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ABSTRACT

This paper presents different data represented with specific
absorption rate (SAR) and temperature deviation, which obtained
by using phantom models of different tissues represented using
numerical simulation CST Studio Suite which uses two problem,
high frequency problem for evaluating electric field and (SAR),
and Thermal Steady State (TSS) problem for evaluating
temperature and activating others heat sources. This paper also
present classifications for tissues according to ability to energy
absorption and heat dissipation. First classification, tissues with
low blood flow and high water content, the tissue will absorb the
energy (SAR) and cause temperature increasing. Second
classification, tissues with low blood flow and low water content,
the tissue will absorb some of the energy (SAR) and causing
temperature increasing with low energy dissipation. Third
classification, tissues with high blood flow and high water content,
the tissue will absorb the energy (SAR) and cause minor
temperature increasing because of high blood flow.
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1. INTRODUCTION

The recent researches and reports focus on estimation the
specific absorption rate (SAR) and the temperatures deviation,
Some studies and scientific reports recorded occurrences of
some cases of headaches and other cases recorded occurrences
of eye diseases due to heat generated by exposure to high levels
of radiation energy[1]. Generally human tissue divided into
multilayer and each layer represents tissue[2,3,4]. The
electromagnetic ~ properties of human tissues vary with
frequency changing [5,6,7]. each tissue had different thermal
properties[8,9]. This paper gives interesting for evaluating the
maximum specific absorption rate (SAR) inside different tissues
and estimating the maximum temperatures. This study focused
on radiated power amount 600mW emitted from dipole antenna
with frequency 915MHz located at distance 20mm from
phantom model of human tissue with size (60x60x60)mm. This
frequency consider one of ISM (Industrial Scientific and
Medical) bands which commonly used in the diagnostic and
therapeutic applications. ISM bands were originally reserved
internationally for the use of RF electromagnetic fields for
industrial, scientific and medical purposes other than
communications[10,11,12,13]. The main purpose of the recent
researches is estimating the temperatures deviation in the tissues.
But for evaluate temperatures deviation at certain depth we need
to find (SAR) at certain frequency by applying equation (1) [14],

A. G. Saber
Department of EE
Mosul University

College of Engineering

CST C95.3 averaging method is used and it's similar to IEEE
C95.3 [15,16]. The Institute of Electrical and Electronics
Engineers (IEEE C95.1) and International Commission on Non-
lonizing Radiation (ICNIRP) are issued basic restriction limits
of SAR [17,18].

2
SAR = % W/kg) €Y

where o represents the conductivity of tissue (S/m), p the
density of the tissue (kg/m®) and E the electric field(V/m). The

temperature can be obtained by applying Bio-heat
equation(2)[19].

aoT
Gy 3t =V.(kVT) + p(SAR) — Br(Tyissue — Tp) + 4, (2)

Where C, represent specific heat of tissue, K the thermal
conductivity of the tissue, Tysse the temperature of the tissue, Ty
the temperature of the blood, A, the metabolic heat generation,
B the term associated with blood perfusion. The most important
applications for evaluating temperatures deviation are[8,20].

e Medical applications, such as hyperthermia and
electrosurgical Units.

e Studying the generated heat by exposure to
Electromagnetic waves which penetrate the
tissues.

The CST software is used for evaluating the electric field and
SAR inside human tissue in high frequency problem, then the
temperature is evaluating using thermal steady state (TSS)
problem [21]. The preliminary temperatures in the thermal
stationary state (TSS) are achieved with rms power scaling
factors by multiplying input power by two[21]. The CST
software  applies FIT technique (Finite Integration
Technique)[21]. This paper gives interesting for evaluating
maximum SAR for 1g and maximum SAR for 10g as well as
maximum temperature deviation for ten tissues.

2. CHARACTERISTICS OF HUMAN
TISSUES

2.1 Electromagnetic Properties

The Biological tissues instituted the body are comprised mostly
of water, the water institutes 72% of human tissues[22].
Generally, 99% of the tissue are made of four major elements;
oxygen, hydrogen, nitrogen and carbon[22], The recent and
previous research show that the electrical properties of human
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tissue are changing with frequency[5,6,7]. The electrical
properties of human tissue include both of conductivity and
permittivity. The database of most parameter are available [6,7].
Table 1, includes information for several tissues at frequency
915MHz [6], as well as approximate percentage of water content
for each tissue[23]. The electrical properties are important for
evaluating E-field and SAR using.

Table 1. Electric Properties of Human Tissue at 915MHz[5]
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T TR Conductivity | Permittivity
G (S/m) Re

Muscle 73-78 0.948 54.99
Fat 5-20 0.051 5.459
Brain(White) 68-78 0.595 38.83
Brain(Gray) 82-85 0.948 52.65
Spleen 76-81 1.280 57.07
Lung 80-83 0.459 21.97
Liver 73-77 0.861 46.76
Kidney 78-79 1.400 58.55
Bone 44-45 0.145 12.44
Eye-Sclera 65-83 1.172 55.23

2.2 Thermal Properties

The bio-thermal and bio-heat properties of tissues are fixed in
most recent researches [19,20], the important parameters for
simulation bio-thermal properties are thermal conductivity, heat
capacity, blood flow coefficient, basal metabolic rate and
density. The temperature deviation is predicted by using Bio-
heat equation which mention as equation (2). Table 2, content
the thermal properties which most used in simulation the
tissues[19]. The blood flow coefficient represents the scattered
energy caused by flowing the blood through tissue, the basal
metabolic rate represents the generating energy caused by
metabolic processes[24].

