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Tom tat: 

Bdo cdo trinh bdy cdc kit qud md phdng sit phdn bd cita dnh sdng huynh 
quang bin trong vd trin bi mdt md nghiin cuu dua tren phuang phdp Monte-
Carlo. Bdi todn md phdng dugc tinh todn bdng phdn mim Madab vdi mdt chiim 
lade kich thich dgng Gaussian cho mdt mdi trudng hiiu hgn. Sit phdn xg vgg trong 
ciia cdcpho-ton huynh quang tgi biin mdi trudng ciing dd dugc thdo ludn. Cdc he 
sd tdn xg, hdp thu thuc cita^ mdi trudng chdt xdm vd chdt trdng trong md ndo dd 
dugc su dung nhu thdng sd ddu vdo. Cdc kit qud nhdn dugc tuang ddi phu hgp 
vdi cdc nghien ciru dd dugc cdng bd. 

Abstract: 

This report presents the modeling simulation results of tissue fluorescence 
distribution from inside and on surface of tissue using Monte-Carlo method. The 
Madab software for a Gaussian shape laser beam and finite medium was used for 
calculation. The internal refection of fluorescent photon at tissue boundaries was 
discussed. The absorption and scattering factors of the white and grey materials 
of brain were used as input parameters. The resuhs are relatively reasonable 
agrees with published works. 

1. Mff dau 

Viec sir dung laser nhu mot cong cu trong y hpc dang ngay cang dugc phat triln rgng 
rai. Ben canh cac img dung laser dieu tri, viec phat trien quang hgc chin doan dang la mot 
djnh huong dugc nhieu phong thi nghiem quan tam. Mot un dilm quan trpng ciia phuang 
phap chan doan nay la su chieu sang khong lam thay doi ciu tnic cirng nhu la ban chit ciia 
cac mo sinh hpc dang nghien cuu. Sir tuong tac ciia laser voi cac mo sinh hpc hoac gay nen 
cac hieu ung quang nhiet (lam tang nhiet dp), hoac kich thich phat xa huynh quang (chuyin 
muc nang lugng ciia phan tir). Trong do, tuong tac phat quang la loai tuong tac vat ly khong 
pha hiiy hoac bien doi thanh phan ciia mau phan tich. Cac dac tnmg phi huynh quang ciia 
timg loai phan tir cho phep chimg ta xac djnh dugc thanh phan cac chit co mat trong viing 
kich thich. Viec nghien cuu phan bo cac photon huynh quang trong moi truang va tren bl mat 
phan each giira moi tmong va khong khi la mot yeu ciu cin thilt ca vl mat ly thuylt va thuc 
nghiem. 

Cac nghien cuu ve su lan tmyen cua cac photon trong moi truang sinh hpc da dugc 
mo hinh boa theo mo hinh tan xa ciia photon trong moi tmong due sir dung phuang phap Mie 
khao sat qua trinh Ijch sir ciia mgt photon khi di vao moi tmong da dugc cong bl trong [1,2]. 

109 

mailto:hoado@iop.vast.ac.vn


Tiiu ban: \ghien ci'm ca ban Irong ITnh virc Todn. Ly ISBN; 978-604-913-009-0 

Sau khi di vao moi tmong nghien cuu. xac suat de mot photon co mat tai mot vj tri trong moi 
tmong se phu thuoc \'ao he sl suy giam toan phan bang tong ciia he so tan xa, {j.is) va he so 
hip thu, {jUa) tai buac song khao sat. Sir suy giam mat dp photon tuan theo ham so mu tuong 
tu vai djnh luat Lambert-Beer (7 = Ioexp(-r^p,)). trong do p, = Pa + /^.. O da>', hang so suy 
giam toan phin p, phu thuoc khong nhirng \'ao buac song ciia photon lan truyen trong mot 
moi tmong nhit dinh tire la phu thuoc vao tuong quan giira buac song cua photon va kich 
thuac hat ma con phu thuoc \'ao ban chit ciia moi truong lan trm'en. Cac nghien cim [1-4] da 
tiln hanh tinh toan theo mo hinh nhu sau: mot photon (hay mot bo photon) di vao mot moi 
truang bao gIm cac hat c6 duang kinh rit nho ban buac song ciia photon la Iimg trong mot 
moi tmong c6 chiit suit va do hip thu xac djnh (phan bo cac hat dugc xem la deu) se di 
chuyin theo cac phuang phu thugc vao sir bit dang huong ciia moi truong. Xac suat de cac 
photon con tin tai trong moi tmong phu thuoc vao ham so pha Henyej-Greenstein [5] va vi 
tri ciia cac photon duoc tinh toan theo phuang phap Monte Carlo [3. 5]. Mot chii y rang cac 
kit qua tinh toan diu gia thilt cac photon co diem xuat pMt la tir bien giai giira hai moi 
tmong CO chiit suit khac nhau (vi du nhu khong khi \a mo te bao). 

