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ELECTRICAL PROPERTIES OF TISSUE EQUIVALENT 
BOLUS FOR MICROWAVE HYPERTIIERMIA 

ABSTRACT 

Liquid (saline+ ethanol) and gel-like (saline+ polyethylene 
+ TXlSO) muscle-equivalent bolus suitable for ciinical · use in mi
crowave hypertherrnia have been developed. Using a combination of 
techniques, (short-circujted waveguides, and impedance sensing 
using a short monopol) electrical properties of various mixtures 
of the above materials have been studied at frequencies ranging 
from 1-lOGHz and temperatures from 25-45°C. Empirical formulation 
governing the functional dependency on frequency, composition and 
temperatures for electrical properties of microwave bolus have 
been derived. The following equations govern the electrical pro
perties of both the liquid and solid materials: 

where 

and 

E = (E
0

-P)(l+(F/FR)2)~l + 4.8 

<1 =(JS+ (%Hz0- 30)(F3/1.2x105)(1+(F/FR)2)-1 

E = 78.5(25°C); 77(30°C) and 75(35°C) • 
0 

P = Percentage (by weight) of non-water component 

FR= 14.SGHz(25°C), 12.4GHz(30°C) and llGHz(35°C) 

F = Frequency in GHz 

cr
5 

= low frequency conductivity due to salinity for gel
like · bolus and for liquid bolus, the concentration 
of ethanol also contributes. 

Techniques for measurements, empirical data leading to the 
above formulation, as well as data describing the temperature 
dependence of cr will be discussed. 
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Many researchers and clinicians have emphasized that tempera- \ 
ture uniformity is extremely important in hyperthermia studies. 1 

It has been demonstrated that bolusing, (encapsulation of treat-
ment area with a tissue equivalent "bolus" to achieve better treat
ment geometry) a concept which has its root in ionizing radiation 
therapy, can be applied successfully at microwave frequencies 
(2450MHz) for achieving better thermal uniformity, 2

'
3 Currently, 

at the University of Maryland Hospital, two types of bolus are 
being used. The first type, a gel-like material consisting of mix
tures of saline, polyethylene powder and TX-150 (rubber water), is 
similar to that originated by Guy. 4 A liquid bolus consisting of 
mixtures of saline and ethanol is also being used. The electrical 
properties of the above bolus materials were measured at 2.45, 8,5 
and 10GHz using a sh.ort circuited wave-guide technique at room 
temperature (25°C). A first order approximated formulation of the 
electrical properties of the above mixtures have also been derived. 
The formulation, based on matching empirical data to that predict-• ed from the principle of dielectric mixtures, describes the func-
tional dependence of E' (dielectric constant) and a (conductivity 
of the bolus) as a function of composition over the 1-l0Ghz fre
quency range. 5 

The equations derived in reference 5.were derived from data 
extrapolated over a wide frequency range and there is no informa
tion on temperature dependency. In order to improve the versa
~ility of the above formulation, we have studied the variation of 
E' and a at 25°C, 30°C and 35°C of the liquid and gel-like bolus 
at 24501\llz, The data suggest that a Debye Model with a tempera~ 
ture dependent relaxation time will describe the behavior of the 
liquid and solid bolus. In order to make the formulation com
plete, wide-band dielectrometry is needed. 

A wide band dielectrometry system has been developed from the 
Antenna Modeling Theorem which relates the impedance of a short 
monopole antenna in air to its impedance in dielectric materials. 6 

Our sensor consists of a short monopole which is designed with a 
minimum ground plane (Figure 2). The impedance of the short.mono
pole is measured in air and in the materials of interest, using 
an HP Automatic Network Analyzer. The use of the Automatic Net
work Analyzer is needed because of its capability of calibrating 
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out all its internal mismatches, The measurement system is shown 
in Figure 1. Using the transmission line equation, the impedance 
of the monopole in materials can be related to the input impedance 
measured at the Network Analyzer tenninal, The following equa
tions are used for this method: 

where 

R = Sin2o + A ✓E°" w2 ,Seco+ 1 
2E'wC ·, 2 

R = real part of monopole impedance 
X = imaginary part of monopole impedance 

tano = loss tangent of material 
E' = dielectric constant 
w = frequency 
and A, C are antenna constants 

By measuring Rand X in air (E'=l, tano=0) A and C can be obtained. 
The measured values of R and X in materials. can then be used to 
solve for tano and E' using a numerical method based on the Newton
Raphson Technique. 7 

. We have measured electrical properties of methanol, ethylene 
glycol and saline solutions and compared our results to data pub
lished_ in open literatures (NBS and Von Hippe!). We have consis
tently obtained a better than 4% agreement with published data on 
all our measurements, , 

• 
Our preliminary data on wide band dielectrometry suggest that 

for both the liquid and gel-like bolus, the dielectric constant 
( E') can indeed be described by a single relaxation Debye Model 
with temperature dependent relaxation time, The conductivity, 
however, is a sum total of contributions due to water relaxation, 
salinity and ethanol relaxation. The following equations are ap
proximately correct for describing the frequency and temperature 
behavior of the above bolus materials. · 

where 

and 

E = (Eo-P)(l+(F/FR)2)- 1 + 4,8 

CJ = CJs + (%HzO - 30) (F3/7. 2x10S) (1+ (F/FR) 2) .-l 

E
0 

= 78.5(25°C), 77(30°C) and 75(35°C) 

P = Percentage (by weight) of non-water component 

FR= 14.SGHz(25°C), 12,4GHz(30°C) and llGHz(35°C) 

F = Frequency in GHz 

crs = low frequency conductivity due to salinity for gel
like bolus and for liquid bolus, the concentration 
of ethanol also contributes, 
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