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Mo phong may gia téc tuyén tinh bang
phuong phap Monte Carlo dung
chuong trinh EGSnr
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Nguyén Dong Son

Tém tit—Phuong phap Monte Carlo dwgc xem
12 mdt phwong phap tinh lidu chinh xac nhit trong
xa tri. Mo phéng may gia tdc chinh xdc 12 mét yéu
ciu cén thiét trong tinh lidu bing phwong phap nay.
Trong nghién ciru nay, may gia tdc Primus M5497
ciia hing Siemens tai Bénh vién Da khoa Pdng Nai
dwgc méd phéng bing chwong trinh EGSnrc cho
mirc niang lwgng photon 6 MV. BEAMnrc va
DOSXYZnrc la hai chuwong trinh dwge sit dung
trong viéc mé phéng va tinh toan phan bé lidu trong
phantom nwée. Phin trim lidu theo d§ siu
(Percentage depth dose, PDD) va phén bd liéu theo
phuong ngang (Beam profiles, OCR) c6 dugce tir mod
phéng dwgc so sianh véi dir liéu thwe nghiém dé
danh gia do chinh xac trong md phong. Két qua thu
dwgc c6 sw phi hop tét gita md phéng va thuc
nghiém véi su khac biét ciia PDD 1a 1,26 % va OCR
nhé hon 2 %. Bén canh d6, ching téi sitr dung
phwong phip danh gia bing chi s6 Gamma chay
trén Matlab. Phin trim lidu theo d§ siu c6 phan
trim chi s6 Gamma dat 100% va phén bd lidu theo
phwong ngang c6 phin trim chi s6 gamma dat
98,5 % voi yéu clu sai biét vé liéu 1a 3 % va dd 1éch
v& khoang cach 1a 3 mm. Két qua trén cho thiy da
mé phéng thanh cong may gia tdc tuyén tinh voi do
chinh xac cao.

Tir khéa—may gia téc, mé phéng Monte Carlo,
EGSnrc, BEAMnrc, DOSXYZnrec, chi sb gamma.
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1 MO PAU

Ngéy nay, xa trj 1a mot trong nhiing nganh

ung dung k¥ thuat hat nhan vao y hoc manh
mé& nhat va la mot trong nhimg phuong phap dong
vai trd quan trong trong didu tri ung thu. Mot
trong nhitng yéu cau thiét yéu quyét dinh dén su
thanh cong hay thét bai trong xa tri 14 tinh toan
lidu cho bénh nhan trude khi xa tri. Tuy nhién,
viéc tinh lidu c6 chinh xac hay khong lai phu
thudc vao thuit toan dugc st dung dé tinh toan.
Céc thuat toan tinh lidu duoc phat trién manh mé
tr nam 1950 [1] va dugc chia lam 3 nhom chinh:
(1) dua trén sy hiéu chinh (correction-based), (2)
dya trén mo6 hinh hoa (model-based) va (3) dua
trén cac nguyén 1y co ban (principle-based).

Thuat toan tinh lidu dua trén su hiéu chinh la
mot thuét toan tinh lidu dua vao cac gia tri ndi suy
hodc ngoai suy tir thyc nghiém nhu: Phin trim
lidu theo d6 sau (PDD) cho céc kich thudc trudong
khic nhau tai mot ngudn bé mit nhit dinh
(Source to Surface Distance, SSD), su phan b
liéu theo phuong ngang (OCR), ti s6 mo
phantom (Tissue Phantom Ratio, TPR)... Sau do
thuat toan nay dugc hiéu chinh sy khac biét giira
diéu kién diéu tri va diéu kién do luong. Hiéu
chinh bao gém: Hiéu chinh sy suy giam do moi
truong khong ddng nhét, hiéu chinh tan xa, kich
thude truong, ... DSi v6i méi truong dong nhét
nhu nudc, thuit todn nay cho két qué khé chinh
xac. Tuy nhién, d6i véi méi truong khong ddng
nhét nhu co thé (xwong va phdi...) thi thudt toan
nay kém chinh xéc [1].

