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ToOm tat
Collimator, gantry va ban diéu tri trong may gia toc tuyén tinh 1a nhitng bo phén quan
trong dung trong xa tri. Sy 6 6n dinh vé chuyén dong co khi ciia ba thanh phan néi trén
12 mot trong cac yéu to quan trong anh hudng tdi viée diéu tri. Nghién ciru nay tap trung
vao van dé kiém tra do dong tam co khi va géc quay cua ban diéu tri, gantry va
collimator. Phép do s& dugc ddi chiéu vai gidi han cho phép ciia khuyén nghi quoc té
AAPM TG-198 va AAPM TG-142 1an lugt 14 1° va Imm. Cac két qua phép do déu thoa
cac khuyén nghi qudc té ngoai trir tim quay cuia gantry. Cac nha vt I y khoa tai co s¢
can phéi hop vé6i ki su hing may xem xét va khic phuc su sai khac ndy dé tranh anh
hudng 16n dén két qua diéu tri. Lién quan dén may LINAC, hién Viét Nam chi cé Thong T khda
tu 15/2017/TT-BKHCN vé kiém dinh cap phép hoat dong chir chua c6 quy dinh vé dam xa tri, gia tde tuyén
bao chét luvong dinh Ki ciing nhu kiém tra danh gia ngoai. Khuyén nghi cac vin ban nay tinh, dam bao chét
can dugc ngnlen clru va ban hanh tren CO SO bang chirng khoa hoc da ban hanh trén thé lugng, kiém tra co khi,
gidi, gop phan cai thién chat lwong di€u tri bénh ung thu cua Viét Nam. vat 1i y khoa
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1 Gi6i thiéu néu tAm cua céc bd phan nay bi l&ch s€ din dén Xa tri sai
vi tri cuia ké hoach diéu tri, dan d&én khong dat dugc muc
dich diéu tri, khong nhiing viy, con gdy anh hudng
nghiém trong dén cic co quan lanh xung quanh va co
quan lanh s& nhan liéu khéng mong mudn (Hinh 1).

May gia tdc tuyén tinh (LINAC) ra doi 1a budc phat trién
quan trong trong linh vuc y t& néi chung va cho cong
viéc xa tri ndi riéng. May LINAC dugc thiét ké nham
muc dich dung cho xa tri - diéu tri ung thu va duogc str
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dung rong rai. Cac nha vat li y khoa lam sang c6 nhiém 5
vu kiém tra dinh Ki cho thiét bi nay luon dat chat lugng 0: e ]
khi cung cap burc xa. Cong viéc nay phurc tap va can sy ] ! i

chinh x4c cao trong timg phép kiém tra vé& co hoc ciing
nhu vé liéu, va mdi phép kiém tra phai tuan thi theo quy
trinh va sai s6 di duoc quy dinh hodc khuyén nghi trong
cac van ban nghé nghiép nhu Task Group 198 [2] va
Task Group 142 [3] cua The American Association of
Phy5|C|sts in Medicine. Trong do, Task Group 142
khuyén nghi cac phep kiém cung tAn suét cua no, con e o s T s T

Task Group 198 khuyén c4o vé thiét bi va phuong phap . , Average Radius of Isocentre Shift (nm)
thue hién cho cic phép kidm I—[lnh 1 Anh huong cua viéc di€ém dong tam cua may gia
; ; phep : toc tuyen tinh bi I&ch (tir [éch tdm quay va goc quay) Ién
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Trong céc khuyen nghi trén déu c6 dé cép t6i phép kiém kha nang bao phu khéi u khi xa tri, khi diém déng tam nay
tra 6 dong tam va goc quay ctiia ban bénh nhan, gantry [éch trén 1 mm, do bao phu nay bi anh huéng nhiéu, c6 thé
va collimator. Pay la phép kiém tra co khi quan trong, vi 1én den 20%. [1]
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Nghién ctru nay thyc hién phép kiém tra d6 dong tim
co khi va goc quay cia may LINAC, phép do s€ dugc
dbi chiéu voi giéi han khuyén nghi cia AAPM lan luot
la1°valmm.

