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Tom tat

Téc nhan nhiét hién nay 1a phuong phap dugc st dung phd bién trong vt 1y tri liéu dé diéu
tri giam dau théng qua co ché ting cuong tuan hoan, gidn co, thay doi toc d6 dan truyén
than kinh. Muc tiéu ctia nghién ciru nhim mo phong va phan tich anh hudng cua tac nhan
nhiét 1én co thé nguoi dya trén mo hinh truyén nhiét sinh hoc, qua dé lam rd vai tro cua thoi
gian tac dong va dic tinh cac 16p md dbi véi qua trinh lan truyén nhiét. Phuong phap nghién
ctru duoc thyc hién bang mé phong sd, sir dung phuong trinh nhiét sinh hoc Pennes két hop
v6i phan mém QuickField trong md hinh d6i ximg truc gdm ba 16p mé sinh hoc: da, md va
co. Két qua md phong cho thiy nhiét d6 lan truyén vao bén trong co thé phu thudc vao thoi
gian tic dong, d6 day cua cac 16p md, tinh chét 1y hoa ciia méd song. Nhiét chi yéu duogc
hap thy tai 16p da va 16p md, trong khi mirc tang nhiét tai 16p co thay doi dang ké gitra cac
viing co thé. Nghién ctru nay cung cap co sé dinh luong cho viée Iua chon thoi gian va mic
nhiét tac dong phu hop véi timg viing mé cu thé, gop phan hd tro tdi wu hoa sir dung cac
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Tac nhan nhiét;
dicu tri giam dau;

mo hinh truyén nhiét.

thiét bi nhiét tri liéu trong thuc hanh 1am sang.
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1 it van dé

Nhiét trj liéu 1a phuong phap duoc sir dung phd bién
trong vat 1y tri liéu dé giam dau, ting cudng tudn hoan
mau toi ving mo can diéu tri. Phuong phap nay c6 thé
duoc sir dung doc 1ap hoic két hop véi cac phuong phap
khac nhu kéo gidn, dién xung, laser cong sut thip, siéu
4m xung dé tang hiéu qua diéu tri. Voi myc dich lam
noéng ving mo can diéu tri, co hai phuong phap co ban
1a tang nhiét truc tiép (dén hong ngoai, dap paraphin, tim
nhiét,...) va gian tiép (siéu am, song ngin, vi song,...).
Céc phuong phép tang nhiét truc tiép chii yéu 1am nong
ving md gan bé mit, cac hidu umg kich thich sinh hoc
xdy ra khi nhiét d6 mo6 dugc tang 1én trong khoang (38-
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45) °C. Nhiét do trén 45 ‘C c6 thé gay bong, lam bién
tinh cac enzym, gy nén cac ton thuong khong phuc hoi
duge. Cac yéu té anh hudng truc tiép toi két qua diéu tri
1a nhiét 4o, thoi gian tac dung, tinh chit ciia ving mé tac
dung. Trong 1am sang, viéc sir dung liéu lugng diéu tri
tang nhiét truc tiép 1én ving mo ciia co thé mai chi dua
trén kinh nghiém cta bac si va cac thong sb cai dit sin
trén thiét bi, chua c6 nghién ctru nao tai Viét Nam xac
dinh d¢ sau tac dung cta nhiét d6 voi cac vung mo va
thoi gian diéu tri khac nhau.

