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Abstract: The temperature distribution in human head regulate variety of biological mechanism. Human head
is a very complex structure and abnormality in temperature of various layer of human head play important role
for treatment of diseases like tumor, cancer, hyperthermia, hypothermia etc. Here, a finite element model has
been developed to study the temperature distribution of human head with ten layers namely brain, skull, fat-
layer, reticular region, papillary region, stratum germinativum, stratum spinosum, stratum granulosum, stratum
lucidum and stratum corneum in presence of tumor in the reticular region. Appropriate boundary conditions
have been framed and finite element method is used to obtain temperature values in one dimension. A program
is developed on MATLAB for simulation of results. The numerical results have been used to study the effect on
temperature variation in cold environment on normal tissue and in presence of tumor in reticular region of
human head.
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I.  Introduction

The thermal imbalance in human head due to strong heating and extreme cooling causes many
diseases like head trauma, stroke, multiple sclerosis [1]. The cold injury in human body is called frostbite and
the cold exposure is called hypothermia [2]. Hypothermia has therapeutic roles in many clinical conditions like
anoxic brain injury due to cardiac arrest, head trauma and hypoxic ischemic neonatal encephalopathy [3, 4]. The
phenomenon of lowering the temperature of human body core temperature below 35°C is known as
hypothermia [5]. The effect of cold exposure in human body is reflected in terms of decreasing biochemical
reactions, muscle fatigue, increasing blood pressure and bronchoconstriction. The human head is very sensitive
to surrounding temperature [5, 6]. The thermal receptors located in dermis pass the environmental information
to the hypothalamus center in the head. The nervous communication is activated to renew rate of blood supply
and other processes to counter the cold effect [6]. Actually, a small temperature increase in the human head of
3.5°C is noted to be an allowable limit which does not lead to physiological damage [7]. Additionally, it is
reported that a very small temperature increase in the hypothalamus of 0.2-0.3°C leads to altered
thermoregulatory behavior [7]. Hyperthermia has been used in the evaluation of patients suspected of having
tumor, where an abnormal thermal pattern can be detected prior to clinical changes. Hyperthermia tumor
treatment has proven to be an effective method in tumor treatment compare to surgery, chemotherapy and
radiation. In Hyperthermia tumor treatment involves heating a tumor region to 43°C to 45°C [8]. Even though
this temperature is unpleasant for the patient, tumor cells are more susceptible to this temperature range and can
be killed over a period of time. These methods cause minimal damage to the healthy tissue therefore leaving
limited negative side effects in this treatment [8]. Although a high temperature is required in tumor region but
the conditions of "partial body exposure" to intense heating beyond the hyperthermia may cause some serious
thermal damage to human body [9]. Human body tissues have different values of dielectric properties, that is,
permittivity and conductivity [9]. These properties are functions of many variables like frequency, geometry,
size of tissue and water contents [10]. The head is the most important organ of the human body. Human head
control the whole body and any abnormality regarding to thermoregulation processes in it cause improper
functioning not only in brain tissue but also to the rest of the body [2]. The adverse modification in brain tissue
temperature leads in cerebral metabolism, dysfunction of the central nervous and endocrine system [2, 11]. We
propose that one possible way to analyze this is to compute the effect of different body heat transfer mechanisms
on the human brain [12]. The major mechanisms contributing to brain temperature regulation are metabolic heat
production, heat removal by blood flow, heat conductance and heat exchange with the environment. The balance
between these factors defines temperature distribution in the brain. Severely cold environment causes variations
in the regional blood flow and metabolic processes. Thus study of temperature variation in brain is more
interesting at lower atmospheric temperature [8, 13]. In this paper the temperature of human brain is assumed to
be equal to the core temperature of body (37°C) and effects of low atmospheric temperature on tumor are
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studied. Different types of variations of parameters have been considered for different natural subregions such
as skull, fat-layer, reticular region, papillary region, stratum germinativum, stratum spinosum, stratum
graulosum, stratum lucidum and stratum corneum.

