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TOM TAT

Muc tiéu: So sénh phan bé liéu birc xa theo d6 séu (PDD) va theo phuong ngang (OCR) duoc do dac
béi bubng ion héa CC3 va diode ban ddn RAZOR déi véi mét sé truong chiéu nhd.

Déi twong va phwong phap: Céac théng sé cia truong birc xa nhi PDD, OCR, ving bén da va kich
thuéc trong bire xa duoc khdo sat dbi véi mét sé truong chiéu nhé bao gém 2x2, 3x3, 4x4 cm?. Buéng
ion héa CC13, Stealth va diode ban ddn RAZOR duorc st dung dé do dac phan bé liéu theo d6 séu va theo
phuong ngang. Tir céc két qud do dac, nhém nghién ciru khdo séat sw khac nhau dbi véi cac théng sbé burc
xa dwoc do t hai loai d4u do trén.

Két qua: C6 sw khac nhau dang ké trong céc théng sé birc xa duoc khdo sat dbi véi bubng ion héa
CC13 va diode ban ddn RAZOR, déc biét la kich thuéc ving bén da. Béi véi PDD, sw khac nhau nhé hon
5% ter d6 sdu d | toi 30 cm, tuy nhién sw khac nhau tré Ién Ion hon & vang build-up, 1én t&i 33% tai bé mat
phantom nuéc. D6 rong ving ban da do duoc béi CC13 luén Ién hon so véi RAZOR, ti sé vé db rong ving
bén da gitra hai loai d4u do nay la 1,8 va 1,3 tuong tng cho néng luong 6 MV va 15 MV.

Két luan: Diode bén ddn RAZOR phu hop hon buéng ion héa CC13 khi do dac phén bé liéu theo dé séu
va theo phuong ngang déi véi cac trirong chiéu nhé.

Ttr khéa: truong chiéu nhé, bubng ion héa, diode bén dén, do liéu.

ABSTRACT
INVESTIGATIONS OF RADIATION PROPERTIES OF THE CC13 IONIZATION
CHAMBER AND THE RAZOR SILICON DIODE IN SMALL PHOTON BEAMS FOR

CLINAC IX LINEAR ACCELERATOR
Vu Ngoc Tu”, Vo Thanh Nhon', Pham Thi Mai’

Purpose: Compare percent depth dose (PDD) and off-center ratio (OCR) measured by the CC13
ionization chamber and the RAZOR silicon diode in small photon beams.

Method and Materials: Some dosimetric characteristics, such as PDD, OCR, penumbra and radiation
field size, were considered in this study for 2x2, 3x3, and 4x4 cm? field sizes. We used the CC13 jonization
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chamber and the RAZOR silicon diode to measure dose distribution with depth along the axis and off-center
of the beam. From the results obtained, the team investigated the differences in radiation parameters mea-
sured by the two types of probes above.

Results: There are significant differences in the radiation parameters investigated for the CC13 ioniza-
tion chamber and the RAZOR silicon diode, especially the width of penumbra. For PDD curves, the differ-
ence is less than 5% from d__ to 30 cm, however the difference becomes greater in the build-up region,
which reaches to 33% at the water phatom surface. The width of penumbra measured by CC13 is always
larger than that of RAZOR, the ratio of the penumbra width between two detectors is 1.8 and 1.3 for ener-

gies of 6 MV and 15 MV, respectively.

Conclusion: The RAZOR silicon diode has better dose response than the CC13 ionization chamber for
measuring the PDD and the OCR in small photon beams.
Key words: small photon beam, ionization chamber, silicon diode, dosimetry.