Nhiéu phuong phap nghién ciru da duge phét trién trén
thé giéi dé xem xét qua trinh twong tic cia tac nhan
nhiét di voi mé song. Trong dé, phuong trinh Pennes
dugc gioi thiéu vao nam 1948 [1] duoc nhiéu nha
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nghién ctru st dung dé phén tich anh hudng ciia nhiét
d6 dbi voi mé song. Tuy nhién, phuong trinh nay chi
st dung dugc voi lop mo duoc gia dinh 1a déng nhét,
khong c6 sy phan biét vé tinh chét gitra cac 16p mo khac
nhau. Hién nay, mot s6 phan mém mé phong da duoc
xdy dung dé khao sat twong tac ctia nhiét voi co thé dyua
trén phuong trinh Pennes, co thé thuc hién duoc dbi véi
cac 16p mo khac nhau, nhu phin mém Comsol
Multiphysics [2], QuickField [3], ANSYS [4]. Nghién
ctru [4] d3 str dung phadn mém ASYS phién ban 14.0,
dwra trén phuong trinh Pennes dé du doan mirc d6 thoai
mai cua da nguoi khi chiu tac dong cua nhiét. Cac
nghién cttu [5, 6] st dung phdn mém Comsol dé mo
hinh héa qua trinh phan bd nhiét trong mé vi clia nguoi
trong hd tro chan doan ung thu vi. Nghién ctru [2] sir
dung phan mém Comsol dé khao sat sy phan bd cia
nhié¢t vao bén trong mo6 dudi tdc dung cuia cac phuong
phap khéc nhau 14 nhiét hong ngoai va vi song. Phuong
trinh Pennes ciing duoc st dung trong viéc tinh toan sy
phan bd nhiét d6 trong co thé khi c6 khdi mé ung thu
bang mo hinh 2D [7], va phuong phap sai phan hiru han
dé so sanh su thay ddi nhiét do trong md thuong va mo
ung thu [8]. Nghién ctru [2] da trinh bay phuong phap
tinh toan qua trinh truyén nhiét trong da st dung mo
hinh mét 16p va nhiéu 16p bang phan mém Quickfield.
Mic du c¢6 nhiéu nghién ctru sit dung phuong trinh
Pennes dé khao sat cac qua trinh lan truyén nhiét bén
trong md sinh hoc trong cac diéu kién khac nhau, tuy
nhién, chua c6 nghién ctru khao sat su truyén nhiét &
céc loai md khac nhau trong co thé va cac do day khac
nhau. Nghién ctru nay thuc hién khao sat qua trinh lan
truyén nhiét bén trong mé co thé voi cac khoang thoi
gian khéc nhau va céc ving mo tac dong khéac nhau st
dung phan mém QuickField.
2 Xay dung m6 hinh md phéng
2.1 Phuong trinh nhiét sinh hoc Pennes
Nim 1948, Pennes da cong bd cong trinh nghién ctru
mo ta co ché truyén nhiét trong cac md sinh hoc bang
phuong trinh dao ham riéng nhiét sinh hoc nhu sau [1]:
pepar + V.(~k . VT) = prcwas (To = T)+ Quee (1)
V6i p 1a mat d6 cua mo [kg/m?], ¢, 12 nhiét dung riéng
cua mo [J/kgK], T 1a nhi¢t d§ cua mo [K], VT Ia

gradient nhiét do, k 1a hé $6 truyén nhiét cua mo
[W/m.K], py 1a mat dd cuia mau [kg/m?], ¢y 1a nhiét dung
riéng ctia mau [J/kg.K], o 12 téc d6 tudi mau cua mod
[1/s], Ty 12 nhiét d6 ctua dong méu [K], Qume 14 tbc do
chuyén hoa ning lugng nhiét bén trong mé [W/m?].
Phuong trinh nhiét sinh hoc gém 4 dai lugng dac trung
cho cac qua trinh luu trit nhiét, dan truyén nhiét, dbi luu
va chuyén hoa ning lugng nhiét.
2.2 Mb hinh déi xtng truc cia 16p mé sinh hoc
L&p mé sinh hoc ¢6 thé duoc mo hinh hoéa thanh 3 ving
mo khac nhau trong hé toa do try: 16p da, 16p mad, 16p co.
0.1
Lép co

Lép m&
0.05 - “

Lép da

0.04

z(m)

-

023 -0.01
y(m)

Hinh 1 M0 hinh hé toa d¢ tru ciia 16p mo sinh hoc

x (m)

Do tinh chit d6i xtg, mot mit cat doc theo truc c6 thé
duge str dung dé phan tich va bai toan duoc rat gon

thanh m6 hinh 2D trong mit phang Orz.
f;

(0]

Hinh 2 M0 hinh mit cit ctia 16p mo sinh hoc
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Trong hé toa d6 tru véi trudng hop ddi xtmg truc, phuong trinh Pennes dugc viét dudi dang [3]:

e = (1 20T O
p a ar? ror

+ @) + @p ppCp (Tp — T) + Quet @)

Tinh chat ctia cac 16p mé sinh hoc dugc trinh bay trong Bang 1.

Bang 1 Cac tham s vat Iy cia cac 16p mo sinh hoc [2]

Tham s Lép co{Lép mé| Lop da

Do dan nhiét [W/mK] |05 |025 |032

Nhiét dung riéng [kl/kg K] | 3,72 | 3,1 3,45

Mat do [kg/m’] 1041 | 928 1100
Téc d chuyén hoa nang | 684 | 58 368
lwong nhiét [W/m?]

