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Abstract, In thks paper we present a numerical method to determzkne 

thermal effects in biOlOgica tissue ~~~~~0~~ laser irradiation,. 

Tba scattering and absorption of the laser beam have bbeen analysed, 

Results are compared with experimental observations, 

INTdG3LYcTIOK 

Medical applications of lasers have focueed particular interest on 

the interaction Of fnfra red laser 13.&t in biological tissue, Hi& 

intensity light sources are under continual fnvestigation because of 

the ~rn~o~a~~a Of the prr‘oblem fn medicine, Lssers are very convenient 

tools by which the problem can be investigated, For several years, 

lasers h&w been used to operate dema@d retinae, thus preventing 

blindness. Llore recently, lasers have been used by surgeons to cut 

into tissues (carbon dioxide laser scalpel),to stop interns1 hemor- 

rhage 
C 
neodymium: YAG an6 argon lassr phOto0oagufation) and to treat 

tumors, 'I'fiere exist seTera types of lasers used in medicine; the 

mOst ofien met are Argon, Ed: X&2, runbin and c02- Altbo~h the 

cfinical applfcations of lasers are rapiuly multfplying, ft still 

is not clear how the laser exerts its effets. The physical hstero- 

geneity ofbidagicah tissue results in considerable region variation 

in light absorption and scattering, two of the critical processes 

that dsterm$ne the pattern of heating, The effects of this hetero- 

geneity are poorly understood. r'uthermare, the erVfectS of multiple 



scatt.erirq of the incident laser beEm, which play a doslinant rale 

in the case of the neody~~um~ YfhO lases, have not been properly 

token into account in praw~aue works. The thermal eMWit in laser 



169 

At the surface of body the temperature may be prescribed or the 

flow of heat due to convection may be specified or a combination 

W of these conditions may exist.. The reg'ion 8 divided into a number 

of eight noded isoparametric element8 dtL , with quadratic shape 

function Ni aseociated wLth each node; . The upknown function 8 is 

m-ted through the aolution domain at any time t by 

where 3 is the column vector of nodal values 8‘. The substitution 

of expansion (2) into equation(l) and the application of the 

Galerkin method produce the following equation 

The form of the matricee 2, 6 and ,F , together with.a description 

of the temporal discretization of equation (3) and the resulting 

method of solution of the subsequent equations have been described 

by many authors (e.g. comini 

SZutalec, 1984,1985) and will 

Modelling of the phase change 

et al., 1974; Morgan et a1.,1970~ 

not be considered further. 

process 

At this point we preaent general information on computer analysis 

of heat flow with phase change. The readers interested in further 

details of this problem are referred to Comini et al .,(19743, 

Morgan et al., (1978)or SZu2alec(1984,1985~ 

In constructing the solution of a problem involving phase change, 

a possible approach could be to track accurately the position of 

phase boundary and then to solve equation (1). In this paper the 

phase change process is modelled by a variant of the enthalpy 

method. In this method the phase change is assumed to occur over a 

temperature range and the associated latent heat effect is handled 

by increasing suitably the specific heat in thia range. Thus if the 



phm3e change assumed to occur over the temperature interval [&lB~j 

V&here 81 is the ligu%dua temperature, and 8V is the vaporization 

temperature, then the specific heat ~6 used in the calculation 

is defined by 

Cb*CqW(ff'%) U(@- @,)JL./rS@ 
(4) 

where B denotes the Heaviside function, L is the latent heat and 

68*&J-% is the phase change fnterval, %hen th%s method fs 

applied to the analysfs of pure ~~e~~a~a~ in which the g&ass change 

occurs at a speelffc temperature (I.e. B&c 8,) f a phase change 

interval68 WO) must be assumecf. 

It has bocsn demonstrated by Comini et al.@974)and Morean et al., 

(19713) that reasonable results can bo obtained for the problems 

involving conduction, provided that a right choice ia made fox+ the 

value of A0 a For materialst howeveri in which the phase change 

does indeed occur over a reasonable temperatu~ range this problem 

does not arisa an& the aotuaf phydeal valuea of f)~ and & can then 

be used successfully. In our analysis we will consider the tissue 

as a homogeneous structure of thermal properties like water. 

Such an approach is usually met in macroanalysis (sea for instance 

SkuBalec and Muskelski, 1985 ; Kovtun et al,, 1980; Hofstetter and 

Frank, 1980) . 

