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Collimator, gantry va ban dleu tri trong may gia toc tuyén tinh 1a nhitg b phan quan
trong dung trong xa tri. Sy 6 6n dinh vé chuyén dong co khi ciia ba thanh phan néi trén
1a mot trong cac yéu th quan trong anh huong td1 viée diéu tri. Nghién ctru ndy tap trung
vao van dé¢ kiém tra do dong tdm co khi va géc quay cta ban didu tri, gantry va
collimator. Phép do s& duoc dbi chiéu véi gidi han cho phép ciia khuyén nghi quoc té
AAPM TG-198 va AAPM TG-142 lan luot 1a 1° va lmm. Cac két qua phép do déu thoa
cac khuyén nghi qudc té ngoai trir tim quay cua gantry. Cac nha vat li y khoa tai co s&
can phdi hop voi ki su hdng may xem xét va khic phuc su sai khac nay dé tranh anh
hudng 16n dén két qua diéu tri. Lién quan dén may LINAC, hién Viét Nam chi co Thong
tu 15/2017/TT-BKHCN vé kiém dinh c4p phép hoat dong chir chua cé quy dinh vé dam
bao chat lwong dinh ki ciing nhu kiém tra danh gia ngoai. Khuyén nghi cac van ban nay
can duoc nghién ctru va ban hanh trén co s¢ bang ching khoa hoc dd ban hanh trén thé
gidi, gop phan cai thién chat luong diéu tri bénh ung thu ciia Viét Nam.
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Tur khoa

xa tri, gia tdc tuyén
tinh, ¢&am bao chat
luong, kiém tra co khi,
vat li y khoa

néu tim ctia cac bd phan nay bi léch s& dan dén xa tri sai
vi tri cta ké hoach diéu tri, dAn dén khong dat duge muc
dich diéu tri, khong nhitng vy, con gdy anh hudng
nghiém trong dén cac co quan lanh xung quanh va co
quan lanh s& nhan liéu khong mong muén (Hinh 1).

PTV Coverage

1 Gidi thi¢u
May gia toc tuyén tinh (LINAC) ra doi 1a budc phat trién
quan trong trong linh vuc y té noi chung va cho cong
viéc xa tri noi riéng. May LINAC duoc thiét ké nham
muyc dich dung cho xa tri - diéu tri ung thu va duoc st
dung rong rai. Cac nha vat 1i y khoa 1am sang c6 nhi¢ém 5
vu kiém tra dinh ki cho thiét bi nay ludn dat chét lugng | _
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khi cung cip birc xa. Cong viéc ndy phirc tap va can sy
chinh x4c cao trong tirng phép kiém tra vé co hoc ciing
nhu vé liéu, va mdi phép kiém tra phai tuén tha theo quy
trinh va sai s6 dd dugc quy dinh hodc khuyén nghi trong
cac van ban nghé nghiép nhu Task Group 198 [2] va
Task Group 142 [3] ciia The American Association of
Physicists in Medicine. Trong d6, Task Group 142
khuyén nghi cac phép kiém cing tin sudt ciia nd, con e . - I i e
Task Group 198 khuyén cao vé thiét bi va phuong phap
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thyc hién cho cac phép kiém.
Trong cac khuyén nghi trén déu c6 dé cap tdi phép kiém
tra d¢ dong tdm va goc quay cua ban bénh nhén, gantry
va collimator. Pay 1a phép kiém tra co khi quan trong, vi

Hinh 1 Anh huéng ciia viéc diém dong tim cua may gia
téc tuyén tinh bi 1&ch (tir 1éch tdm quay va goc quay) lén
kha ning bao phu khéi u khi xa tri, khi diém dong tam nay
léch trén 1 mm, d6 bao phii nay bi anh hudng nhiéu, c6 thé
1én dén 20%. [1]
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Nghién ciru nay thyc hién phép kiém tra d6 dong tam
co khi va goc quay cia may LINAC, phép do s€ duoc
db6i chiéu v6i gisi han khuyén nghi cia AAPM lan luot
la1°va 1 mm.