II. Mathematical Model
The domain of head is considered as a system consisting of cerebral tissue (brain) with overlaying
layers of skull, fat-layer, reticular region, papillary region, stratum germinativum, stratum spinosum, stratum
granulosum, stratum lucidum and stratum corneum. The distribution of heat in tissues is given by Pennes
equation [12, 13, 14]

pe L VKT D) +6,0,0,(1,~T)+0, n

Here p,cand K are the tissue density, specific heat, and thermal conductivity of tissue, respectively, Cyis the
specific heat of blood, p,is the density of blood, Tis the tissue temperature, TAis the arterial blood

temperature, ¢ is the time, (), is the metabolic heat generation rate per unit volume and @, is the blood

perfusion rate. The outer surface of the skin is exposed to the environment and the heat loss from the outer skin
surface to the environment takes place by conduction, convection, radiation and evaporation. Therefore, the
boundary condition at the outer surface can be written as [2, 6, 13]

—Ka—Tzh(T—Ta)+LE x=1, )

on
Where 7 is the heat transfer coefficient and 77 is the unit direction normal to the surface boundary, T, is the
temperature of the surrounding atmosphere, L is the latent heat of evaporation and E is the rate of sweat
evaporation. The inner brain core temperature 7, is assumed to be 37°C. Therefore, the inner boundary
condition is prescribed as given below
T(x=1,,t)=T, 3)
Where 7, the body core temperature and 110 is the thickness of the human head. Also at the interfaces between

adjoining layers, we have [2]

Ti:THl
and 4@
g _(gor

on ), o/

The equation (4) represents the continuity of temperature and heat flux between different sub domains
of the region under study. It is also assumed that at time ¢ = 0 all layers of the human head having temperature
37°C . Thus, the initial condition is given by

T(x,0)=37"C )

The layer of different parts of the human head is show in the Figure 1. The thickness of stratum corneum,
stratum lucidum, stratum granulosum, stratum spinosum, stratum germinativum, papillary region, reticular

region, fat-layer, skull and brain tissue layers have been considered as [, (I, —1).(;-1).(I,=L),
=1, (=1L). (=1, (—1) . ([, =) and ([, — ) respectively and T;,T;.7,.T,.T,.T., T, . T, ,
I, Tand T}, are the nodal temperatures at a distances x =1/, x=1, x=1,, x=1,, x=1,, x=1,

x=1, x=1, x=1, x=1I, and x=1L,and T for i=1,2,3,456,7,8 9 and10

represents the temperature functions in the layers stratum corneum, stratum lucidum, stratum granulosum,
stratum spinosum, stratum germinativum (basale), papillary region, reticular region, fat-layer, skull and brain
tissue respectively.
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Figure 1. Ten Layer Model of Human Head with Tumor in the Reticular Region

The discretized variational form of equation (1) to (4) can be written as follows:
1

1" oT'Y oT
19 =— K| =—| +M(T,-T)"-20.T +
2] (6xj (T, =T)"=20,T + pc—

2

dx

l<971)(€) (6)
+ “2 {h(T =T,)* +2LET”} fore=1,2,...10.

Here M = ¢, p,®, , ¢ denotes the element number and ,u(e) =1for e=1 i.e., the elements near the outer surface

and U ) = 0 for other elements. The following linear shape function for variation of temperature within each
element has been taken as:

T = +cx ™)

Where Cl(e) and Cée) are constant for the ¢™ element. The equation (7) can be rewritten as

T = pc® 8)
where
p' =0l x] 9)
and
[T =l &7 (10)
Substituting nodal conditions in equation (7), we get
=) e e
T =pP9%* (11
where
—(e) T; (e) 1 xi
7 = and P = (12)
T L x
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From the equation (10), we have
O = g7
where
R = ple-l
o (e) . .
Substituting € ‘ from equation (12) in (7), we get
—(e)
T = pTR(e)T
Now the integral 19 can be written in the form
1(6) — [l(e) +I]E€) +I,(ne) _]S(e) _l//(e)[;e)

where

o 1t ey ]
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(e)
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(13)

(14)

(15)

(16)

(17

(18)

(19)

(20)

e2))

Here l//(e) =1 for e=1, represents the locations/elements of the element near to outer surface of skin and

l//(e) =0 for other elements. The integrals / ) are evaluated and assembled to obtain / as:

0,
I:ZM( )[(e)M( )T

(22)
e=1
Now we extremize I w.r.t. each nodal temperature value 7, as given below
dl & — dI') —er
—_— = ZM —_(e) M (23)
2 f— dT
where
0 0] - T -
T,
—@© |1 0 —
M = , T = (24)
0
_O 0_11><2 _T10_11x1
and
e ddr® dr? 4l ode . dlY
A = = R R =C = (25)
dT 'dT dT  dT ~ dT dT
This leads to a following system of ordinary differential equation.
[M]“x“ [T + K [T1=1F] 1 (26)
DOI: 10.9790/5728-11434350 www.iosrjournals.org 46| Page



Finite Element Model to Study the Thermal Effect of Tumor in Human Head

Here, T=[1, T, T, ..... 1, ]T , M and K are system matrices, and F is system vector. The Crank-Nicolson

Method is employed to solve the system of equations (26). The time step is taken as 0.001 sec. A computer
program in MATLAB 7.11 is developed to find numerical solution to the entire problem.

