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Phuong phap tinh licu tuyét doi trong mo
phong Monte Carlo

Luong Thi Oanh!, Pang Thanh Luong!, Duong Thanh Tai*?

Tém tit—Trong nghién ciru nay, ching tbi trinh
bay phwong phap tinh toan lidu tuyét ddi trong mé
phéng Monte Carlo (MC) ap dung cong trinh nghién
ctu cia Popescu va cong sy cho mirc ning lwong
photon 6 MV. Chuong trinh BEAMnrc dwgc si
dung dé mé phéng chum photon 6 MV phat ra tir
may gia toc tuyén tinh Siemens Primus M5497 tai
Bénh vién Pa khoa Péng Nai. Sau d6 chwong trinh
DOSXYZnre duge sir dung dé tinh toan phan bd lidu
trén anh cit 16p (computed tomography - CT) ciia
phantom ddng nhit. Céc gia tri lifu tir md phéng
MC va phin mém lap ké hoach (TPS) duoc so sanh
v6i cac két qua do dac bing thye nghiém sir dung
budng ion héa FC65-P. Sai khac trung binh giira md
phéng véi cac gia tri liéu do dac va tinh trén TPS
twong tng 13 0,33£0,15% va 1,00£0,51%. Cac két
qui cho thiy cé sw phit hgp tot giira lidu mé phéng,
do dac va tinh toan trén phantom ddng nhit.

Tir khéa—May gia tbc tuyén tinh, md phong
Monte Carlo, EGSnrec, lidu tuyét di

1. GIOI THIEU

a tri 1a phuong phap sir dung birc xa ion hoa

dé tiéu diét té bao ung thu voi nang luong va
lidu lwong thich hop dong thoi han ché téi mirc tdi
thiéu anh hudng téi cac co quan lanh xung quanh
[1]. Mot trong nhiing cong doan quan trong trudc
khi diéu tri 1a tinh lidu xa tri. Muyc dich cua viéc
tinh lidu 12 xéc dinh lidu hip thu trong co thé
nguoi. Thong thuong lidu hap thy khéng do dugc
truc tiép trén co thé bénh nhan ma noé thuong duoc
do bang cac dau do khac nhau trén phantom nhu
budng ion hoa, liéu ké phim, TLD, ... hodc duoc
tinh toan trén hinh anh (computed tomography —
CT) cua bénh nhan bang cac phan mém lap ké
hoach (treatment planning system, TPS).
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Do chinh xac cta TPS phu thudc rat nhiéu vao
cac thuat toan ma TPS d6 st dung tinh liéu. Cac
thuat toan tinh liéu dang duoc sir dung trong TPS
gom: thudt toan chum tia but chi (pencil beam
convolution, PBC), thuat toan tich chap hoac siéu
chdng chap (collapsed cone convolution/
superposition) [2-4]. Tuy nhién, han ché cta cac
thuat toan nay 1a cho két qua chwa phi hop khi tinh
lidu véi nhitng dang hinh hoc phtc tap, ¢ cau tric
md khong dong nhat va két qua co thé cho sai sb
tai cac vi tri tham chiéu 1én dén 20% so voi liéu
thue t& ma bénh nhan nhin duoc [5-9]. Trong khi
d6 thuat toan tinh liéu dya trén nguyén ly tng
dung phuong phap Monte Carlo (MC) dugc xem la
chinh x4c nhét [10]. Vi MC m6 ta chi tiét cac qua
trinh twong tac vat ly va sau d6 don gian hoa cac
qué trinh tuong tac voi vat chat dé tién hanh tinh
toan lidu.