I. PAT VAN PE

Céc k¥ thuat xa tri tién tién nhu xa tri diéu bién
cuong do chum tia (IMRT), xa ph?iu dinh vi (SRS),
xa tri diéu bién thé tich (VMAT) st dung céc truong
chiéu c6 kich thuéc nhé dé phan bd lidu buc xa t6i
thé tich xa tri v&i do chinh xéc cao déng thoi van
dam bao an toan cho cac mo lanh xung quanh [2, 4,
7, 8]. Dir liéu burc xa cua cac truong chiéu nho duoc
thu thap trong qua trinh lam commissioning va dua
vao hé thong 1ap ké hoach xa tri (TPS). Do vay do
chinh xéc cua cac dir liéu nay s& anh huong dén do
chinh xac phéan bd liéu Ién thé tich chiéu xa [5]. Tuy
nhién dé xac dinh chinh xac dic trung birc xa cua
cac truong chiéu nho 1a mot thach thirc boi nhimng
dic tinh ¢4 hitu cta loai trudng chiéu nay ciing nhu
ctia thiét bi do. Nhitng dic tinh nay bao gdm mat can
béang dién tich theo phuong ngang (Lateral Charged
Particle Equilibrium - LCPE), suy giam liéu lugng
rat nhanh & mép trudng chiéu, mot phan ngudn pho-
ton so cép bi che khudt boi thiét bi dinh dang chim
tia, hiéu (mg 1dy trung binh thé tich khi do dac, kich
thudc cua dau do twong ddi 16n so véi kich thude
truong birc xa [1], [3], [9]. VOi mong mudn nghién
ctru vé phan b liéu birc xa clia cac truong chiéu nho
theo phuong ngang va theo do sau, nhom tac gia da
tién hanh do dac cac dai luong nay boi budng ion
héa CC13 va diode ban din RAZOR trén hé may
gia toc tuyén tinh xa tri Clinac iX.

II. POI TUQONG VA PHUONG PHAP
NGHIEN CUU

2.1. Thu thap dir liéu birc xa

Dir liéu PDD va OCR duogc thu thap cho may
gia toc tuyén tinh xa tri Clinac iX st dung MLC

106

120 1a voi suét lidu 300 MU/phut. Cac trudng birc
xa 2x2, 3x3 va 4x4 cm? dugc st dung trong nghién
ctru v6i hai mtre nang lugng chum photon 6 MV va
15 MV, d6 sau lidu cuc dai (d,,) tuong tmg cua hai
muc nang lugng photon la 1,6 cm va 2,8 cm. Phép
do duoc thuc hién véi khoang cach tir nguén chum
photon t6i bé mat phantom nude (SSD) 1a 100 cm.
Budng ion héa CC13, Stealth va diode ban din RA-
ZOR duogc st dung dé thu thap dir liéu. Hai buéng
ion hoa CC13 dugc két hop v6i nhau trong qua trinh
do dac, trong d6 budng ion héa CC13 dong vai trd
dau do tham chiéu s& duge dit & gbc cua truong
birc xa 2x2 cm?. Buf")ng jon hoa Stealth, dugc ché
tao tur vat licu trong sudt véi buc xa, dugc gén trén
dau may c6 vai tro 1a dau do tham chiéu két hop véi
diode ban din RAZOR. Dit liéu PDD dugc do tir do
sau 30 cm t6i bé mat nude, OCR duge do ¢ cac do
5,10, 20 va 30 cm.

sau d

max’

Hinh 1: May gia téc Clinac iX va hé do,
buong ion héa CC13 (a), diode ban din RAZOR (b)
va buong ion héa Stealth (c).

2.2. Phan tich dir liéu PDD va OCR
Dit liéu PDD dugc chuin héa tai d_ ., sau do

nhom nghién ctru so sanh sy khac nhau gitta PDD
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do dac boi CC13 va RAZOR trong khoang d¢ sau
tir 30 cm t6i bé mit nude. Dit lidu OCR dugce chuan
hoéa tai diém ndm trén truc chinh ctia chum tia, s
khac nhau trong dif lidu giira hai loai dau do s& duoc
lay trén khoang do dac téi thiéu bang 1,5 lan kich
thudc trudong chiéu. Tur dix liéu OCR, kich thudc
truong birc xa theo phuong do dac dugce tinh bang

d6 rong ctia duong OCR ma tai d6 no c6 gia tri 50%,

III. KET QUA NGHIEN CUU
3.1. So sanh liéu sdu phin trim

vung ban da dugc tinh 1a khoang cach gitra gia tri
80% va 20% cua OCR, sau d6 d0 rong cta vung ban
da dugc tinh 1a gia tri trung binh cua hai bén trai,
phai ctia duong OCR. Sy khac nhau vé dit liéu do
dac gitra hai loai dau do duoc tinh theo cong thuc:

, - (Dirlidu CC13-Ditliéu RAZOR 7
St khc nhau (%) = il —— L 00%
! Dit lieu RAZOR

2 = & MV, FS 282 emd 25 15 MY, FS 2x2 cm?
F 1 i = I20
= s . s 4L 4 i —
15 g 1) =013 = RAZOR 20 i S oo COLY = BRAZOR
— E 2] | - E B0
- s .
= 1 £ o0 ¥ o 1548 4 s
E lI:r--I 2 a0 f a8 | § a0 §
b - -2 20 @ H § 20 H
- = 'j‘l‘. 100 4 1 =5
2 i 0 .
- - 0 500 100 150 200 250 300|| = ' o 50 100 150 200 IS0 %00
e t E3G sdae {emiml 5 ': ¥ adia {rana)
Y h |
i}
W . H"“-’-—-“'ﬂ"'\
Wﬂhj b \\\.—.—-’\N gt
=5 ¥ ' P ¥ ' 1 T T T T - 1
o =0 100 150 200 250 300 0 30 0¢ 130 200 2 300
Ex sdinn (i) B sfn {mm)
& MV, FS3x3 cm? 25 - 15 MV, FS 3x3 cm?
15 4 _ = |20
£ 10 £ = CC13 = RAZOR
E 100 = CC13 - RAZOR 20 = 100
=
—_ 5 g
< B0 = =
16k = 3 & 1 -
= 2 60 i = 154 2 oo d
=
£ E a0 H E:| 1 F a0}
= 2 oy
¥ | . ] 2 10 "it £ 20
g2 54 i - 4 =
& 1 ] = t ] )
= o S0 1od 150 200 250 300 || & t 0 50 100 150 200 250 300
UE" 9 =du {ms ) % i' B mdi donemh
¥ 04
""'h_.,-f\. %
W o k‘w-_’./—_’.-ﬂ"— A ._-_._p!.f—'
'-.I-J
W
-5 — — - : e ey v .
a S0 100 150 200 250 300 Q 0 100 130 200} 250 300
B s (muam )y B sdu ()
6 MV, FS4x4 cm? 15 MV, FSdx4 cm?
ELE — . 25
£ 120 g . 120 -
304 £ 100 = CC13 = RAFOR o0 = O3 = RAFOR
4 g1
P = s 204 E
£ - 3 [ .-
= 1 . . s &0
= 20 'a 4 E 15 4 i an ¥
= -E 20 = £ 20 i
g '-*'] - & =7
= L 168 = ]
; 1044 0 S0 100 150 200 250 300 E !II o S0 100 150 20 3500 300
% X s () 3 ) o zdba (b
5 o
5 3
54t x
L]
7 M ® W‘h
--4' - T T x T T ol T L} T T T L] T L}
4] =0 (fEA] 150 200 250 il L) 50 ([ 150 i) 250 %00
Exp sivu {noam) B sdin (i)

Hinh 2: Puong liéu sdu phan tram (phia trén, bén phai) va si khdc nhau doi véi CC13 va RAZOR.
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3.2. So sanh ti so lieu ngoai truc
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Hinh 3: Ti s6 liéu ngodi truc doi véi truong chiéu 2x2 cm2 tai do sau dmax, 10, 30 cm (phia trén,
bén phdi) va su khdc nhau doi véi CC13 va RAZOR.
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Hinh 4: Ti sé liéu ngodi truc doi véi truong chiéu 3x3 cm2 tai do sau dmax, 10, 30 cm (phia trén,
bén phdi) va su khdc nhau doi véi CC13 va RAZOR.
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Hinh 5: Ti s6 liéu ngodi truc doi véi truong chiéu 4x4 cm2 tai d¢ sdau dmax, 10, 30 cm (phia trén,
bén phai) va s khdc nhau doi véi CC13 va RAZOR.
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3.3. So sanh kich thwée ving ban da
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Hinh 6: Kich thurde viing ban da déi véi CC13 va RAZOR.
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3.4. So sanh kich thwée truwdng bire xa
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Hinh 7: Kich thiedc triong bire xa déi véi CC13 va RAZOR.
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IV. BAN LUAN

Su khac nhau vé phan bd lidu theo do sau trén
truc chinh ctia chum tia déi v6i ning lugng 6 va 15
MV cho dau do CC13 va RAZOR dugc biéu dién
trén hinh 2. Nhin chung, duong PDD twong dong
cho ca hai loai dau do ngoai trir ving build-up. Sy
khac nhau tang trd 161 bé mat phantom nudc, 1én
dén 33%. Cu thé 1a trong ving build-up, tin hiéu thu
nhén ctia CC13 luon 16n hon RAZOR. Hién tugng
nay la do anh hudng cua kich thude dau do, véi kich
thudc twong dbi 16n ma budng ion héa nay cho tin
hi€u thu dugc 16n hon gia tri thyc [7]. Trong vung tur
d_ t61do sau 30 cm, sy khac nhau khong qua 5%.