Table 2. Thermal properties of human tissue [19]
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£3g| %5 %8 77| S

Tissue = @ Z
Muscle 2700 0.46 3.6 480 1047
Fat 1700 0.201 2.5 300 916

Brain(White) | 17280 | 0.502 | 3.6 | 7100 | 1030
Brain(Gray) | 40000 | 0.502 | 3.7 | 7100 | 1030
Spleen 82000 | 0.543 | 3.7 | 15000 | 1020
Lung 9500 0.624 | 3.6 | 1700 | 1020

Liver 68000 0.469 3.6 | 12000 1020

Kidney 270000 0.499 3.9 | 48000 1020

Bone 3400 0.41 1.3 610 1990

Eye-Sclera 10300 0.624 4.17 | 14250 1010

Air 0 0.024 1.01 0 1.292

3. SIMULATION THE TISSUES AND
ANTENNA

In order to simulate tissues according to live organs, electric and
thermal properties according to Table 1 and Table 2 are used for
simulating phantom model with size (60x60x60) mm in CST
software coordinates. A dipole antenna with parameter of wire
length, L = 0.47A mm, wire radius, r = 1.5 mm, and feed gap, fg
=2 mm was located at distance 20 mm from the phantom model
as shown in Figure 1.

———

Phantom Model
(60*60*60)mm

I

Dipole Antenna
148 mm i

Fig 1: The simulation of dipole antenna and phantom model of
tissue.

The return loss of dipole antenna shown in Figure 2, which work
at 915MHz.
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Fig 2: The return loss (RL) of dipole antenna.
4. RESULTS AND COMPAROSON

The tissues will classify according to water content and blood
flow, from Table 1 we can observed some tissue have low water
content and low blood flow coefficient from Table 2 such as fat
tissue and bone tissue. The decrease in the value of the water
content leads to a decrease in the values of the conductivity,
therefore, the values of the specific absorption rate are expected
to decrease. Figure 3 shows the values of SAR,4 and SAR;y, Was
drawing as a function of phantom depth on coordinate (x,0,0) of
CST microwave studio.
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Fig 3:. Distribution of SAR inside phantom for bone and fat
tissue.

The tissues; spleen, kidney and liver which have high water
content and high blood flow coefficient, therefore the
conductivity will increase and the values of the specific
absorption rate are expected to increase. Figure 4 shows the
value of SAR;4 and SAR;o for different tissues.
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Fig 4: Distribution of SAR inside phantom for kidney, spleen
and liver tissues.

The tissues; muscle, lung and eye which have high water content
and low blood flow coefficient, therefore the conductivity will
increase and the values of the specific absorption rate are
expected to increase. Figure 5 shows the value of SAR;, and
SAR, for different tissues.
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Fig 5: Distribution of SAR inside phantom for eye, lung and
muscle.
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The tissue of brain divided to white substance and gray
substance, the values of SAR;y and SAR;q for brain shown in
Figure 6.
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Fig 6: Distribution of SAR inside phantom for brain tissues.

For evaluating the temperature deviation (AT = Max Temp —
T.) we should record the initial temperature (T-), which obtained
by turn off the power on antenna and record the temperature, the
maximum temperature can be obtained by applying 600mW to
dipole antenna and record maximum temperature inside tissue.
Table 3 explain comparison for a ten tissue which used for
testing, the comparison in Table 3 contain max SAR;y, max
SAR;qq initial temperature, maximum temperature and
temperature deviation inside tissues.

Table 3. Values of SAR;4 ,SARqq, temperature and
temperature deviation for different tissues.

2 2
= = —~
= |2 € g |S
c S . =
Tissue E/ ) = 3
© (<5}
< < [=
|2 3
i |z =
3.045 2.193 36.98 37.40 0.42
Muscle
0.191 0.179 36.96 37.02 0.06
Fat
Brain 2.407 1.784 37.40 37.51 0.11
(White)
Brain 3.145 2.222 37.17 37.23 0.06
(Gray)
3.510 2.357 37.18 37.21 0.03
Spleen
2.679 2.221 37.15 37.32 0.17
Lung
. 3.112 2.132 37.17 37.21 0.04
Liver
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. 2.942 2.443 37.17 37.18 0.01
Kidney
0.527 0.502 37.07 37.17 0.1
Bone
Eye- 3.464 2.362 38.36 38.51 0.15
Sclera

5. CONCLUSIONS

The results which obtained from testing ten tissues appeared
there three classification of tissues, by comparison the results in
Table 3 with the parameter of tissues in Table 1 and Table 2,
first classification some tissues recorded maximum temperature
deviation, which was ranging 0.16 to 0.4 such as eye, lung and
muscle, because those tissues had high water content and high
conductivity this caused increasing in SAR, the Max SARi4
recorded was 3.464 wi/kg, the low blood flow coefficient is
causing accumulation of energy with low heat dissipation. The
second classification recorded minor temperature deviation
which is ranging 0.06 to 0.1 such as fat and bone, although the
low water content and SAR, the Max SAR;4 recorded was 0.527
w/kg, the very low blood flow coefficient caused accumulation
of energy with very low heat dissipation. Third classification
some tissue such as spleen, liver and kidney recorded very low
temperature deviation which was ranging 0.01 to 0.04, because
these tissues have very high blood flow coefficient, this caused
high heat dissipation, although high water content which caused
high SAR, the Max SAR4 recorded was 3.51 w/kg, but because
the high blood flow coefficient which regarded as natural heat
sink caused very low temperature deviation.
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