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Abstract: The Transmission Line Matrix (TLM) method is
used to study a noninvasive two-dimensional electric-type

hyperthermia applicator model.

The electric field

distribution, the specific absorption rate (SAR) and the
spatial heating patters are calculated and graphically
displayed for several design variations, showing the

fundamental limitation of this kind of applicator:
overheating of the fat by normal components of electric

field. One example of applicator designed to avoid fat
overheating is desuibed. a 100 MHz E-Dipole with thick
water bolus, utilized for treatment small tumors at 4-5 cm
muscle depth.

Our computational program positions the grid in a x-y
plane, and calculates field components Ex, Ey and Hz.

From the E field distributions obtained by the TLM
program, are calculated the SIR and the linear temperature
rise, Tr . The behavior of all of this magnitudes for several
design variations are graphically displayed in the extended
paper
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Its known that Hyperthermia- elevated tissue

Y

temperature by radio frequency (RF) and microwave fields-

+

cancer therapy. In order to
understand this phenomena and facilitate their use for

has beneficial effects

in

therapeutic purposes, numerical techniques are employed
for modeling the processes involved in interactions between
electromagnetic fields (EMFs) and biological systems.

In this paper, we focus our attention on the use of
Transmission Line Modeling QLlvl) method as an
hyperthermia applicators design tool. The TLM is a wellestablished time-domain differential method suitable to

hyperthermia calculations because of its capability of
modeling heterogeneous electromagnetic problems whit
complex geometry and its conservative demand for
computational resources []. Although TLM has been used

for many years in solving

microwave
problems, apparently have not been widely used to study

successfully
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l:

Problem geometry. The E-Dipole is separated by
I cm fat layer over muscle.

a I cm air gap from a

RESULTS AND DISCUSSION

This paper veriff, as is known in [2], that the
fundamental limitation of E-field applicators is fat
overheating by strong normal components of the electric
field. This phenomenon is illustrated by Figure 2, which
shows the SAR pattern for the model of Figure l.

noninvasive hyperthermia applicators with heterogeneous
tissue models.

PROBLEM DESCRIPTION

10

shows the model of heterogeneous human
tissue and the plane-type hyperthermia applicator adopted
[2]. The values for the dielectric parameters of tissue model

Figure

I

[2]-[3], vary significantly with tissue fype and

2.0

are

frequency dependents, hence, we must solve the full
Maxwell equations on a bounded, inhomogeneous domain.
The plane-type applicator is modeled by a 2D-electric
dipole [2], defined by two infinitely wide metallic sheets
separated by an airgap, the E-field component across the
airgap whit specific magnitude and phase is also defined,
and polarized along the dipole axis.
For numerical simulations we used a 2D TLM algorithm
[]. The mesh employed consists of "series" topology cells.
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Figure 2: Normalized SAR pattern for the configuration of
l. The values of contour lines are given on the

Figure

contour plot.
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Because the permittivity of muscle is much higher than
that of fat, a normal electric field in fat is much higher than
that in the muscle. The power absorbed in the tissue is
proportional to oE2, where o is the conductivity. Thus, even
though the conductivity is higher for muscle than fat, E2
dominates and the power absorbed in the fat is typically
several times in muscle.
The strong normal E components are due two causes: l)
capacitive coupling of the applicator with the tissue, and 2)
intersection of fat by antenna near fields.
We then studied others applicators variations to avoid
near-field heating of the fat. For example, figure 3 shows a
100 MHz E-Dipole separated by a 20 cm water bolus from
fat and muscle. In this case, only far fields (radiative fields)
intercept the fat. These fields are primarily tangential to the
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Figure 4: Normalized SAR pattern for the configuration of
Figure 3.

CONCLUSIONS
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This paper evidence that overheating of the fat by the
normal E components fundamentally limits deep-heating of
heterogeneous tissue with this class of applicators. If the
radiating dipole is separated by a thick water bolus from
tissue, the near-filed heating is avoided and a maximum
power absorbed in muscle is obtained.
This investigation confirms the effectiveness of TLM
method to modeling high frequencies biolectromagnetics
problems, being capable of provide accurate results and
allows the designer to investigate ideas much more rapidly
than could be done experimentally.
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Figure 3: Geometry configuration for E-Dipole separated
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Figure 4 shows how the SAR is maximum at the near

boundary

of the muscle
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at 4-5 cm tissue depth.
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