Thuat toan tinh liéu dua trén md hinh hoa bt
dau tir nhitg nguyén 1y vat 1y va sau d6 don gian
hoa cac qua trinh twong tac vét Iy nhim md phong
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su van chuyén cua cac buc xa trong thuc té dé déy
nhanh t6c d6 tinh toan. Nhing qua trinh twong tac
vat 1y nay duoc don gian hoa bang phuong trinh
tinh toan tich chap (convolution) hodc siéu chong
chap (convolution -superposition) sir dung trong
mdi trudong khong dong nhat va cho d6 chinh xac
kha cao. Tinh liéu béng thudt toan nay da duogc
dua vao phan mém lap ké hoach s dung cac
thuat toan tinh liéu khac nhau gom: Pencil Beam
Convolution (PBC), the Analytical Anisotropic
Algorithm (AAA), (Varian Medical System, Inc.
Palo Alto, CA, USA) va Collapse Cone
Convolution (CCC) algorithms, (Pinnacle, CMS
XiO) [9].

Thuét toan tinh lidu dya trén nguyén 1}'1 ung
dung phuong phiap Monte Carlo (MC) d& mo
phong su van chuyén cua s lugng 16n cac hat
photon va céc hat electron trong moi truong vat
chat. Phuong phap MC thuong dugc st dung nhur
1a cong cu dé kiém tra tinh chinh xac cho nhiing
thuat toan tinh lidu khéac [2]. Phuong phap nay mo
ta chinh xac ban chéat vat Iy cua timg twong tac
boi xem xét riéng cho hinh hoc cia tung may gia
tdc, bo phén tao chum tia, bé mit bénh nhan va su
khong dong déu vé mat do, cho phép xir Iy nhidu
truong hop tinh lidu phirc tap nén két qua tinh
toan phan bb lidu chinh x4c hon. Ciing do dé viéc
tinh toan liéu bang phuwong phap MC tén nhiéu
thoi gian hon so voi nhitng thuat toan tinh lidu
khac.

Dé c6 thé ap dung phuong nay Vlec mo phong
chinh xdc may gia toc 1a mot yéu cau thiét yéu.
Muc ti€u cuia nghién cru nay 1a mo6 phong hé may
gia téc Primus M5497 (cia hing Siemens) dang
dugc sir dung trong diéu trj tai Bénh vién Pa khoa
Dong Nai (goi tat 1a Bénh vién). Hién nay, nhiing
chuong trinh 4p dung Monte Carlo gdm:
PENELOPE, MCNP, GEANT4, GATE,
EGSnrc... Mdi chuong trinh c6 nhiing thé manh
riéng va co thé ung dung trong nhiéu linh vuc
khéc nhau. Trong d6, duoc 4p dung nhiéu nhit
trong linh vuc y khoa phai ké dén 1a chuong trinh
EGSnrc. Chuong trinh EGSnre di dugc phat trién
v6i cac chuong trinh con linh hoat nhu
BEAMnre, DOSXYZnrc [3, 4]. Vi vdy, trong
nghién cru nay, ching toi st dung chuong trinh
EGSnrc ¢é mé phong may gia téc tuyén tinh dung
trong xa tri ciia hang Siemens tai Bénh vién.
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Xtr 1y két qua giita mo phong va thuc nghiém
la mot cong doan quan trong anh huong dén két
qua cua qua trinh m6 phong. Cac cong trinh
nghién ctru trude d6 vé méd phong may gia tdc
bang chuong trinh EGSnre [5] thuong sir dung sai
s6 twong dbi dé danh gia két qua. Tuy nhién, viée
sir dung sai s6 twong ddi (sai khac lidu diém) dé
danh gia 14 chua du va thiéu chinh xac cho nhiing
truong hop tinh lidu tai ving ¢6 liéu cao va ving
bién thién liéu [6]. Chi s gamma da dugc dé xut
boi Low va cong sy (1998) [6] dugc ap dung
trong nghién ciru nay. Ngoai ra, chi s chét lugng
(beam quality) va do phing (flatness) chum tia
cling dugc tinh toan dé so sanh giita mé phong va
thuc nghiém.

2 VAT LIEU VA PHUONG PHAP

M6 phéng may gia téc bing chwong trinh
BEAMnrc

Str dung chuong trinh BEAMnrc dé mé phong
cho chum photon & muc 6 MV cua hé. Vi kich
thude truong chiéu 1a 10 x 10 cm? va khoang
cach tir ngudn dén mit phang phantom SSD =
100 cm. Tét ca cac vat lidu va kich thude cua hé
may gia téc dugc cung cip tir nha san xudt. Tt ca
cac thanh phan can thiét trong dau may gia tdc
dugc mo phong boi chwong trinh BEAMnre bang
cach thiét 1ap mot sb thanh phan riéng 1& goi la
mo-dun (component module, CM), vudéng gbéc voi
hudng chiéu ctia chum tia. Cu tao méy gia toc tai
Bénh vién gom 9 thanh phin, mdi thanh phin
dugc mo ta bodi mot CM trong BEAMnrc nhu sau
(hinh 1):