2 Péi twgng va phuong phap

2.1 Péi tuong

Nghién ctru dugc thyc hién trén may gia toc tuyén tinh
LINAC str dung cac dung cu kiém tra do dong tam va
gdc quay, ciing nhu thude thuy (Hinh 2e.) dé kiém tra
d0 can bﬁng, mo ta chi tiét cia cac dung cu, thiét bi nay
duoc dién dat sau day:

2.1.1 Dung cu kiém tra d6 dong tdm va goc quay cho
collimator va ban bénh nhan (Hinh 2a.): dugc thiét ké
boi nha vat i y khoa cuia co so, dung cu nay 1a hai tam
nhya hinh vuong c6 kich thudc 45 cm x 45 cm x 2 cm,
trén bé mat 1a cac 6 vudng dong tdm va duong
crosshair. Cac 6 vudng nay lan Iuot c¢6 canh bang (5,
10, 20, 30, 40) cm. Sai s6 dung cu nay dong gop khi do
chénh léch truong sang va chénh léch goc co khi lan
luot 1a 0,1 mm va 0,1 do.

Hudng Gun

Huong ngugc
chiéu kim déng

Hudmg Target

Hinh 2 Céc hinh anh thiét bi (a) kiém tra d6 ddng tam, (b) goc quay ciia may LINAC, (c) dinh vi diém (Pointer)
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2.1.2 May LINAC (Versa HD, Elekta AB, Stockholm)
(Hinh 2b.): nhin tir hudng ban diéu tri trd v dau may
gia toc (gantry) gdm: huéng dau may gia téc 1a huéng
gun va hudng nguoc lai 1a hudng target, huéng bén
phai 1 hudng cung chiéu kim dong hd va nguoc lai
hudng bén trai 1a huéng nguge chiéu kim dong hd. Cac
dinh nghia hudng nay dugc minh hoa trong Hinh 2d.

2.1.3 Dung cy kiém tra d6 ddng tim va géc quay cho
gantry: bao gém 2 loai thiét bi, dau tién 1a “dung cu
dinh vi diém (pointer) gan vao gantry” (Hinh 2c.) 1a
mot tru st dai c6 phan chan hinh vudng, thiét bi nay s&
duogc gin trén khay phu kién cua LINAC. Dau pointer
6 thé di chuyén ra vao mot khoang cach nhd, trén
pointer s& co vach chi thi khi dau thiét bi nay di chuyén
dén SSD = 100 cm. Thiét bi thir hai 1a “dung cu dinh vi
diém (pointer) dat trén ban bénh nhan” (Hinh 2b.) 1a
mdt dung cu dugce thiét ké bai cac nha vat 1i y khoa tai
co s, thiét bi nay dai dién cho diém dong tdm co khi
cia may trong qua trinh kiém tra. Tong sai s6 dung cu
nay dong gop khi do chénh I¢ch trudng sang va chénh
léch goc co khi lan luot 14 0,1 mm va 0,1 do.

gén vao gantry , (d) dinh vi diém (Poniter) dit trén ban bénh nhan, (e) Thudc thay

2.2 Phuong phap

Trudce khi thuc hién cac phép kiém tra, can diéu chinh
gdc quay cua gantry, collimator va ban diéu tri vé 0°
bang cach dbi chiéu vai thong tin trén bang hién thi
méay LINAC (Hinh 3). Cac két qua ghi nhan duoc so
sanh v6i giéi han duoc khuyén nghi trong van ban TG
- 198 ctia AAPM 1a + 1 mm dbi véi do léch tim quay
va +1° d6i voi do 1éch goc quay.