Céc tham s cua dong mau 1a [2]:
cb = 3,8 [k)/kg.K], pp = 1050 [kg/m?], @, = 1,05.107 [1/s]

Trong md hinh duogc khao sat, chi xem xét t6i dong
chay ctia mau & 16p da.

Diéu kién bién: nhiét d6 tai bé mat tiép xtic ngoai ciing
ctia 16p da dugc thiét 1ap c¢b dinh bang nhiét do cia tac
nhan nhiét 1a 45 °C trong sudt qua trinh mo phong.
Diéu kién ban dau: tai thoi diém 7= 0, nhiét do cta toan
bd cac 16p trong md hinh dugc thiét 1ap dong nhat 1a
37 °C.

Mo hinh duoc xay dung véi cac gia thiét:

- Cac 16p mo6 (da, md, co) 1a ddng nhit va dang hudéng
v& tinh chit nhiét.

- Khong xét dén su thay doi tinh chét vat 1y theo nhiét
do.

- Dong mau chi duoc xét ¢ 16p da, cac 1op khac bo qua
tudi mau.

- Khong xét dén bay hoi, btic xa nhi¢t hodc trao doi
nhiét véi moi trudng ngoai.

3 Két qua va thao luan

Qua trinh md phong dwoc thuc hién trén phﬁn mém
QuickField 6.6 Student [9]. Tién hanh khao st su lan
truyén cua nhi¢t d0 vao bén trong mo ddi véi cac
khoéang thoi gian khac nhau (5, 10 va 15) phtt va trén
3 vung md khac nhau (ving canh tay, vung lung va
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vung gbi). Do day cua cac 16p mé khac nhau duoc cho
trong Bang 2.

Bang 2 Do day cia cac 10p mo khac nhau & mét s6
vung trén co thé [10]

Lép mé Ving Ving Vung gbi
canh tay lung
Da [mm] 3 3 2
Mo [mm] | 25 10 9
Co [mm] 16,4 10 7

3.1 Khao sat sy lan truyén cua nhiét do vdi cac
khoang thoi gian khac nhau

Mo phong dugc thuc hién trén vung mo cénh tay, véi
céc khoang thoi gian 5 phut, 10 phit va 15 phat. Két
qua duoc thé hién trén Hinh 3, Hinh 4 va Hinh 5.

Tarperature

Hinh 3 Biéu d6 va d6 thi biéu dién sy lan truyén
nhiét d§ vao bén trong mo sau 5 phut
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Temperature (C)

sl
43
4z

L

Hinh 4 Biéu d6 va d6 thi biéu dién sy lan truyén
nhi¢t do vao bén trong md sau 10 phit

Theo két qua mo phong trén Hinh 3, Hinh 4, va Hinh 5,
qué trinh lan truyén nhiét d6 vao bén trong mé co thé
phu thudc vao khoang thoi gian tac dung, thoi gian cang
1au thi cang lam cho nhiét d6 ¢ cac 16p mo phia sau bén
trong co thé néng 1én. P thi biéu dién duong cong
nhiét do - khoang céach cho théy nhiét d6 gidm nhanh
khi lan truyén qua 16p da va 16p m&. Véi thoi gian diéu
tri ngén (5 phat, 10 phut), dudng cong dbc hon, biéu thi
tdc d6 suy giam nhiét nhanh hon. Thoi gian diéu tri dai
hon (15 phut), nhiét 4o phan bd déu hon theo d9 sau

Temperature (°C)
45 - T

o 2 4 B ] 10 12 14 1E 12 20 2 24
L {mm)

Hinh 6 D thi biéu dién sy lan truyén nhiét do vao
bén trong md vung lung sau 15 phut

Temparature (3C)
R ! ! ! !

43

F ] e RIeTE LTI PRI CRCRE

41 R S S

40

-] PR R N A

k]

— & t .
ki
1} 0 20 30 a0
L (mem)

Hinh 5 Biéu d6 va d0 thi biéu dién sy lan truyén
nhiét d6 vao bén trong mo sau 15 phut

clia m, toc do suy giam nhiét theo chiéu day mé cang
giam, kha ning truyén nhiét vao cac 16p mo sau cang
tang. D9 sau 16p mo cé nhiét do tang 1én 1 °C trong thoi
gian (5, 10, va 15) phut twong ung la (11, 15, va 20)
mm.

