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Research on the One-dimensional Rule of Instantaneous Temperature in
Biological Tissue Caused By Laser Thermal Effect

TIAN Xiao-ming
Department of Physics Guangdong Medical College Zhanjiang 524023
Abstract  One-dimensional analytical expression of the instantaneous temperature in biological tissue under laser

irradiation without considering the bloodstream cooling is derived. The temperature in biological tissue increases in

exponent with time and decreases in exponent with the distance from laser irradiating area.

Key words laser heat action biological tissue without blood cooling the rule of instantaneous temperature in time-space

310

34
67

2001-04-10 2001-07-24
1957.5—

E-mail
gdmewl@gdmec. edu. cn



29

566
> 8 Vet =Xz Y1t
H x = alge ™ 6
a " XYt —9X x Y,/ =0
I() X = 0
X’m‘// Yt/ 71
X x AY ¢t
H x
1 x t
l67
PT 19T _ Hx P
21_/1(1 - K X, Xz =0 9
r>01:>0 1 YZ/—Z/\YIZO 10
7 Vatl,m=0
Tzt |, o0=0 2 Xz l,00=0 [>0[=0[<
T x t ‘t,() =0 0
T 17>0
37C x> o 9
37C T A K Xz =Ae’t "+ Bl
t Xz l,00=0 B =0
Txt =V xt +Wx 10
Vatl, =0 W 2 |, = Y ¢t = C; ™
0 2 V1>0 x t :X xX Y t -
Vatl,g=—W=x 3 Agelir. o
D, e lta.
azT . 7 . 7 7”7 1
(721: TII - Vlll‘ + WlI 271 =0
d , , 9 X, =0
dt X X = A21‘ + B2
1 X2 |,00=0 A, =0
er/, + Wrx/, - LVZ/ = - LIO X 10 Yf/ =0
A K Y ¢+ = C2
V1>0 x i :X X Y t =
V:T]f/ - %Vt/ == Wl‘l‘” ﬂei/l\r B2. C2 - D2
_ o
Tt . 371<0 [ =-p
7 9 X, +pX = =0
J aly X x = Ajssinfr + Bjcosfr
) W' + e =0 4 10 Y+ AY ¢ =0
[ W x ‘1‘»00 = 0 5 Y t = C3€7A‘82t
V[<(] x t — X X - Y t —
( /7 1 7’ 2 7’ 4
J Vi — ?Vz =0 6 e ¥ Ay sinBr + Bj cosfr
[ vieilm=o0 ; A = Gy As BY = Gy By
5 4 67
aIO Vatr = ‘/[>() x t + ‘/[:() x t + ‘/[<0 x t
W xr =- se "+ Cy 8
7 11
67 3 Txt =V 2ot +W 2



567

VIt|z:0:—Wx
8 11

Ay =By =0 L<0
D]:aIU K/lz D2:0
[>0 [<0
W x
T z ¢ :%emﬂfl
7
T x t I -3 12
1
1
K
K- AT38~10 1
aT
pcat:Hx
oc=K 2 p ¢
3
T x t :alot o
oc
t =71ty =r ’1/"2 r
1
T x t 7010Vef,a
Ky
12
r /1;12 12
aIO —px r
T x ¢t :K/xz -1
e —1
SN
6—1*7—'—2 3
i -1 ~r
aIOr —px
T x ¢ :K/lz !
13
1 12
CO, 0.05 mm
13

12

12

12
x =0
1
12
310
o L
0 A#Z
12
12
1 15 G t
0.1 1 LS 01
S 0.01
10%
0.25~0.83x10 ?ml g s
4~1.2 s
2
3
3
C02 15
o, . P 200
cm K =8.83x10 3 W em C
A =1.76x10 % em? s b
=50 W cm? C = I
37°C T = 0 T =
0.1 mm T +37C
| t =16.64 ms
X
CO,
1289
Bargeror ! CO;,



568

29

T +37C x =9, Imm

* =0lmm
1000
80k
5O normal body
40 temperature 37°C
20 s s . "
a 1¢ 20 30 40
t/ms
1 = T +37C
Fig.1 Relation between temperature = temperature

rise T +37C and time I, =50 W cm?

T +37°C
100 time 1 =16, 64ms
a0 § ¢ !
60f & &
gz
40'-_5 " - -
20k = normal body temperature 37°C 2
[ s 1 1
0. 601 0.01 0.1 1
z fmm
2 = T+37C 3
Fig.2 Relation between temperature = temperature
rises T +37C and the distance I, =50 W cm?
10 pm 400 pm 4
CO, 0.1s 22 W cm?
45C =
9 o o 5
82C 4.5C =41.5TC
12 22 W em?

26 ms 53.4C = 0
90.4C 400 pm 0.022C =
37.022C 1

7
T
2
8
3
X = 0 Io

12 10

I()

12

Liu Puhe Liu Guogang. Biology Mechanism for Laser
Effect M . Beijing The Publishing House of Science
1989. 133~149 in Chinese
Li Xijing Hu Guilin Hou Yu et al.. Estimation of
thermal damage depths caused by continuous wave CO,
laser irradiation in biological tissues J . Chin. J. Laser
Med . Surg. 2000 10 1 13~
16 in Chinese
Tian Xiaoming Chen Wugao. The research on the
theoretical models and calculation of vaporizing and heat-
killing therapy of cancer with laser ] . Laser Journal
1998 19 2 51~57 in Chinese
Tian Xiaoming. Research on the method of extending the
vaporizing area in theoretical models of vaporizing and
heat-killing therapy of cancer with laser ] . Laser
Jowrnal 1999 20 1 55—~57 in Chinese
Chen Wugao. The Therapy of Cancers M . Wuhan
The Publishing House of Central China Normal Univ.
1993. 33~110 in Chinese
The Maths Department of Fudan Univ. FEd.. The
Equations of Math’ s-physics M . Shanghai The
Shanghai Publishing House of Science and Technology
1960. 1~63 in Chinese
The Maths Department of Nanking Industrial Institutes.
Ed.. The Equations of Math” s-physics and Special
Functions M . Beijing The Publishing House of People
Education 1978. 8 ~60 in Chinese
Markolf H. Niemz Ed.. Springer-Verlag Berlin
Heidelberg 1996. Zhang Zhenxi Jiang Dazong Trans. .
Laser-Tissue Interactions Fundamentals and Applications
M . Xi' an The Publishing House of the Traffic
Engineering Univ. of Xi' an 1999. 57~75 in Chinese
M. L. Wolbarsht Ed.. Plenum Press Vol.2 1974 Vol.
3 1977. Liu Puhe Li Shutian Xu Songlin et a/. Trans. .
Laser Applications in Medicine and Biology M . Beijing
The Publishing House of Science 1983. 6 ~ 10 in
Chinese
Tian Xiaoming Chen Wugao. Research on theoretical
model and calculation of heat-killing therapy of cancer with
CW laser J . Laser & Optronics Progress
1997 8 32~38 in Chinese