III.  Result And Discussion
In this section, we have shown the numerical results for temperature profile against different
biophysical parameters which have been obtained using values of parameters given in Table 1 unless stated

along with figures. The constant /,(i = 0(1)10) can be assigned any value depending upon particular sample of

tissue layers under study. The result are computed for the following sample of values of /, for different layers in
mm from the outer surface of the skin of human head to the core of the brain[16,17,18,]

I,=0, [ =002 L=004 L=006, [,=008 L=02, [=12 L=22 =52 [=102 I,=882

Table 1 Thermo-physical parameters|2,6,13,14,15, 19,20,21,22,23,24]

Parameter Symbol Value Unit

Thermal conductivity of normal | K 0.2 Wm 'K

tissue

Density of blood 1000 Kgm®
P

Specific heat blood Ch 4186 Jkg'K!

Blood perfusion rate in normal W 3 sT

tissue 54x10

Arterial blood temperature Ta 310.15 K

Specific heat of normal tissue C 3600 Jkg' K

Density of normal tissue 3 1200 Kgm?

Thermal conductivity in tumor Kumor 0.5 Wm'K!

region

Density of tumor region 1050 Kgm?
ptu”lo"

Specific heat in tumor region Coumor 3600 Jkg'K!

Blood perfusion rate in tumor Woumor -3 5T

region 6x10

Metabolism Qum 700 Wm»

Heat transfer coefficient H 10 Wm~K'

Q

Tempreature T(C)

0 100 200 300 460 500 600
Time(Minutes)

Figure 2. Temperature Distribution in Human Head for 10°C atmospheric temperature when tumor is not
present in Reticular Region

Figure 2 shows the temporal temperature distribution at different nodal position in human head for
10°C external environment temperature. The temperature curves indicate that the temperature at the nodal
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position Tjy have higher values than temperature at the nodal position T,. This indicates that at 10°C external
environment temperature the neighboring region of brain core maintains higher temperature as compared to the
neighboring region of external surface.
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Figure 3. Temperature Distribution in Human Head for 14°C atmospheric temperature when tumor is not

present in Reticular Region

Figure 3 shows the temporal temperature distribution at different nodal position in human head for
14°C external environment temperature. Comparing Figure 3 with Figure 2, we observe that the temperature
increase at all nodes as the external environment temperature increases.
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3
Node position from TO(Ieft) to Tg(Right)

Figure 4. Steady State Nodal Temperature Distribution for two different atmospheric temperature 10°C
(Black) and 14°C(Magenta) when tumor is not present at the reticular region

Figure 4 shows the temperature distribution in space for two different values of atmospheric
temperature. In figure 4, we observed that the temperature falls down gradually from node Ty (33°C) to node Ts
(24°C) and then shows a sharp fall from node Ts (24°C) to T, (19.5°C) and then finally achieves 14°C at node T,
on curve for atmospheric temperature 14°C. Similar behavior is observed on the curve for atmospheric

temperature 10°C.
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Figure 5. Steady State Nodal Temperature Distribution at atmospheric temperature 1 4°C when tumor is
present at the reticular region (Black) and when tumor is not present in the reticular region (Magenta)
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Figure 6. Temporal Temperature Distribution in presence (dotted lines) and absence (Continuous Line) of
Tumor in Reticular Region at four different Nodal positions

From Figure 5 and Figure 6, an elevation in temperature profiles (broken lines) is observed towards the
reticular region layer due to the presence of tumor in the reticular region. This elevation is very small in the
brain and skull layer but increases as we move towards the tumor in the reticular region. The elevation in
temperature profiles is more in the reticular region, papillary region and stratum germinativum layer as
compared to that in the fat, skull and brain layer. The results agree with the physiological facts like those
reported by other researchers [2 6 13]. The variationin theslope of the curves within the limits
of maximum thermal disturbances enables us to determine the position and size of the tumor.

IV.  Conclusion

The mathematical model study the effect of local hypothermic stress on normal and tumor tissues in
different layers of human head using bioheat equation. The approach is seminumerical in nature for temperature
distribution in different layers of human head for one-dimensional unsteady-state case. Our model gives better
profiles for temperature distribution in brain, skull, fat-layer, reticular region, papillary region, stratum
germinativum, stratum spinosum, stratum granulosum, stratum lucidum and stratum corneum. From the present
study, information from temperature profiles of normal and tumor tissues can be used to predict the position and
size of tumors. Such models can be useful for biomedical scientists to understand the relationship between
temperature profiles at different clinical situation.
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