3.2 Khao sat su lan truyén ciia nhiét do dbi voi cac ving
khac nhau cta co thé

Mo phong dugce thyc hién trén cac 16p mo ving canh
tay, ving lung, viing gbi sau 15 phut. Két qua dugc biéu
dién trén Hinh 5, Hinh 6 va Hinh 7.

Temperature (°C)
15

i

T TP A U U S O O R RO A T O
001 2 3 4 5 B 7 B 9 101 1213 14 15 18 17 18 19
L {mm}

Hinh 7 D thj biéu dién sy lan truyén nhiét do vao
bén trong mé vung gdi sau 15 phit
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Dua trén két qua mo phong trén Hinh 5, Hinh 6 va Hinh 4 Két luan
7, két qua cho thdy sy phan bd nhiét d6 & bén trong cac . e e
) d o Y st p R .. & N Viéc nghién ctru qua trinh twong tac gitra nhiét do voi
vung mo khac nhau c6 su thay doi. O ving goi, nhiét . 2 . \ PR , .
o A AT , mo co thé dem lai co s khoa hoc dé diéu chinh thoi
dd cta 16p mod co bén trong tang 1én toi thiéu khoang

. . , ian, nhiét do tac dong sao cho dat hiéu qua diéu tri cao
2,5 "C. O vung lung, nhiét do ctia 16p mo co bén trong 8 o e athend )

nhét. Trén co s& phuong trinh nhiét sinh hoc Pennes va

tang 1én t6i thiéu trén 1 ‘C. O ving canh tay, nhigt do s 3 o : :
ang “ehl tol thicu tren ving caii tay, et €0 phan mém mo phdng QuickField, bai bao da thuc hién

cua 1op mo co bén trong khong duoc tang 1én. Su khac . 1 , s A nt an
Op_ o fg ) g aue ] g P mo phong so sanh qua trinh lan truyén cia nhiét do vao
nhau gitra cac vung mé khéac nhau cua co thé chu yéu

. o bén trong md d6i vai cac khoang thoi gian tac don
do do day ciia 16p da va 16p md, nhiét do chi yéu duoc 8 & Hot & ne

. s . khac nhau va cac ving mé khéac nhau cia co thé. Két
phan bo 6 2 16p nay. O vang goi, do ¢6 16p da va 16p g

, ua cho thiy thoi gian diéu trj cang 1au, nhiét do can
m& mong, duong cong nhiét d¢ — khoang cach co do d Y 8 Heang o g

\ _ . i lan truyén vao siu bén trong co thé. Nhiét do chu yéu
dée nho hon & 16p md va 16p co, cho thdy nhiét duoc y g - oy

A duoc hip thu & 16p da va 16p m& bén ngoai, do do, d6i
truyén nhanh hon vao sau bén trong mé. Khi do day cua ; p thy ¢ 1op op g

v6i cac vung mo c6 su khac nhau vé d6 day cua 16p da

16p da va md tang lén ¢ vung lung va canh tay, duon e A A LAl A A 1A N
°p & . Y 8w 16p m&, sy phan bo nhiét 46 vao bén trong mo cling

cong nhiét dd — khoang cach c6 d6 dbc 16n & 16p md, o Lz )
B gA A Ag R p ) khac nhau. Nghién clru dé xuat trong thyc hanh lam
toc dg truyén nhiét cham lai va chu yéu tac ddng ¢ cac

I N sang, can xem xét diéu chinh thoi gian va mirc nhiét tac
md phia bén ngoai.

ddng cua cac thiét bi nhiét tri liéu theo tung vung co thé

Két qua cua bai bao phii hop vdi cac nghién ciru co st : ) N
d P °p & cu the, thay vi 4p dung mot cheé d6 diéu tri chung cho

dung phuong trinh Pennes [2, 3], nhiét d6 chu yéu ta P e g .
j g? ] & L [7 v] N y‘ :p tat ca cac vi tri. Vi vung di€u tri c6 16p md dudi da
trung ¢ 16p da va 16p md, kha nang truyén nhiét vao 16p

R L L, R day thi can ting thoi gian diéu tri lau hon so véi ving
md co phu thudc vao do day cua ving mo tac dong.

c6 1op md dudi da mong.

Loi cam on
Chung t6i xin cam on Truong Pai hoc Nguyén Tat Thanh, Thanh phdé Ho Chi Minh da hd trg cho nghién ciru nay.