[ ]
w/ Pai hoc Nguyén T4t Thanh

NGUYINTATTEANE

ot el

Hinh 3 Man hinh hién thi ctia may Linac
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2.2.1 Phuong phép kiém tra tAm quay va goc quay cua
ban bénh nhan
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Hinh 4 Quay ban diéu tri.
Dit thiét bj kiém tra d6 ddng tdm 1én ban bénh nhan va
tién hanh nang ban sao cho SSD = 100 cm. M¢ truong
sang 40 cm X 40 cm, dat tam cua thiét bi do ndm trung
v6i tim truong sang. Sau d6, tién hanh quay ban bénh
nhan 1an luot theo goc 45° va 90° theo chiéu ngugc
chiéu kim dong ho, sau d6 1an luot theo goc 45° va 90°
theo chiéu kim déng hd. O mdi vi tri ban bénh nhan,
ghi nhan d¢ 1éch gitta tdm thiét bi kiém tra va tim cta
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truong sang, ghi nhan do léch giita goc quay trén thiét
bi do va géc quay trén man hinh hién thi.

2.2.2 Céch kiém tra tim quay va goc quay clia gantry
Thiét 1ap thiét bi pointer dat trén ban bénh nhan tring
v6i tim truong sang, di chuyén do cao ban bénh nhan
sao cho dau cua thiét bi nay ¢ vi tri SSD = 100 cm. Tién
hanh gin pointer vao gantry, di chuyén phan dau cua
pointer dwoc gin & trén gantry dén vi tri SSD = 100 cm,
khi d6 hai ddu cua pointer & gantry va pointer ctia ban
bénh nhan s& cham nhau. Sau cac budc thiét lap thiét bi,
tién hanh quay gantry theo cac goc 90° nguoc chiéu kim
dong hd, 180° nguoc chiéu kim ddng hd va 90 © theo
chiéu kim ddng hd, 180 ° theo chiéu kim dong hd. Sau
mdi 1an quay gantry ding thudc thuy kiém tra do
nghiéng ciia gantry va ddi chiéu voi bang hién thi, ghi
nhan su chénh léch goc quay, ghi nhan d¢ 1éch gitra hai
dAu cta hai pointer & mdi goc quay gantry lam két qua
ctia phép kiém tam quay.

@

Hinh 5 Quay gantry dé thuc hién phép kiém tra goc quay ctia gantry va thudc thily can

2.2.3 Céch kiém tra tm quay va goc quay ctia collimator
bit thiét bi kiém tra do déng tdm va goc quay tai vi tri
tam cua truong sang, dat truong sang voi kich thude 40
cm x 40 cm. Tién hanh quay collimator lan lugt theo
cac goc 45° va 90° nguoc chiéu kim dong hd, sau dé 1a
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3 Két qua

Két qua cua phép kiém tra do 1éch tdm quay va do léch
gbc quay lan luot dugce trinh bay & Bang 1, Bang 2.

Trong Bang 1, két qua do: i) do 1éch ctia tim quay ban
bénh nhan khi quay so v6i giao diém cua tdm quay

goc 45° va 90° theo chiéu cung chiéu kim dong hd. Sau
mdi 1an quay collimator, ghi nhan d6 1éch giira tim thiét
bi kiém tra va tdm cua truong sang, ghi nhan dg Iéch
gilta goc quay trén thiét bi do va goc quay trén man
hinh hién th.

Hinh 6 Trudng sang collimator khép véi bang do goc va bang hién thi

collimator — gantry; ii) do 1€ch ciia tim quay collimator
khi quay so vdi giao diém ciia tim quay ban bénh nhan
— gantry; va iii) d¢ 1éch cua gantry ghi xoay so véi giao
diém cua tim quay ban bénh nhan — collimator 1an luot
dugc trinh bay va so sanh véi khuyén nghi + 1 mm.
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Bang 1 Két qua do léch tim quay cua ban bénh nhan, collimator va gantry (mm)