Khéi niém lidu tuyét ddi thuong duogc st dung
trong ké hoach diéu tri 1am sang trén hinh anh cét
16p CT cia bénh nhan nén viéc tinh liéu tuyét dbi
trong md phong MC 1a mét yéu ciu can thiét dé so
sanh gia tri ndy v6i gia tri tinh toan tir TPS. Liéu
tuyét dbi (hay liéu hdp thu) 1a ning lugng ma buc
xa truyén cho mét don vi khéi luong vat chét, c6
don vi 1a J/Kg, don vi thuong dung trong xa tri la
Gray (Gy) [11]. Gia tri liéu hap thy phy thudc vao
loai buc xa, nang lugng, thoi gian chiéu ciing nhu
cac tinh chat cua vat duge chiéu. Viéc xac dinh
liéu tuyét ddi trong MC dugc d& xuit boi nhiéu
nhom nghién ctu khac nhau [12-14]. Tiéu biéu
nhu Paolo Francescon va cac cong sy vao nam
2000 dya trén gia tri “Monitor unit” (MU) phat ra
tir may gia téc [12]. Han ché ciia phuong phap nay
(chua dé cap dén anh huong cua tan xa nguoc) da
duoc khic phuc boi Antonio Leal va cac cong su
vao nam 2003 [13]. Tuy nhién, Antonio Leal chua
tinh dén sy dong gop phan tan xa nguoc tir budng
ion hoa nén két qua con chwa chinh xac. Bang cach
két hop cach tinh tir cic nhom tac gia va bd sung
céc hé sd tinh toan, Popescu va cong sy vao nam
2005 [15] da cung cép cong thirc tinh lidu tuyét ddi
bao gdm lidu tdi va liéu tan xa nguoc tir dng chuan
truc voi cac ngam chuyén dong doc lap
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(independent jaws) vao budng ion héa. Trong
nghién cuu nay, chung t6i ap dung phuong phap
tinh lidu tuyét di cua Popescu va cong su.

Trong cic cong bd trong nudce trude day thi vide
tinh lidu tuyét ddi bang phuong phiap MC chua
dugc tim thady. Muyc dich cta nghién ciru nay la
tinh lidu tuyét dbi cho murc nang lugng photon 6
MV phat ra tir may gia toc tuyén tinh Siemens
Primus tai Bénh vién Pa khoa Df“)ng Nai (goi tat 1a
Bénh vién) st dung chuong trinh mdé phong
EGSnrc (phuong phap MC). BEAMnrc va
DOSXYZnrc 1a hai chuong trinh con cia EGSnrc
dugc st dung trong viéc mo phong va tinh toan
phan b6 lidu trén hinh anh CT. Céac két qua mo
phong va tinh toan tir TPS s€ dugc so sanh véi dit
liéu thyc nghi€ém dé danh gia do chinh xac.

2. VAT LIEU VA PHUONG PHAP
Co sé 1y thuyét ciia phwong phap tinh lidu tuyét
doi
Co s& 1y thuyét tinh lidu tuyét dbi trong nghién
ctru nay dya trén phuong phap duoc cong bd boi
Popescu va cong sy [15]:
D

D cal
D =D ci (1010} xyz.ﬁbsU
xyz.abs — “axyz cal
J ) Dy peat

XVE
(D

Trong do:
- Dyyzaps 12 lidu tuyét ddi trong mot voxel noi
ma D, .dugc ghi.

D.l:_\-'zl";1
(normalized dose): liéu hap thu gay ra boi 1 hat toi
(Gy/hat) tai vi tri bat ky trong phantom. Gia tri liéu
nay c6 dugc trong qua trinh mé phdéng vdi
DOSXYZnrc, n6 dugc ghi nhan trong mdt voxel
cua phantom.

- D_la liéu chuan hoa trong budng ion hoa: liéu
hép thu giy ra boi 1 hat téi duge ghi nhan trong
budng ion hoa (Gy/hat). Gia tri lidu nay co dugc
trong quéa trinh mo phoéng dau may gia toc voi
BEAMnrc, n6 dugc tich liiy trong budng ion hoa
v6i kich thude truong bét ki voi sy dong gop ciia 2
thanh phan:

Dc.h = D(};?nvard + Df;?Ck
(2

Trong d6 DZ?™ ™14 thanh phan liéu gay ra boi
blrc xa tia t6i hap thu trén budng ion hda va
DEA%¥1a liéu gay ra boi cac hat tan xa tir cic ngam
(Jaws) di vao cac budng ion héa tir bén dudi.
Thanh phan D/P™®a hing s, trong khi

lidu chuan hoa trong phantom

DEA%thay d6i va phu thudc vao kich thuéc cta
truong chiéu.