Trong nghien cim nay, chiing toi gia thilt cac phan tir sinh hpc trong moi truong mo se 
phat quang khi dugc kich thich bing mgt nguIn sang laser thich hgp. Bai toan dat ra la xac 
djnh su phan bl cac photon huynh quang tai cac \'i tri ben trong moi truang va tai bien. Dieu 
nay khac vai cac nghien cuu da dugc thuc hien truac day bcri phai tinh den sir khac biet ve he 
sl suy giam cho birc xa kich thich va birc xa huynh quang. Mot diem khac biet nira la cac 
photon xuit phat khong phai tir bien ciia hai moi trucmg ma la tir ngay ben trong moi truong. 
Mo phong Monte Carlo (MC) se dugc sir dung dl giai cho cac qua trinh tuong tac vat ly laser 
- mo sinh hpc. Ben canh cac tham sl da dugc tham chilu tir thuc nghiem_(vi du nhu he so tan 
xa, chiit suit, he sl hip thu...), mot sl cac biln ngiu nhien, vi du nhu bien trong goc lech tan 
xa, (hoac t l hgp ciia mot \a\ cac biln) se dugc lira chgn phii hgp vai cac dai lugng vat ly da 
duoc xac dinh. 

/ 

2. Mo phong su lan truyen cua cac photon trong moi trucmg mo sinh hoc 

De mo phong qua trinh 
lan tmyen ciia cac photon 
huynh quang trong moi truong, 
cac tinh toan mo phong MC 
dugc thuc hien dua tren gia 
thilt nhu hinh 1. Cac photon 
laser di vao moi tmong se bj 
hap thu va tan xa ho\ cac phan 
tir sinh hpc. Sir phat huynh 
quang ciia cac phan tir sinh hpc 
phu thuoc \'ao hieu suat hm'nh 
quang ciia chimg, thuang chi 
vai phan tram tai buac song 
kich thich 405 nm. 

% Absorption Coefficient — n̂  

Q Scattering Coefficient — p.^ 

Q Fluorescence efficiency —p 

Phuong phap MC dugc bit diu thuc hien tir khi cac photon laser di vao moî  tmong mo sinh 
hoc. N I U nhu chiim laser la vuong goc vai bl mat moi tmong dang xet, thi huong eiia cac 
photon ban diu se di xuing se xay ra ba hien tugng: (1) cac phan tir sinh hpc hap thu va birc 

cac photon co buac song dai han - hien tugng huynh quang; (2) va cham cua cac photon 
xara 
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vai cac phan tir sinh hpc co duang kinh dii lan lam lech huong photon toi - tan xa Mie; (3) 
cac photon va cham khong dan hoi \'ai cac phan tir sinh hpc lam suy hao nang lugng. Cac 
photon huynh quang sau do ciing se xay ra sir lan tmyen tuong tu nhu cac photon laser kich 
thich nhung vod cac he so tan xa va hap thu khac. Cac photon huynh quang thuang khong 
nam trong viing hap thu ciia chinh minh nen se co he sl hip thu rit thip ma sir lan trmln se 
bj suy giam do tan xa la chii yeu. Luu do ciia qua trinh mo phong dugc tham khao trong [1] 
nhu trinh bay tren hinh 2. 

Buac ciia bien MC va 
trong so photon 

Co 

Phan xa trong? 
Mat 

Khong 

V 

Photon vao moi 
truoTig 

1 ' 

Buoc (As) 

' ' 

truong? 