Phén bb lidu theo phuong ngang c¢6 su khac biét
16n ¢ ngoai vung truong chiéu, dic biét 1a trong
vung ban da, diéu nay dugc thé hién trén cac hinh 3,
4, 5. Sy khac biét 16n trong vung ban da cé khuynh
huéng giam theo d6 siu ctia mit phing do. Nguyén
nhén nay co thé dugc gidi thich khi d¢ sau do dac
cang tang thi kich thudc truong buc xa cang lon, do
vay anh huong cua thé tich cua diu do CC13 dén
két qua do ciing giam theo. O ngoai ving truong
chiéu, d6i v6i nang lwong 6 MV, thong sé OCR cia
RAZOR 16n hon so v6i CC13, nguyén nhan la trong
ving nay, chi yéu Ia cic thanh phan birc xa tin xa tir
dau may hodc tir nhitng ving thé tich phantom xung
quanh, diy 1a nhitng thanh phan ning luong thép.
Diode ban dan c6 d6 nhay cao, ning luong dé giai
phong mét cap dién tir - ion dwong trong chit ban
dan vao c& 3,6 eV, trong khi gia tri nay ciia budng
ion hoa dang khi xap xi 34 eV [6]. Tuy nhién, thong
s6 OCR ctia RAZOR lai nho hon so voi CC13 o
ngoai ving truong chiéu ddi voi nang luong 15 MV,
diéu nay co thé duoc giai thich do thanh phan phd
ning lugng ciia blic xa tan xa tir ddu may va cac
phan thé tich phantom xung quanh dich chuyén vé
phia nang lugng cao.

Kich thuéc vung ban da la thong s6 thé hién sy
khac biét 1on gitra diu do CC13 va RAZOR khi do
dac trong ving nay. Hinh 6 chi ra rang kich thudc
ving ban da dbi voi CC13 ludn 16n hon RAZOR
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cho ca hai mirc nang luong 6 MV va 15 MV. Ti sd
trung binh vé kich thudc ving ban da do duoc bai
CC13 so v6i RAZOR la lan luot 12 1,8, va 1,3 tuong
g cho ning lugng 6 MV va 15 MV. Hiéu tng liy
trung binh theo thé tich ctia dau do ludn ton tai trong
vung ban da, dau do co thé tich cang 16n thi anh
hudng cua hiéu tng ndy cang cao. Khi dau do co
kich thudce 16n so véi bé rong vung ban da, hiéu tng
lay trung binh theo thé tich khién cho ti s6 tin hiéu
do duoc & ving nay so voi diém nam trén truc chinh
nhé hon thuc té, diéu nay khién cho do rong vung
bén da tang lén.

Kich thudc truong birc xa khi do bang CC13 va
RAZOR c6 sy khac nhau khong dang ké. Hinh 7
cho thdy kich thudc trudng buc xa twong dong nhau
dbi voi cac phép do & do sau khac nhau cho ca hai
muc nang lugng 6 MV va 15 MV.

V. KET LUAN

Tir nhitng két qua do dac cho thiy véi cing mot
thong sb birc xa duoc khéao sat thi diode ban din
RAZOR va budng ion hoa CC13 thé hién su chénh
lech trong két qua do dac ¢ nhitng mirc do khac
nhau. Anh huéng do hiéu tng thé tich ciia CC13 16n
hon so v6i RAZOR dbi véi cac truong birc xa 2x2,
3x3, 4x4 cm? trong nghién ctru cua ching t6i. Do
vay diode ban din RAZOR sé& phu hop hon budng
ion hoa CC13 trong phép do ddi véi cac truong

chiéu nho.

VI. KIEN NGHI

Nhom nghién ctru da thye hién khao sat véi mot
s6 truong birc xa o kich thude nho, tuy nhién can
thuc hién thém khao sat nay cho mét sb truong birc
xa 16n hon dé danh gia mac d6 phu hop cia ting
loai dau do. Sau d6 can tién hanh mo hinh hoa hai
méy gia toc tuyén tinh xa trj twong tng voi dir liéu
duoc khao sat tir hai loai dau do trén hé théng lap ké
hoach xa tri va tién hanh QA ké hoach trén phantom
nham khao sat mtrc do phu hop cua két qua phan bd

lidu lap ké hoach so véi do dac.
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