Cira thoat - Bia

B loc phing

Bubng ion hoa

-

- - E

Tém mica

Hinh 1. Céc thanh phin may gia tdc
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1) Cira thoat (exit window) gom 2 16p titan (Ti)
day 0,005 cm va mét 16p nude day 0,066 cm &
gifta. Ctra s6 thoat chan khong c6 vi tri bt dau
tai -0,424 cm. Puoc khai bao 1a CM: SLABS;

2) Bia (target) gdom 8 16p theo thur tu khong khi
day 0,112 cm; vonfram (W) day 0,064 cm, hop
kim dong thau cua vang (81,5 %); dong
(16,5 %) va nicken (2 %) (Nicoro) day 0,015 cm,
déng (Cu) day 0,165 cm, Nicoro day 0,005 cm,
thép khong ri day 0,102 cm; than chi day 1,016
cm; thép khong ri day 0,004 cm. CM:
FLATFILT;

3) Bo loc phing (flattening filter) dugc khai bao
CM: FLATFILT;

4) Budng ion héa (ionization chamber) gom 3
16p: gbm (ALOs) day 0,152 cm xen k& véi 2
l6p nitrogen (N;) day 0,184 cm. CM:
CHAMBER;

5) Guong (mirror) cdu tao boi SiO, 0,209 cm.
CM: MIRROR;

6) Ngam theo truc Y (JAWY) lam bang vonfram,
dd mo theo tryc y thay ddi duge dé tao kich
thude truong 10 x 10 cm? trén bé mét Phantom,
day 7,620 cm. CM: JAWS;

7) Ngam theo truc X (JAWX) lam bang vonfram,
do mo theo truc x thay ddi duge dé tao kich
thudc trudng 10 x 10 cm? trén bé mit phantom,
day 7,620 cm. CM: JAWS;

8) TAm mica (RECTICLE tray) lam bang mica
day 0,663 cm. CM: SLABS;

9) L6p khong khi day 56,805 cm. CM: SLABS.
Céc thong s6 méd phong nhu AE = ECUT =

0,700 MeV, AP = PCUT = 0,010 MeV dugc ap

dung nhu cic nghién ctu trude [7]. SO lich su

N = 10° hat electron dugc md phong va tién hanh

chay trén bo vi xu ly 2400 cua Intel (R) Core i5.

Mo ta chinh x4c ngudn electron dép vao bia la

mot yéu cu can thiét & mé phong chinh xac may

gia téc. Trong nghién ctru ndy, chung toi str dung
ngudn sb 19 trong thu vién ngudn [4]. Cac thong
sO ctia ngudn sb 19 duge cong b trong cong trinh

trudce do [8].

Dau ra cla qua trinh chay BEAMnrc dé mo
phong may gia toc tuyén tinh 1a file khong gian
pha, c6 chira ddy du cac thong tin cua cac qua
trinh chuyén dong cua hat nhu nang lugng, vi tri,
goc toi, hudng chuyén dong,... File khong gian

pha duoc ghi nhan tai CM thtr 9 véi khoang cach
SSD = 100 c¢m tinh tir ngudn chiéu. C6 thé sir
dung file khong gian pha dé phéan tich chum tia
cling nhu 1a ngudn dau vao cho qua trinh tinh toan
phan b lidu trong phantom.
Tinh toan phin bd liu bing chwong trinh
DOSXYZnrc

Chuong trinh DOSXY Znrc da duoc sir dung dé
tinh toan phan bd liéu cho phantom nudc (50 x 50
x 30 cm®). Khai bao ngudn & ddy 1a ngudn 2 trong
thu vién ciia DOSXYZnrc. Ngudn 2 dung file
khong gian pha (*.egsphspl) dwoc tao ra tir qua
trinh chay BEAMnrc. Ngudn téi tir phia trudc
theo phwong z va nim trén mat phantom.
Phantom dugc chia thanh 3 x 31 x 66 voxels,
duogc trinh bay trong hinh 2. Phantom nuédc duoc
dat tai vi tri sao cho khoang cach tur ngu@)n chiéu
dén bé mit phantom 1 SSD = 100 cm. Cac
electron va photon c6 ning luong toi thiéu
(ECUT, PCUT) di dugc thiét 1ap 1a 0,700 MeV
va 0,010 MeV tuong tmg. Cac s6 liéu mo phong
vé phan bd liéu trong phantom nudc tir qua trinh
chay DOSXYZnrc dugc tién hanh phéan tich va
danh gia do sai biét voi thuc nghiém dya vao sai
s6 tuong d6i va chi s6 Gamma duoc tinh bang
code Matlab.
Khio sat cac thong sb thue nghi¢m