" ' 
Cap nhat sir hap thu va 

trong so photon 

' 

Xet huong 
khac 

' 
Cap nhat su hap thu va 

trong so photon 

1 ' 
Photon ton tai 

c 

Qua nho 

Hinh 2. Luu do md phdng su lan truyin cita photon 
kich thich vd photon huynh quang 

Khong 

Photon cuoi 

' 
Dung 

Ket thuc 

Khi CO mgt photon kich thich di vao moi truong, no se di dugc mgt quang duong As 
(buac) truac khi bj tan xa, hap thu, phan xa \'ao trong hoac di ra khoi mo sinh hpc nghien cim. 
Trong do, cac photon kich thich bj cac phan tu sinh hpc hap thu va phat huynh quang se la 
nguon hire xa thir phat va bat dau dugc xem xet tai vj tri phat xa nhu la diem khai phat va ket 
thuc khi bj hap thu hoac ra khoi moi truong. Buoc tinh dugc lira chpn rat nho hon quang 
duong tu do tmng binh (As « I/p, = I/(pa+Ms)), o day p,, pa, Ms tuong img la he so suy giam 
tong cong, he so suy giam do hap thu va he so suy giam do tan xa. 

Ham mat dp xac suat de photon ton tai tai mot vi tri nao do tuan theo dinh luat Beer 

P P,e -/;,Av 

(1) 

trong do, Po la xac suat tai diem bat dau doi \'ai mot photon dugc xem bang don vj. tire la bit 
diu CO photon. 
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Mpt ham pha mo ta mat dp xac suat ciia photon sau khi bj tan xa lech di mot goc. Neu 
nhu xac suit khong phu thuoc vao goc phuang vj thi goc phuang vj ^ se dugc phan bo dong 
diu trong khoang 0^2:1 va dugc xac djnh gia trj bang each nhan voi mpt so ngau nhien ^ 
trong khoang tir 0^1. Goc phuang vj 6'dac trung cho su dang huang ciia moi truang dugc cho 
theo bieu thuc sau: 

cos^ = 2 # - l (2) 

Moi lin photon lan tmyln mgt quang duang As va va cham vai mgt phan tir trong moi 
tmong no se bj lech huong di mgt goc 9 phu thugc vao sir bat dang huong, g, ciia moi truang 
theo bieu thirc sau : 

l-g' 
^-g + 2g^ 

(3) 

Trong qua trinh tinh toan, he qui chilu cua moi photon se dugc chuyen vj sau moi lan 
va cham va dugc thi hien qua he sl suy giam p\, p'y va p', tuong ung vai cac true x, y, va z. 
Tpa dp moi ciia photon se la : 

p \= p„ + xAs 

p'y=Py+yAs (4) 

p':= P2 + ZAS 

NIU nhu sir tan xa la dang huong, tuc la g = 0, thi phuang trinh (2) se dugc sit dung, 
con trong tmong hgp moi tmong la bat dang huang, tue la g 7̂  0 hay noi each khac la cac 
photon hi tan xa theo cac goc ^ va 0, thi he so suy giam thanh phan theo cac true se la : 

sin^ 
/". = 

^y = 
sin 6* 

= [/UxM: ^'^^ <̂  - y"y sin (zij-i- p^ cos 6 

r-y " ; 

= \p^p. cos(?)-//^ sir\.(t))+ Py cosO (5) 

p. = - sin 6' cos ̂ -y/1 - p. + p, cos 0 

Cac dieu kien bien khi tinh toan sir lan tmyen cua cac photon laser, photon huynh 
quang trong moi truang dugc cho trong bang 1 

Bdng I. Cdc diiu kien bien trong tinh todn md phdng 

\ . . 
Cac dieu kien Moi tmong 

Chiim bom 
Trpng so photon (bo photon) khi kit thuc 
He so hap thu buac song laser (pai) 
He so tan xa buac song laser {psi) 
Dp bat dang huong cho buac song laser (g/,) 
He so hap thu buac song huynh quang {pai,) 
He so tan xa buac song huynh quang (/ẑ /,) 
Dp bat dang huong cho buac song huynh quang (g/,) 
Chiet suat moi tmong {n) 

Gia tri 
Vo ban 
Dang Gausian 
Con 1% 
100 cm"' 
3 cm"' 
0,75 
3 cm'' 
100 cm"' 
0,9 
1,42 [6] 
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3. Ket qua va thao luan 

