in microwave non-invasive
hyperthermia lipolysis without leaving any
skin burns. The design consists of a
pyramidal horn antenna and phantom model,
as shown in fig.2. The pyramidal Horn
antenna was designed at a single frequency
at 5.8 GHz. The equations of this design are
taken from [4]. Rectangular structures can
be subdivided into H-plane, E-plane, and
pyramidal horn structures (Balanis, 2005;
Elliott, 2003). In this system, typically the
pyramidal horn antenna is designed, which a
schematic model is shown in Fig. 2, with the
dimensions of the aperture rectangular guide
feed to be A x B = 145 mm x 105 mm and a
x b =525 mm x 22.5 mm, respectively. The
wall thickness is 2.5 mm. Pyramidal horn
antenna is a type of aperture antenna. The
horn antenna is propagating and radiating
electromagnetic waves for TE10 mode to
generate temperature distribution inside the
area of fat tissues more than other tissues.
The TE10 mode is a type of microwave
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modes discussed in [5]. The horn antenna is
constructed of aluminum for robustness,
corrosion resistance, and high power
sustainability.

The uniqueness of this design is that it is the

first time to use a rectangular horn antenna
for lipolysis, as in previous works; the
design is about circular waveguide antenna.
Also, this antenna structure is simple and
easy to design and manufacture. Also, this
antenna is coupled with a different material
called silicon instead of water bolus as
mentioned in other related researches in this
field. Also, there isn’t use for a cooling
system, as it is an essential part of previous
research in this area that makes the design is
more complicated. Also, the antenna is
coupling directly with the phantom model
through a silicon layer that makes less
power used in this system because of less
waste of power. The simplified phantom
body model consists of three planar layers
(skin, subcutaneous fat, and muscle), whose
thickness was assumed to be 2 mm, 15 mm,
and 30 mm, respectively. The thickness of
these tissues is taken as a standard here as it
is repeated in the more related paper in [6, 7,
and 8]. The electrical properties of the three
tissues mentioned before at 5.8 GHz are
shown in Table 1 [28, 29]. Also, the thermal
properties of the three tissues mentioned
before are shown in Table 2 [30].

Another important part of a hyperthermia
system is Water Bolus. Water Bolus as a
cooling device, it is used to prevent skin
damage in many of the available equipment
in hyperthermia applicators. But it causes
adverse effects on antenna radiations [31].
During the design process, the simplified
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phantom tri-layered tissue model interfaced
with a water bolus. It was used to
incorporate the main electrical effects of the
antenna on the phantom model, but the
results don’t validate the proposed antenna
design, because of mismatching in return
loss. So a selection of a silicon pad layer
instead of a water bolus layer is the best
choice to compensate for the stability of
reflection coefficient S11 between the
antenna and the phantom model.

The difference from previous researches in
the hyperthermia lipolysis field is that it is
the first time to use this material called a
silicon layer instead of a water bolus
material between the antenna and the
phantom model. The silicon layer material is
used before but, for cancer hyperthermia
treatment in muscle tissue [9]. Also, a
silicon layer is used for the elimination of
hot spots on the skin during hyperthermia
treatment. Maybe the most important benefit
of using a silicon layer instead of water
bolus is exhibited in linear SAR simulation,
as shown in fig. 4. After being informed of
the reasons for the necessity of the silicon
layer, now the thickness of that must be
investigated. For this, a parametric sweep of
the thickness of silicon is performed in CST
software to get the best results in s11 and
linear SAR. So the best thickness of a
silicon layer is selected in coordination with
S11 and linear SAR results, so its thickness
about 1 cm between the horn antenna and
the phantom model for best results in fig. 3
and fig. 4. The proposed antenna can make
the highest temperature distribution inside
the subcutaneous fat layer, which means that
it expands an effective area for hyperthermia
treatment. So it could be effective to treat

4.
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subcutaneous fat of a wider area only with a
single antenna. To minimize the spillover
power of the antenna, the pyramidal
waveguide antenna was designed for the use
in contact with the skin directly.