- Dej1ox10) 18 liéu hip thy gay ra boi 1 hat t6i
tich lity trong budng ion hoa vai kich thude truong
10x10 cm?. Gia tri nay 1a mot truong hop cua
D_;thu duge véi kich thude truong 1010 cm?.

- DEAL 1a liéu higu chuén (calibration) gy ra boi
1 hat trén phantom nudc voi kich thudc truong
10x10 cm? tai mot dd sau hiéu chuan. Gia tri nay
dugc 1ay trong mé phong DOSXY Znre tai do sdu
chuan héa (10 cm) trén truc trung tim.

- DEBL opsla liéu tuyét doi hidu chuan gay ra boi
1 hat trén phantom nudc voi kich thudc truong
10x10 cm? tai do sdu d3 duoc chon dé hiéu chuin
trongD_gfi. Gia tri nay c6 dugc trong mo phdéng
DOSXYZnrc (IMU tuong ung véi cGy tai do sau
chuén hoa).

- U 1a chi s6 MU.

U= N, 2
Dc»’?.abs

3)

(DAY, 14 lidu tuyét ddi tich lily trong budng ion
hoa ting véi 1 MU, N,la sb hat dap vao biaN,dé
tao ra mot photon)

A 14 termycal cal
Cac gla trlD.r_\-‘z’ D.ryz.abs’

DC_M 10% 10_;.1"5‘ khong do6i
v6i 1 may gia tdc nhét dinh; cac gia tri nay co
dugc trong didu kién chuin héa trong phantom
ddng nhat vai kich thudc truong 10x10 cm? hudng
chiéu goc (gantry) 0°. B¢ tinh toan liéu tuyét ddi
v6i timg truong hop cu thé, chi can xac dinh D,y
VéDC,I'.

Mo phéng Monte Carlo

May gia toc tuyén tinh Primus M5497 ctia hing
Siemens tai Bénh vién dugc moé phong béng
chuong trinh EGSnrc v6i hai chuong trinh con linh
hoat nhu BEAMnrc, DOSXYZnrc [16, 17].
Chuong trinh BEAMnrc duoc sitr dung dé mo
phong chum photon 6 MV phat ra tir may gia toc
gdm 2 phan nhu trong Hinh 1.

- BEAM A gdm cac thanh phan: cira s6 thoat,
bia, dng chuén tryc, bo loc phang, budng ion hoa
va guong.

- BEAM B gdm cac thanh phan: budng ion hoa,
guong, ngam, tAm mica.

Cac file *.egslst va *.egsphspl c6 duoc tr md

forward back
ch > D ch

phong BEAMnrc s€ cho gid triD
trong cong thirc (1).
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Buong ion héa+—= Bubng ion héa- ==
Guong — / Gwong — /
'3 4

e - File khong gianphaA —--------
Ngam — / !

FilekhénggianphaB —--------

Mé phong BEAM A Mé phéng BEAM B

Hinh 1. So d6 thiét 1ap BEAM A va BEAM B

Sau d6 chuong trinh DOSXY Znrc dugc sir dung  Tét ca cac thanh phan vat lidu, kich thudc cia may
dé tinh toan lidu cho phantom dong nhit. Két qua  gia tic duoc cung cép tir nha san xuat va dugc dé
cia mdé phong DOSXYZnrc s& cho cac gia  cap chi tiét trong cong trinh cong b trudc do [18].
triDESL apss DS, Dyy, trong cong thire (1) tir trong Két qua mo phéng BEAMnre nhu Hinh 2.
file *.3ddose bang chwong trinh STATDOSE. Cac thong s6 m6 phong MC gom ECUT = 0,70
MeV cho electron va PCUT = 0,01 MeV cho

photon. Ngudn sé 19 trong thu vién cta chuong
trinh BEAMnrc [17] dugc st dung trong md
phong BEAM A ning lugng trung binh 1a 6,04
MeV va bé rong mot nira (full width at half
maximum, FWHM) 1a 1,2 mm [18]. Ngudn sé 23
[17] dugc st dung trong mé phong BEAM B voi
dir liéu duge chia sé tr md phong BEAM A. S6
lich st hat chay cho BEAMnrc: N = 2x10? hat.

