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Abstract 
We estimate the upper bound a temperature rise during the microwave heating of living 
tissues. The bio-heat equation is considered to investigate the upper bounds on temperature 
rise. Under physically reasonable assumptions we use the upper solution approach to establish 
an upper bound on temperature. The results revealed that the upper bound on temperature 
rise is dependent on parameters such as the rate of blood perfusion(o'0), the 
size of engine and the initial data. Our results give guide to the choice and design of heating 
device, this also can assist us to avoid hot spot occurrence and prevent the destruction of healthy 
tissues. 

Introduction 
Since the reported work of Bush in 1866 of the disappearance of cancer on the skin surface of a patient contacted 

with high fever, heating has been seen as an agent to destroy the cancerous tissues or control their growth. 
ft has been found that heating of the diseased cell will kill more ceils at a longer time for a given temperature or 

at a given lime for a higher temperature. Despite this breakthrough, it was discovered that heat deposition pattern is not 
uniform and the possibility of hot spot is reported in the literature (Coleman, 1990; Kastella and Fox, 1971; and Kritikos 
and Schwan, 1975). This can lead to the damage of surrounding normal tissue in an attempt to destroy cancerous ceils. 

Kastella and Fox (1971); and Kritikos and Schwan (1975) undertook a theoretical study that under certain 
circumstances, hot spot may be induced inside brain tissues by electromagnetic fields of only moderate intensity in the 
former and in the later the formulation of the hot spot in multilayer sphere in the frequency region of 50MHz to 10 GHz 
was reported. Effects of thermal properties and geometrical dimensions in the skin burn injuries have been discussed by 
Jiang et al (2002). Lui (2002) gave a preliminary survey on the mechanism of the wave-like behaviour of heat transfer in 
living tissues. In another perspective Ei-dabe et al (2003) discussed the effects of microwave heating equations on 
the thermal slates of biological tissues and thereby predict the effect of the thermophysical properties on the 
transient temperature of tissues. A numerical method was used to solve their model. 

We are concerned in the present work about estimating upper bounds for temperature rise for microwave heating 
of tissue under physically reasonable assumptions. Our results give guides to selection of heating devices and proffer 
steps to avoid the occurrence of hot spots and prevent the destruction of normal tissues. 

In section I we give the brief literature review while in section 2, we give the mathematical formulations and the 
assumptions which are put under consideration. In section 3 we give some basic preliminaries (o our problem while in 
section 4 we outline brief steps to determine the bound on temperature and in section 5 we discuss our results. 

Mathematical Formulation 
The non-dimensional equation governing the heat deposition and consequent rise in temperature in 

biologic tissue is given by see (Adebile, 1997). 
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Results and Discussion 

Our results give an estimate of the maximum temperature rise for selected heating sources and 
for different models under given conditions. These results give guide to the choice of heating device if a 
desired rise in temperature is expected. We consider our discussion for the bounds on temperature rise 
under three sub-headings. 

(i)         The Bio-heat energy transfer model 
(ii)        The microwave heating device 
( i i i)        The initial data 

The Bio-Heat Energy Transfer Model 
The temperature rise obtained for the different models: 
(i) a, * 0, a0 * 0 (ii) al * 0, a0 = 0 

(iii) a2 =0.a0 ^ 0 
differs from each other for each of the heating devices. The blood flow parameter, (X2; and the blood 
perfusion parameter a0; both affect the bound on the rise in temperature. The model exhibiting the 
couple effect of the two parameters manifest the lowest maximum temperature rise while the model not 
accounting for the perfusion of the blood exhibit the highest maximum in temperature 
(i.e θ(m) > θ(l) ). 

 
 

The use of the blood perfusion model not accounting for the convective parameter may cause 
hazard within some region. Although the mode! approximates the picture of rise in areas of 
insignificant temperature gradient, this agrees with finding in the literature (see [Foster, Kritikos, 
and Schwan (1978)] and [Kritikos, Foster, and Schwan, (1981)]). 

The model giving the contribution of the convective parameter provides information 
about the maximum temperature rise for locations in the tissue. These models can help in 
achieving the heating of tumours and sparing surrounding the normal tissue. 

The Microwave Heating Device 
For the microwave heating device 

Q,-ah|{n(l-n)}de-mn
}  m>0 

different bounds on temperature rise were obtained under the same 
condition. We noted that the bound on temperature rise decreases with 
increase in d. For this heating source we noted that 

 

 

 



From the above we see that a heating device with d = -1, - l/2 may lead to the damage of healthy 
tissues; while heating device for which d - 4 will not deposit sufficient heat to destroy the tumours. 

The knowledge of the bound on temperature rise helps us to regulate the heating device to 
achieve the desired treatment. 

From our result we can see that at the same condition for or,, o:0, (Xl some of the device can rise 
lo higher temperature bound. 

Initial Data 

It was also observed that bound on temperature rise is dependent on the initial data <90 . The 

dependence increases when / — > Oand decreases as / — >co . Similarly the dependence of 9  (bound 
on temperature) increases as 00 increases for a fixed t. 
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