Céc s6 lidu thyc nghiém gdm phan dudng trim
lidu theo d6 sau (PDD), dudng phan bd liéu theo
phuong ngang (OCR) tai cac d sau 1,5 cm, 5 cm,
10 cm, 20 cm thu dugc trén hé may gia tde tuyén
tinh Siemens Primus M5497. Hé do dugc thiét lap
nhu Hinh 3 gdm: hai budng ion hoa CC13 (IBA
Dosimetry, Ptic), mot cai dugc dat trong phantom
nude va cai con lai dé o trén khong khi. Dau do
dugc dit trong phantom c6 thé di chuyén téi moi
vi tri trong phantom. Cac dau do nay dugc diéu
khién boi hé théng phan mém diéu khién Omni
Pro-Accept V7.4c (IBA Dosimetry, Ptrc) thong
qua khdi CU500E (IBA Dosimetry, Puc), cb
nhiém vu cung cép dién ap + 300 V cho hai dau
do, didu khién diu do dén dang vi tri can do.
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Hinh 2. Khai bao phantom cho DOSXYZnrc
Tinh sai s6 twong doi

Sai sb twong dbi gitta mo phong va thuc
nghiém dugc tinh boi cong thirc sau:

AD=P2=P2 1909,

b (1)

Trong d6: D, 1a gia tri lieu do thuyc nghiém tai
vi tri theo truc z, D, 1a gia tri lidu mo phoéng tai vi
tri theo truc z.
Tinh chi s6 Gamma

Viée sir dung sai khac liéu diém dé danh gia két
qua theo cach thong thuong 1a chua dd vi nd co
thé gy ra cac sai sb & cac ving liéu thip va khu
vire ¢6 do bién thién lidu cao [6, 8]. Do d6, chi s6
gamma la mdt phuong phap méi dugc dung trong
nghién ciru nay dé danh gia két qua mé phong.
Chi s6 Gamma két hop giita sai s6 liéu lugng AD
trong pham vi khoang cach cho phép DTA (thong
thuong AD/DTA = 3%/3 mm).

Chi s6 gamma dugc tinh theo cong thic sau:

2 2
1_‘(’/;"’;2):\/}" (rm>rc)+5 (rm’rc)

Ad?, AD2,

2
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Trong do:
o =D -D .
+ AD = (rm,n,) (1) =D, (7,) la sai khac
lidu tinh toan véi lidu do.
2
r(r.,r)=|r —r . y .
+ Ad = (”” ") |’” ¢l 1a sai khac vé vi tri

d6i v6i cing mot gia tri liéu.
+ I 12 vi tri cia diém do, r. 12 vi tri khong gian

ctia phan b tinh toan tmg voi diém do.
Tinh céc thong sb ciia chiim tia photon

G- — DlO

1

Thong sb chat lwong chum tia [9]:

Trong d6: Dy 1a liéu tai do sdu z = 10 cm,
Damax 12 liéu tai do siu cuc dai.

- D6 phang ctia chum tia:

bo phéng chum tia F dugc dinh nghia l1a sy
thay d6i 16n nhat vé gia tri phan trim lidu theo
phuong ngang, trong ving chiém khoing 80%
kich thudc trudng chiéu tinh tir vi tri trung tdm

[9].

F = Lo "lun 10004
Lo+ Lo 4)
Trong d6: Imax va Imin 13n luot 13 gia tri phan
tram liéu hap thu 16n nhat va nho nhét trong ving
khoang 80% kich thudc truong chiéu.