Cira sb thoél : ' Bia | I g 01 s

/ —
B4 loc phéng /

Buéing ion héa

o

Mé phéng may gia téc véi chwong trinh
BEAMnrec

Chuong trinh BEAMnrc duge st dung dé mo
phong may gia tbc v6i hai phin. Phan dau tién
gém: cra sb thoat, bia, 6ng chuén truc, bd loc
phing, budng ion héa va guong ing voi md phong
BEAM A; phan thtr hai gom: budng ion hoa,
guong, ngam ung voi mdé phong BEAM B.

Colimator so cap

Mica

Hinh 2. M6 phong diu may gia tbc BEAM A (trai), BEAM B (phai)
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Tinh phin bdé liéu biang chwong trinh
DOSXYZnrc va phin mém Prowess Panther

Phantom ddng nhét vai kich thudc 30x30x20
em® duoc chup cit 1op biang may CT-Scaner

(Somatom spirit, Siemens). Sau d6, chuong trinh
DOSXYZnrc va phan mém Prowess Panther duoc
sir dung dé tinh phan bd lidu trén hinh dnh CT cia
phantom nay (Hinh 3 trai).

Hinh 3. Phantom ddng nhét (trai) va gia tri liu tai cac d¢ sdu khac nhau (phai)

Nguén s6 8 trong thu vién cia DOSXYZnrc
[16] duoc st dung véi cac thong s6 MC gom
ECUT = 0,70 MeV, PCUT = 0,01 MeV va sé lich
str hat chay cho DOSXY Znrc: N = 2x10° hat. Céc
gia tri liéu tuyét ddi dugce tinh doc theo truc trung

tam nhu trén Hinh 3 phai. Bén canh d6, phan mém
Prowess Panther (Prowess Inc., Chico, CA) ciing
duogc st dung dé tinh liéu tai cac vi tri twong ung
v6i md phong bang thuat toan tinh lidu la Fast
photon Effective (Hinh 4).

Hinh 4. Liéu tuyét dbi tai cac toa do khac nhau trén phé‘m mém lap ké hoach Prowess Panther

Thuwe nghiém

May gia téc Siemens Primus M5497 tai Bénh
vién duoc chuan liéu dinh ky theo quy trinh cua
co quan ning luong quéc té IAEA (International
Atomic Energy Agency), TRS-398 [19]. Gia tri

lidu tuyét ddi tai cac do sau thu duge tr hé do
dugc thiét 1ap nhu Hinh 5 véi kich thudce trudng
chiéu 10x10 cm?, khoang cach tir ngudn téi bé
mit (SSD) 1a 100 c¢cm, dau do 1a budng ion hoa
FC65-P (IBA Dosimetry, Pirc) da duogc chuan hoa
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boi nha san xuét. Pau do dugce dit tai cac vi tri
khac nhau trong phantom va dugc két ndi véi dién
ke (electrometer) DOSE 1 (IBA Dosimetry, Diic).

Hinh 5. Thuc nghi¢ém do lidu tuyét dbi tir may gia tbe

3. KET QUA VA THAO LUAN

Cic thong s6 khong doi c6 dwge trong qua
trinh chuan hoa
Céc thong sé khong do6i co duge tir qua trinh

back Df orward

chudin hoéa  bao gém:Dch > ch 4

cal
nyz D;;E'z,aks’ Dy, Dcl:(_ 10%10)
- Két qua tir mé phong BEAM A va BEAM B
cho cac gia tri
o DTO™ATA_ 7 647510716 (Gy/hat)

ch
e D2Ack=12 827%107*? (Gy/hat)
Do do, gia tri
D, = DIP™T 4 pBack=7,649x10"'6 (Gy/hat).
- 7Két qua tr m6 phong DOSXYZnrc tai d§ sau
chuan héa (10 cm) trén truc trung tdm c6 gia tri:

e DEAL= 699621077 (Gy/hat)

XYz
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eDAL . =100 (cGy/MU)

xyz,abs
M6 phong duoc thuc hién véi truong chiéu
10%10 cm? nén ta co:
Decroxi0)= 7,649%1071° (Gy/hat),