" i:::- I

Fig.2: The horn antenna with phantom model

Table 2: The thermal properties of each tissue type
[30]

Tissue | Mass | Specific Thermal
Density | Heat | Conductivity
(kg/m3 | (J/kg/°
) C) (W/m/°C)
Skin 1100 3150 0.34
Fat 910 2300 0.23
Muscle | 1041 3500 0.49

RESULTS AND DISCUSSIONS

Simulation, analysis, and modification of the
design parameters were performed using
commercial CST microwave studio software
as a simulation tool. The performance of the
antenna is investigated with only a silicon
pad. The best height of the silicon pad is
selected in coordination with S11 and linear
SAR results. Then the best height of the
silicon pad is 10.5 mm for good matching in
return loss S11 and linear SAR inside fat
tissue. The Horn applicator is fed with 0.5
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W and applied on to the phantom model for
3000 Sec.

Fig. 3 shows simulated return loss S11 of
the antenna with the phantom model. As
shown in fig.3 there is a good matching
between the horn antenna and phantom
model at 5.8 GHz. The Linear SAR value of
the EM wave inside fat tissue in the
phantom model is 2.2 W/kg, which is
compatible with the regulated SAR
limitation (> 0.5 W/kg) of the IEEE standard
for local hyperthermia applications. The
SAR value is shown in fig. 4.

Also by using the CST simulation program,
by using a thermal solver inside it to present
the temperature distribution inside the
phantom model at 5.8 GHz, as shown in fig.
5. The temperature started from 37°C and
after 30 minutes, the temperature inside fat
tissue rises above 42°C. This means that
affecting fat tissues causing lipolysis of the
subcutaneous fat that leads to apoptosis of
these tissues. Adipocyte apoptosis results in
the release of triglycerides from the
disintegrated cell membranes. This disrupts
the cell membrane integrity to a degree that
triggers apoptosis, after which the destroyed
cells are eventually cleared from the
interstitial space. The destroyed fat is then
cleared by macrophages [14]. Also, it is
confirmed that the skin temperature does not
rise higher than the fat temperature, as
shown in fig. 6. The temperature of the skin
and muscle tissues is still below 40°C after
30 minutes.

AS compared with other papers in this field,
getting a high temperature at fat tissue above
40°C, plus keeping the temperature at skin
and muscle below 40°C without using a
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cooling system, as it is discussed in [2, 27].
Also, these results are acceptable without
using the external heat sink, as it is
discussed in [26]. This work is about design
a horn antenna which is a simple design and
using a silicon pad as an external material
used in skin cooling and to prevent hot spots
on it. This material is simple and cheap. A
comparison of electromagnetic
characteristics of the proposed antenna and
previous work are shown in table 3.

Fig. 3: Return loss of the pyramidal horn antenna

SParameters [Magniude n dB]

4
Frequency | GHz

with phantom model

Fig. 4: SAR value at the three-layer phantom model

Fig. 5:

The simulation result of the temperature
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Fig. 6: The temperature inside the phantom model (skin, fat, and muscle) versus time

Table3:Comparison of electromagnetic
characteristics of the proposed antenna and previous

works
Parameters This [2] [26]
work
Frequency 5.8 5.8 7.875
(GHZ) GHz GHz GHz
Return Loss | -18 dB Not -22 dB
(dB) availa
ble
SAR [W/kg] 2.2 Not Not
W/kg | availa | available
ble
Temperature | 425°C | 45°C | 425°C
°Cin fat
tissue after
30 min.
Temperature | 38.7°C | 42°C | 39°C
°Cinskin
tissue after
30 min.
Power (W) 05W | 4W 3.3W
Using cooling no yes yes
system

5. CONCLUSIONS
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In this paper, a simple design of pyramidal
horn antenna for non-invasive microwave
hyperthermia lipolysis is proposed without
leaving any skin burns. An important
modification of this paper is to replace the
water bolus layer with a silicon layer due to
its low weight and reduced harmful effects
on body tissue. The disadvantage of the
water bolus is its unpredictable and complex
behaviors during treatment as well as its
heavy structure making serious problems for
hyperthermia antennas designers. The
operating frequency has been selected for
the RF power not to penetrate to the inner
organ of the body but to penetrate fat tissues
under the skin effectively. Also, it is in the
ISM band. To prevent damages to the skin
when the microwave power is applied by an
external antenna, a silicon pad is developed
to eliminate hot spots on the skin surface
during hyperthermia. In future work, a
modification will be added like using an
external fan or conditioner to add more
cooling for the skin. Finally, the simulation
results give return losses S11, SAR, and
thermal distribution which show a good
electromagnetic  performance of the
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proposed antenna based on IEEE standards,
and also they are investigated for proposed
concept confirmation. So lipolysis can be
successfully performed using an external
antenna. The results were compared with
those of previous work of other researchers.
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