&baoq.?tion and a&attering ~r#b~s~~ 

ffere we present 3baorptfon and scatteting groblems appear&g in 

biological tissue under the influence of the laser irradiation* 

Let I.(z,d) be the total intendty a9 radiation along the diroctgon 

represented by the unit vector b at the position f inside tha 
c 

tissue, which is produced by a laser beam incident on the 8u~Pace 

of the tissue. !&he change in the intensity due to the combined effect 
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fFig.1 Temperature (alon the front surface , (b)on the rear 
surface of the specimen 

'Fig.2 Finite elenent model of the tissue 

Fig.3 Influence of the coefficient o( on the value of temperature 
in the tissue for 8 = 10, (A) OCS&CA~J-~ , (b) p= s.~~40-5 



The discretization used here is vary simple from the mathematical 

point of view, because equation (5)ie transformed to describe 

the intensity of radiation only in ths nodal points of the finite 

element mesh. 

NUMEHICALANALYSES 

Based on the theoretical formu~st~~~a described above we present 

several results showing the temperature field in bZofogica3. tissue 

under the WfZuence of laser radiation. In the work of Halldorason 

et al.,Q98Xj the temperature measurements in bloodless dog have 

been made in response to the Nd: YAG laser radiation. Yigurs 1 

compares the theoretical and observed temperatures as a function 

of.time when a 2mm thick section of canine stomach is irradiated 

using a power setting of 50 w distributed over a circular area 

of 3mm diameter, Finite element modsl. of the tissue is presented 

in Fig. 2, The time duration of pulse is 4 s+ Both front and back 

surface temperature of the tissue are measured, The initial tempe- 

rature L 36’c, environmental temperature = 3OoC. On the surface of 

the tissue convection boundary conditions are assumed. FuU lines 

denote theoretical temperatures, and dotted lines, measured, The. 

follouing material properties have been used for analysis:cU=QQ8% 

a =&I , c=4,19r~~~~~t5=.'~'~s~' ,k*o~~3~i’f t surface film condue- 

tance 0.25l*f$ - From the works of Anderson and Wrnish,(1981~ 

Eafldorsson et al,, @98$ ffofstetter and ~~~~~0~ Johnston at al. 

(X98$ Bafhaber et al., @77), it implies that the value8 of 

absorption and scattering coefficienta should be determined 

experimantelly for different kinds of tissue, because they vary 

considerably. To the numerical analysis these coefficients have 

been aasumad ta be like in the warks of Anderson and parnish@982$, 
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Fig.4 Influence of the coefficient $ on the temperature 
distribution the tissue for ~48 g,S~lo-' cq) ~'43, (_b) 8' 3 

1 bmn I 
I 

fiig.5 Model of the tissue end the obtained temperatures 
during heating with vaporization. Exposition time 1.78 

0 b 

pig.& Temperature distribution in the tissue undergoing laser 
irradiation. Diameter of the beam 2.5 mm. 
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and Hofstetter and Frank(l980). The values chosen here were taken 

from existing measurements in the literature considering the 

situation similar to the presented in the paper. Figures 3 and 4 

abow the changes of temperatures in the tissue for different values 

of&and? . Figure 5 describes theoretical temperature distribution 

in the tissue assuming its initial temperature .36’c and shows its 

finite element model. The assumed parameters of the process: 

power 4OW, time 423, laser beam diameter 3 mm,~=O.S*40-' , f:AO. 

prom this figure we may determine the range of coagulation 

appearing at the temperature 60'~. we assume here that at 100°C 

the vaporization process occurs. After vaporization the analyzed 

tissue is treated as a void space. Since in the pregented analysis 

we consider the nonlinear heat conduction equation there is no 

difficulty in introducing in the temperature range more than 100°C 

special properties of the tissue.and treating it as a void space. 

The latent heat is equal to 2 slO'k3 La-4 . Figure 6 presents the 

computed results of the temperature distribution in biological 

tissue using the lasers Nd: YAQ and argon. Figure 6 a is for 

the parameters 80 W, 1.5 8 (as for Nd: YAG laser), Fig. 6b for 

8W and 0.31 s es for the argon laser) . 

FINAL REURKS 

In this paper we present a theoretical model to determine the 

temperatures in biological tissue under the influence of laser 

irradiation. We give the examples of analyses and compare them with 

experimental investigations. The model and the results so far are 

valid for tissue that is not perfused by blood. In medicine these 

applications are interesting but rather rare. The presented model 

could be expanded to the situation Of heat flow in the vascular 
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system. The problem is however very complicated. Such an analysis 

will be undertaken in subsequent publications. The method presented 

in the paper may be very useful in determination of parameters of 

laser irradiation. Such an application is aleo very important for 

medical surgery. Because the clinical applications of lasers are 

rapidly multiplying, the problems of thermal and thermo-mechanical 

effects in the tissue are very significant, 
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