3 KET QUA VA THAO LUAN

Puwong phin trim lidu theo theo dj siu (depth
dose)

Puong phan b lidu theo do siu cta chum
photon 6 MV duogc chuén hoa tai do sau co gia tri
lidu cyuc dai 1a 1,5 cm. Hinh 5 trinh bay duong
phan bd lidu theo dd sau co duge tir thue nghiém
va mo phong bang chwong trinh EGSnrc; dudng
mau d6 1a chi s gamma.
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Phantom mrdc ——————=DAudd 2 (tham chiéw) ——  Electro
-meter

DOSE1

- ﬁ‘:aéud‘il: ” “

Drive
Control

./0 CCU S00E

May tinh

Hinh 3. Hé do thuc nghiém (hinh trai) va so dd két néi (hinh phai)

Hinh 4 cho thdy c6 su phi hop rét tot gitta gia ~ trong vung tr 6 sau cuc dai (dmax) dén vi tri
tri md phong véi gia tri thyc nghiém. Theo théng 2= lq cm }a 0,29 % ’(hmh 2). Bén canh d6 tat ca
ké, sai khdc trung binh giita mod phong va thyc ~ cac diém déu co chi so gamma < 1 (dm‘mg mau do
nghiém 1a 1,26 %. Trong do, sai khac 16n nhat trong hinh 4, bén trai). Phan tram chi s6 gamma
dugc phat hién trong ving 0,5 cm dAu tién tir bé  dat yéu cau sai biét vé licu 3 % va do Iéch vé
mit nuée 1a 3,15 % va ving tir 4o sdu z = 10 cm  Khoang cach 3 mm [a 100 %.
t6i z =30 cm 1a 1,64 %. Sai khac it nhat hién dién

PP (a) . (b) .

100 & M6 phéng — Thwc nghiém  — Gamma index f0a
08
07 @

o
|06 3
05 o
f04 2
toz &

PDD (%)

0.2
01

0 2 4 g g8 1IIJ 1I2 1;4 1I8 1I8 ZIU 2 24 26 28 30
D sau (cm)

Hinh 4. Két qua m6 phong va thuc nghiém cua duong cong phan b lidu theo do sau

Chi s6 danh gia chat lugng chum tia photon do  nghiém tai Bénh vién 1a: Qi = 0,67 %. Sai khac
duoc tinh theo cong thirc (3) cho truong hop mé  twong ddi 14 0,15 %.
phong 1a: Qi = 0,668 %. Chi s6 pham chit chum Két qua & Hinh 5 cho thdy riang duong phan bd
tia photon cia may LINAC khao sat theo thuc  lidu theo do sdu giita md phong rat phu hop véi
thuc nghi¢m.
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Hinh 5. Sai sb tuong dbi theo d6 sau

Phén bb lidu theo phwong ngang (beam profile)
Phan b lidu theo phuong ngang dwoc tinh tai 3
d0 sdu 1,5 cm; 5 cm; 10 cm va 20 ¢cm va so sanh
véi phan b6 liéu thuce nghiém tai cac d sau tuong
ung.
Phdn bé liéu theo phiwong ngang tai dg sdu 1,5
cm
Hinh 7 14 phan b liéu theo phuong ngang cua
muc nang lugng 6 MV tai 6 sau 5 cm tdt hon tai
d6 sau 1,5 cm (Hinh 6) (c6 98% nhiing diém cé
chi sb gamma < 1 vdi tiéu chi 3 %/3 mm). Piéu
nay c6 thé 1y giai 1a liu tai cac d6 sau gan bé mit

110

a
4« Mo phong Q Thwc nghiém —— Gamma index

nuée dao dong 16n hon khi do sau ting. Két qua
tinh todn d6 phang chum tia ciia qua trinh mo
phong theo cong thirc (4) 1a 1,12 %. Do phang
chum tia F do duoc béng thuc nghiém tai d§ sau
tuong tng 1a 1,19 %. Vay do phiang chum tia F
cia mod phong kha twong ddng véi thuc nghiém.
Do phing cua chim tia mo phong tai d¢ su 5 cm
cling tdt hon so v&i d6 sau 1,5 cm. Bé rong
penumbra c6 sy phi hop kha tét. Phan bd liéu co
dugc tir qua trinh mo phong trong vung umbra
van c6 chit sai léch nho so véi thuc nghiém, thép
hon so véi thyc nghiém (chi s6 gamma 16n hon 1
tai vi tri tr 22 — 24 cm).
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Hinh 6. Phan b liéu theo phuong ngang ciia mirc ning lugng 6 MV tai d6 sau 1,5 cm
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Hinh 7. Phan b liéu theo phuong ngang ciia mirc ning lwong 6 MV tai do sdu 5 cm