Tai liéu tham khao

1. Pennes, H.H. (1948). Analysis of tissue and arterial blood temperatures in the resting human forearm. Journal
of Applied Physiology. 1(2), pp.93-122. 10.1152/jappl.1998.85.1.5.

2. J.Kocbach et.al. (2011). A simulation approach to optimizing performance of equipment for thermostimulation
of muscle tissue using Comsol multiphysics. Biophysics & Boeng Letters — Vol 4 (2), pp.9-33.
https://www.researchgate.net/publication/264840070.

3. Florin Filipoiu et.al. (2010). Computer-aided analysis of the heat transfer in skin tissue. Proceedings of the 3rd
WSEAS Int. Conference on Finite Differences-Finite Elements-Finite Volumes — Boundary Elements, pp.53-59.
https://www.researchgate.net/publication/342114537.

4. Zaina Norhallis Zainol et.al (2019). Heat transfer model to predict human skin temperature under comfort level
by using bioheat equation. International Journal of Online and Biomedical Engineering (iJOE), pp 52-64.
https://doi.org/10.3991/ijoe.v15i110.10876.

@ Dai hoc Nguyén T4t Thanh

g™,
A~



Tap chi Khoa hoc & Cong nghé Vol 9, No 5

5. Balusu, K. et.al (2014). Modelling bio-heat transfer in breast cysts using finite element analysis. In Informatics,
Electronics & Vision (ICIEV), 2014 International Conference, pp 1-4. IEEE. https://www.academia.edu/
8550932/Modelling_Bio_heat Transfer in_Breast Cysts Using Finite Element Analysis.

6. Himanshu Madhukar Patil, Ranjith Maniyeri (2019). Finite difference method based analysis of bio-heat transfer
in human breast cyst. Thermal Science and Engineering Progress. https://doi.org/10.1016/j.tsep.2019.01.009.

7. Khalid, N., Khanday, M. A., & Ganie, B. A. (2017). 2D model on heat regulation in human body with dermal
tumour. International conference on Applications of Mathematics to Non-linear Sciences, Electronic Journal of
Differential equations, conference 24, pp. 75-83: URL:http://ejde.txstate.edu.

8. Aijjaz A. Najar et.al (2020). Mathermatical study of heat transport in human dermal regions under normal and
tumour codition. Journal of Scientific Research, Volume 64, issue 2, pp 216-220.
https://bhu.ac.in/Images/files/31.pdf.

9. QuickField program Version 6.6. Year 2021. User’s guide. Tera Analysis.Co.
https://www.quickfield.info/downloads/quickfield manual.pdf.

10. Trinh Tran Hong Duyen, Tran Anh Tu. (2020). Simulating Low-Level Laser Propagation From Skin Surface
to Lumbar Dics, Knee, Femur and Prostate Gland By Monte Carlo Method. American Scientific Research
Journal for Engineering, Technology, and Sciences (ASRJETS), Volume 67, No.I, pp 17-24.
https://www.researchgate.net/publication/340619549.

Simulation of The Effects of Thermal Agents on The Human Body Based on
a Heat Transfer Model

Do Khoa Binh

Faculty of Medicine, Nguyen Tat Thanh University, Ho Chi Minh City, Viet Nam
dkbinh@ntt.edu.vn

Abstract Currently, thermal agents have been widely used in physiotherapy for pain management through several
mechanisms such as enhanced blood circulation, muscle relaxation, and modulation of nerve conduction velocity.
The objective of this study is to simulate and analyze the effects of thermal agents on the human body based on a
bioheat transfer model, thereby clarifying the roles of exposure duration and tissue layer characteristics in the heat
propagation process. The research methodology was based on numerical simulation, employing Pennes bioheat
equation in combination with QuickField software within an axisymmetric model consisting of three biological
tissue layers: skin, fat, and muscle. The simulation results indicated that heat propagation into the body depended
on exposure time, the thickness of tissue layers, and physicochemical properties of biological tissues. Heat is
primarily absorbed in the skin and fat layers, while the temperature increase in the muscle layer varies significantly
across different anatomical regions. This study provided a quantitative basis for selecting appropriate heating
duration and temperature levels for specific tissue regions, thereby contributing to the optimization of thermal
therapy device usage in clinical practice.

Keywords Thermal agents; Pain management; Bioheat transfer model.
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