w Ban bén nhin Collimator Gantry
Chiéu quay (d9) 45 90 45 90 90 180
Chiéu kim dong ho 0,5 0,5 0,3 0,5 1,0 0,0
Yéu ciu chéip nhén Dat Dat Dat Dat Dat Dat
Nguoc chiéu kim dong hd 0,0 0,7 0,5 0,3 2,0 0,3
Yéu ciu ché"lp nhéin Pat Pat Pat Pat Khong dat Pat
Bang 2: Két qua do 1éch goc quay cua ban bénh nhin, collimator va gantry (do)
-w Ban bén nhéan Collimator Gantry
Chiéu quay (d9) 45 90 45 90 90 180
Chiéu kim dong hd 0,5 0,0 0,2 0,3 0,8 0,1
Yéu ciu chip nhin Pat Pat Pat Pat Dat Dat
Nguoc chiéu kim dong hd 0,5 0,5 0,2 0,2 0,1 0,1
Yéu ciu chﬁp nhéin Pat Pat Pat Pat Khong dat Pat

4 Ban luan

Dua vao két qua & Bang 1 va Bang 2, c6 thé thiy cac
két qua déu nam trong pham vi khuyén nghi ngoai trir
mot phép kiém. Dé biét rd nguyén nhan gay ra do léch
nay, can toi sy can thiép cua ki su hing san xuét ciing
v6i nha vat 1i y khoa tim hiéu nguyén nhan, néu may
LINAC khéng con hoat dong dung theo thong sé ban
dau thi nén c6 danh gia mic d6 anh hudéng cua cac sai
léch nay 1én qua trinh diéu tri. Mot s6 1i do c6 thé gay
ra cac sai 1éch & thoi diém hién tai. TAm quay va goc
quay ctia ban bénh nhan cé sy sai 1éch so véi thong s6
kiém tra chip nhan ban ddu do hé co khi di chuyén
cua ban hoat dong da lau ngay, kha nang phan Gng
chinh xac véi tin hi¢u 1énh dan suy giam. May LINAC
duoc dat ¢ tang hAm, noi c6 hé thong mach nudc ngdm
bén dudi ¢6 nguy co 1am 1éch san. Piéu nay ciing co
thé 1am cho ban bénh nhan khong hoan toan can bang.
Tam quay va goc quay cua gantry bi 1éch do hao mon
khi st dung ¢ b0 phan déi trong cla dau may. B phan
doi trong bi hao mon thuong 1a do hao mon tu nhién
hodc sau qua trinh tring tu sira chita, théo lap thi chua
duoc can chinh chinh xac.

Déi véi tim quay va gbc quay cua collimator bi 1éch
vi dau gantry ning nén s& bi kéo xudng, din dén tam
quay va goc quay cua collimator bi I¢ch. Phuong phap
hién tai khi kiém tra collimator chi dung lai ¢ cac goc
quay 45° va 90° theo chiéu kim dong hd va nguoc
chiéu kim dong ho, nhung khéng kiém tra tim quay
va gboc quay 135° hodc 180°, thuc té collimator c6 thé
quay duoc nhidu gbc hon so véi cac goc quay da néu,
tac gia s& bd sung viéc kiém tra & cac goc quay khac
dé co6 thé danh gi4 chinh x4c hon tinh trang ciia hé co
khi collimator.
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Phuong phap hién tai chua xac dinh dugc céc sai s6 hé
thdng co6 thé phat sinh khi thiét 1ap thiét bi hoic do con
ngudi gy ra trong qua trinh st dung. Trong luc thiét
1ap thiét bi ciing c6 thé xay ra sai vi tri do mdi nguoi s&
c6 mdt goc nhin khac nhau, va khi thyc hién kiém tra
thi thiét bi c6 thé bi xé dich bai ngudi lam phép kiém
tra, gay nén d6 1éch nhé cho phép kiém tra.