Hinh 3 chi ra ket qua tinh toan mo phong qua trinh chiim photon laser di \'ao moi 
tmong va kich thich phat huynh quang ban dau, a day hieu suat phat quang dugc gia thilt la 
5% gan vai gia trj thuc ciia cac phan tu sinh hpc nhu flavin, porphyrin [6.7]. Ta co the thi}' 
dang phan bo khong gian ciia cac photon huynh quang va photon kich thich hiu nhu khong 
khac nhau va chi khac nhau ve so lugng photon ban diu. Sir phan bo ciia photon la mpt ham 
ciia dp sau va ban kinh doi vai mpt nguon sang co dang Gausian chuin true. Ta co thi thi\' dp 
sau nhat cua chiim laser, vai cac thong sl da sir dung, la khoang 0,3 mm trong khi do sir lan 
truyen cua cac photon huynh quang c6 thi tai 0,5 mm. Dilu do chimg to ring cac photon 
huynh quang bj mat dan nang lugng cham hon do anh huong ciia hieu iing tan xa lan ban bj 
hap thu, do do chiing co kha nang truyen xa ban. 

-^^i -̂̂ L 
Htnh 3. Kit qud md phdng phdn bd khdng gian ciia photon laser vd photon 

huynh quang 

Y'S- - -

K\ 
^ 

— - - ^ . ^ ™ 

- ^ 0 = 1 

- ' - g = - 0 . 9 

1 • 1 • 1 ,-~ r • r • . • ' ! '-r—^ 

Mac dii vay do sau c6 the quan sat dugc cac 
photon bj giai han trong khoang 0,3 mm do hien tugng 
phan xa trong tren mat phan each giira hai moi truang 
(hinh 4). Cac ket qua ghi nhan vai cac thong s l bit ding 
huong khac nhau -0,9^1 tuong img voi do lech phuang 
truyen ciia photon huynh quang. Ta thaj' ring vai he sl g 
trong khoang tir 0,7^1, cac photon quan sat dugc tren bl 
mat phan each co nguIn glc tii da tir do sau nho hon 0,3 
mm trong khi do vai cac he so g < 0,7 cb do sau Ion ban 
va xuat hien mpt gia trj cue dai tai khoang 0,1 mm. Dilu 
do CO the dugc giai thich bai ham phan bo mat dp cac 
photon den bien moi truang vai cac gia trj bat dang 
huong khac nhau (tire la goc lech phuong lan truyen khac nhau do va cham ciia cac photon 
vai cac phan tir sinli hpc). Vai cac gia tri g >0,7 phin Ion cac photon la truyin theo phuang 
tai hoac lam vai phuong tai mpt goc 9 nho. Do do, gia trj so photon cue dai cb thi quan sat 
dugc la nam ngay sat mat phan each (Z = 0). Doi vai cac gia trj -1< g < 0,7, xuit hien xac suit 
cue dai cac photon den dugc be mat khi goc tai khoang 45° (hinh 5). Sl photon huynh quang 
ton tai trong moi truong chi bj giai ban mpt bien tai diem vao ciia chiim laser tang dan khi dp 
bat dang huong giam dan, tire la tang quang duong di chuyen ciia photon trong moi truang. 

FPinh 4. Phdn bd theo do sdu 
tdi da sd photon thodi ra khoi 

mat phdn cdch 
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Hinh 5. Phdn bd xdc sudt cdc photon ldi mat phdn cdch theo gdc tdi 

4. Ket luan 

Mo phong theo phuong phap Monte-Carlo cho phep tinh toan dugc su phan xa va 
thong lugng photon tai bat cir diem nao khi lan tru>'cn trong moi truong mo sinli hgc. Dac 
biet, cac ket qua tinh toan da chi ra dugc Ijch sir ciia cac photon di tai be mat phan each, nai 
se dat cac dau do. Bang viec do cuang dp va pho huynh quang tai be mat phan each, ta co the 
phan tich dupe cac dac trung huynh quang ciia cac phan tir sinh hpc phat quang khi bj kich 
thich bang mpt birc xa laser thich hgp. Day la mgt cong cu thich hgp trong dieu trj benh hgc, 
dat biet la theo doi va loai bo ung thu di can. 

5. Loi cam o'n, 

Cac tac gia xin chan thanh cam on sir ho trg ciia quy phat trien khoa hgc va cong nghe 
quoc gia (NAFOSTED). Cong trinh dugc thuc hien trong chuang trinh hgp tac giua Vien Vat 
ly, Vien Khoa hpc va cong nghe Viet nam va Phong thi nghiem mo hinh hoa than kinh hpc va 
ung thu hpc, Dai hpc Paris 11 (Cong boa Phap). 
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