Phdn bé liéu theo phirong ngang tai dé sau 10 cm

Két qua tinh toan d6 phing chum tia cua quéa
trinh mé phong theo cong thirc (4) 1a 0,59 %.
Hinh 8 1a phan b liéu theo phuong ngang tai do
sau 10 cm va theo két qua tinh do phang thi thay

U (a) "
« Mo phong — Thuc nghiém

rang c6 sy phi hop rat tot gitra moé phong va thuc
nghiém, cu thé 1a chi s6 gamma trong trudng hop
nay dat 100 % véi tiéu chi 3 %/3 mm va do phing
chum tia F 1a rat tét.
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Hinh 8. Phén b liéu theo phuong ngang ctia mirc ning lwong 6 MV tai d6 sau 10 cm

Phdén bé liéu theo phwong ngang tai dé sau 20 cm

Két qua tinh toan do phing chum tia cua qua
trinh m6 phdng theo cong thirc (4) 1a 1,01. Tuong
tw nhu cic truong hop trén, phan bd liéu theo

phuong ngang tai d6 sau 20 cm (Hinh 9) phu hop
v6i thye nghiém (phan trim chi s6 gamma dat tiéu
chi 3 %/3 mm 1a 100 %).
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Hinh 9. Phan b liéu theo phuong ngang ciia murc ning luong 6 MV tai d sau 20 cm

Hinh 10 thé hién tong thé cac phan bd lidu tai
nhitng d¢ sau khac nhau cta phantom trong qua
trinh m6 phong.

Két qua khao sat phan tram liéu theo phuong
ngang tai cac d§ sau khac nhau cho théiy tai d6 sau
10 cm 1a phu hop t6t nhat. Két qua nay gop phan

ly giai ly do tai sao cac nha vat 1y y khoa thuong
chuén hoéa, khao sat liéu tai do sau nay.

Két qua trén cho thdy rang két qua khao sat li¢u
theo phuong ngang tai cac d6 sau khac nhau phu
hop tdt v&i thue nghiém.
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Vi tri (em)
Hinh 10. Phan bé lidu tai cac d6 sau khac nhau trong phantom
4 KET LUAN canh d6, chung t6i st dung phuong phap danh gia

Chung t6i d4 md phong thanh cong may gia toc
tuyén tinh tai Bénh vién Da khoa DE“)ng Nai voi d6
chinh xéc cao: sai s6 twong dbi gitta md phong va
thuc nghiém vé& PDD 1a 0,7 % va d6 phiang phéan
bd lidu theo phuong ngang nhoé hon 2 %. Bén

bang chi s6 Gamma chay trén code Matlab. Phan
tram liéu theo do sdu c6 phan trim chi s6 Gamma
dat 100 % va phan b liéu theo phuong ngang ¢
phan trim chi sé gamma dat 98,5 % véi yéu cau
sai biét vé liéu 1a 3 % va do léch vé khoang cach
la 3 mm.
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Loi cam on: Mot phan két qua cia nghién ciru
nay dwgc bao cao tai Hoi nghi Vat ly y khoa tai
Malaysia (10S ISMP), ngay 26 thang 08 nam
2016 va Hgi nghi Vit Iy y khoa thé gidi tai
(ICMP) Thai Lan, ngay 12 thang 12 nam 2016.
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Abstract—The Monte Carlo method is considered
to be the most accurate algorithm for dose
calculation in radiotherapy. Linear accelerator
accurate simulation is required as a prior condition
for Monte Carlo dose calculation algorithm. In this
study, the 6 MV photon beams from a Siemens
Primus Linear Accelerator (LINAC) M5497 at the
Dong Nai General Hospital was modelled by using
EGSnrc. The BEAMnrc va DOSXYZnrc user code
were used for simulation the head of LINAC and the
dose distribution in water phantom. The percentage
depth dose (PDD) and beam profiles (OCR) were
calculated and then compared with the measured

ones in order to evaluate the simulation accuracy.
Excellent agreement was found between simulations
and measurements with an average difference of
1.26 % for PDD, less than 2 % for OCR. In
addition, the evaluation method for
simulation was also performed using an in-house

gamma

Matlab code. The percentage gamma passing rate
was 100% for PDD and 98.5 % for OCR with 3 %
dose difference and 3 mm distance to agreement as
acceptance criteria. The result showed that we had
simulated LINAC with

successfully excellent

agreement.

Index Terms—Tlinear accelerator, Monte Carlo simulation, EGSnrc, BEAMnrc, DOSXYZnrc, Gamma index.
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