Cac khuyén cao qubc t& vé cong viéc kiém tra thiét b
dinh ki may LINAC (AAPM TG 198 [2] va AAPM TG
142 [3]) 14 céc cong trinh dugc dic két tir tan suat xay ra
cac sai sot cu thé va kha nang phat hién sém cac sai sot
nay [5,6]. Vi vay, tham khao va thuc hién theo cac
khuyén cao nay la viéc nén lam & cac khoa xa tri. Hién
nay, mot s6 bénh vién da thuc hién phép kiém tra tAm
quay co hoc va gdéc quay cua ban bénh nhéan, gantry va
collimator dugc thuc hién mdi quy pht hop véi khuyén
cao cua quéc té. Tuy nhién, cong tac nay hién tai hoan
toan la ty nguyén chtr chua dugc quy dinh tai van ban
phép luat nao tai Viét Nam. Hién Viét Nam chi dang st
dung Théng tu 15/2017/TT-BKHCN [4] quy dinh vé
kiém dinh dé cip phép st dung, khong c6 quy dinh nao
vé dam bao chat lwong dinh ki. Mit khac, Thong tu nay
c6 cac phép kiém tra cho may LINAC nhung chi dimng
lai & cac phép kiém tra co hoc vé d6 chinh xac ctia goc
quay cua collimator, gantry va ban bénh nhan, d6 chinh
xac cua laser, va chuyén dong cua ban diéu tri nhung
chua dé cap téi tim quay co hoc cua ban diéu tri,
collimator va gantry. Tac gia khuyén nghi cac co quan
c6 tham quyén nghién ctru va ban hanh: (1) quy dinh vé
dam bao chat luong dinh ki cho may LINAC, trong d6
quy dinh tin sudt cac phép do phai thuc hién, phuong
phap do phu hop véi timg tan suat, ngudn nhén luc thyc
hién va (2) quy dinh vé kiém tra danh gia ngoai cong tac
dam bao chat lugng dinh ki nay. Hai van ban nay néu
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duogc nghién ctru soan thao trén co s¢ bang chimg khoa
hoc da ban hanh trén thé gioi [2,4,5] s€ gop phan cai
thién chat lugng xa tri ti€ém can véi cac quoc gia khac.

két qua. Cac nha vat li y khoa tai co s& can phéi hop voi
ki su hing may xem xét va khic phuc sy sai khac nay dé
tranh anh hudng 16n dén két qua diéu tri. Lién quan dén

may LINAC, hién Viét Nam chi c6 Thong tu 15/2017/TT-
BKHCN vé kiém dinh cap phép hoat dong chir chua c6
quy dinh vé dam bao chat lugng dinh ki ciing nhu kiém
tra danh gia ngoai. Khuyén nghi cac vin ban nay can dugc
nghién ctru va ban hanh trén co sé bang chimg khoa hoc
da ban hanh trén Thé gidi, gop phan cai thién chat luong
diéu tri bénh ung thu ctia Viét Nam.

5 Két luan

Nghién ctru nay thuce hién do dac va phén tich két qua cia
phép kiém tra co hoc vé do dong tim va goc quay cua
gantry, ban bénh nhan va collimator cho may gia tbc
tuyén tinh (LINAC) dung trong xa tri. Cac phép do déu
thoa cac khuyén nghi qudc té twong tmg, ngoai trir mot
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Evaluation of the mechanical isocenter and rotational angles of collimator, gantry, and patient
couch in linear accelerator

Anh Tung Hoang - hatung@ntt.edu.vn

Faculty of Medicine, Nguyen Tat Thanh University

Abstract Collimator, gantry and the couch are some of the important components used in radiotherapy. The
mechanical stability of aforementioned components is one of the important factors affecting treatment outcome.
This study focuses on evaluate the mechanical isocenter and rotational angles in linear accelerator. Measurements
were compared to international recommendation from AAPM TG-198 and AAPM TG-142, which are 1° and Imm,
respectively. Most of results is in accordance with recommendations except one. Medical physicists need to work
with manufacturer’s engineer to identify the root causes. In terms of national regulations for linear accelerators,
currently Viet Nam has only issued Circular 15/2017/BKHCN on declaration of standard conformity and technical -
regulation conformity and methods for conformity assessment. Regulation on the quality assurance and external
audit which is crucial for quality management has not been issued. Authors recommend that these documents
should be drafted based on the reviewed scientific evidence.

Keywords Radiotherapy, linear accelerator, quality assurance, mechanical evaluation, medical physics
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