2 Do d6, cong thuc (1) dugc viét lai nhu

100cGy /MU
sau:D,., =Dy X I X ———————
xyz,abs xyz 6,996x10 7 Gy fhat

Két qua lidu tuyét ddi
Sau khi thuc hién mdé phédng DOSXYZnrc
ching t6i st dung chuong trinh phan tich liéu
STATDOSE (mét chuwong trinh con ciia EGSnrc)
dé ghi nhan gia trj lidu Dyy, tai cac vi tri khac
nhau trén truc trung tam. Két qua ghi nhan duoc
tr chuong trinh STATDOSE va gia tri tinh toan
lidu tuyét dbi duoc triph bay trong Bang 1.
Bang 1. Gia tri lieu tuyét doi tai cac do sau

Vi tri Do sau Dy Dyyz abe
: (cm) (Gy/hat) (Gy/MU)
1 1,5 1,0862 % 1071 156,95
2 2,5 1,0550 % 107 150,80
3 3,5 1,0072 * 1071 143,97
4 45 9,6524 = 1077 137,97
5 5,5 9.0560 = 1077 129,44
6 6.5 8,6181 % 107 123,19
7 7,5 8,1034 = 1077 115,83
8 8,5 7,6484 % 1077 109,32
9 10,0 6,9960 = 107 100,00

Bang 1 cho thdy gi4 tri lidu giam dan theo do
sau tr 1,5-10 cm.

Bang 2 trinh bay két qua so sanh liéu tuyét dbi
tr mo phong va TPS so v6i thuc nghiém. Sai khac
trung binh gitta mé phdng va thuc nghiém la
0,33+0,15% va gita mo6 phong voi TPS Ia
1,0040,51%.
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Bang 2. Gia tri lidu tir mo phong EGSnrc, TPS va thyc nghiém (Meas)

Vi tri Do sau Dyyz ape (Gy/MU) Sai khac (%)
i (cm) EGSnrc TPS Meas EGS véi TPS EGS véi Meas
1 1,5 155,27 156,12 155,07 0,55 0,13
2 2,5 150,80 150,16 151,39 0,42 0,39
3 3,5 143,97 142,76 144,66 0,84 0,48
4 4,5 137,97 135,56 137,16 1,75 0,59
5 5,5 129,44 128,28 130,05 0,90 0,46
6 6,5 123,19 121,04 122,70 1,74 0,40
7 7,5 115,83 114,33 116,06 1,29 0,20
8 8,5 109,32 107,70 109,46 1,49 0,12
9 10 100,00 100,00 100,22 0,00 0,1
) R 10, pp. 1671-1689, 2002.
4. KET LUAN [10] C.M. Ma, T. Pawlicki, S.B. Jiang, J.S. Li, J. Deng, E.

Chung t6i1 da nghién ctru va ap dung phuong

phap tinh lidu tuyét d6i trong mé phong Monte
Carlo str dung chwong trinh EGSnre. Két qua thuc
nghiém cho thdy sy phu hop tot voi gia tri mo
phong va tinh toan. Sai khac trung binh giita mo
phong véi TPS 1a 1,00+0,51% va v6i thuc nghiém
1a 0,33+0,15%. Céc sai khic trung binh déu nim
trong gia tri cho phép < 3%.
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(2]
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Abstract—In this study, we presented the
method for calculation the absolute dose in the
Monte Carlo simulation following the prescription
of Popescu et al for the 6 MV photon energy. The
BEAMnrc was used to simulate 6 MV photon beams
from a Siemens Primus M5497 linear accelerator at
DongNai general hospital. The DOSXYZnrc was
then used to calculate the dose distribution in a
homogeneous phantom (in form of CT images). The
absolute dose obtained from the MC and TPS were
compared with measured ones using an ion chamber

(Farmer Type Chamber FC65-P, IBA). The average
doses discrepancy between the simulated and
measured dose was 0.53+0.37% and between the
simulated and TPS was 1.00+£0.51%. Results showed
good agreement between simulated, measured and
calculated dosed on a homogeneous phantom.
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