2 Pbi twong va phwong phap

2.1 Dbi tuong

Nghién ctru duge thuc hién trén may gia toc tuyén tinh
LINAC st dung cac dung cu kiém tra do d(‘Sng tam va
goc quay, ciing nhu thude thuy (Hinh 2e.) dé kiém tra
d0 can bﬁng, mo ta chi tiét cua cac dung cu, thiét bi nay
duoc dién dat sau day:

2.1.1 Dung cu kiém tra do dong tim va géc quay cho
collimator va ban bénh nhan (Hinh 2a.): duoc thiét ké
boi nha vat li y khoa ciia co s, dung cu nay 14 hai tim
nhya hinh vudng c6 kich thudc 45 cm % 45 cm x 2 cm,
trén bé mat 1a cac 6 vudng dong tdm va duong
crosshair. Cac 6 vudng nay lan lugt c6 canh bang (5,
10, 20, 30, 40) cm. Sai s6 dung cu nay déng gop khi do
chénh léch trudng sang va chénh léch goc co khi lan
luot 1a 0,1 mm va 0,1 d9.
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2.1.2 May LINAC (Versa HD, Elekta AB, Stockholm)
(Hinh 2b.): nhin tir huéng ban diéu trj trd vo dau may
gia toc (gantry) gdm: huéng ddu may gia téc 1a hudng
gun va huéng ngugce lai 1a hudng target, hudng bén
phai 1a huéng cung chidu kim ddng hd va nguoc lai
hudng bén trai 1a hudng nguoc chiéu kim dong hd. Cac
dinh nghia hudng nay dugc minh hoa trong Hinh 2d.
2.1.3 Dung cu kiém tra d6 ddng tdm va géc quay cho
gantry: bao gdm 2 loai thiét bi, diu tién 1a “dung cu
dinh vi diém (pointer) gin vao gantry” (Hinh 2c.) la
mot tru st dai c6 phan chan hinh vudng, thiét bi nay s&
dugc gan trén khay phu kién cua LINAC. Dau pointer
c6 thé di chuyén ra vao mét khoang cach nho, trén
pointer s& c6 vach chi thi khi dau thiét bi nay di chuyén
dén SSD = 100 cm. Thiét bi thtr hai 13 “dung cu dinh vi
diém (pointer) dat trén ban bénh nhan” (Hinh 2b.) la
mot dung cu duoc thiét ké bai cac nha vat Ii y khoa tai
co s, thiét bi nay dai dién cho diém ddng tim co khi
ctia may trong qua trinh kiém tra. Tong sai sé dung cu
nay dong gop khi do chénh 1éch truong sang va chénh
léch goc co khi 1an lwot 14 0,1 mm va 0,1 do.

Hinh 2 Cac hinh anh thiét bi (a) kiém tra d6 dong tam, (b) goc quay ciia may LINAC, (c) dinh vi diém (Pointer)

gin vao gantry , (d) dinh vi diém (Poniter) dit trén ban bénh nhan, (e) Thuéc thuy

2.2 Phuong phap

Trudc khi thyc hién cac phép kiém tra, can diéu chinh
gdc quay cia gantry, collimator va ban diéu tri vé 0°
bang cach ddi chiéu véi thong tin trén bang hién thi
may LINAC (Hinh 3). Cac két qua ghi nhan dugc so
sanh v6i gioi han dugc khuyén nghi trong van ban TG
- 198 clia AAPM 4 + 1 mm ddi v6i d¢ léch tim quay
va +1° dbi v6i do léch goc quay.
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2.2.1 Phuong phép kiém tra tim quay va goc quay cia
ban bénh nhan
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Hinh 4 Quay ban dleu tri.

Dit thiét bi kiém tra d6 dong tdm 1én ban bénh nhan va
tién hanh nang ban sao cho SSD = 100 cm. M¢ truong
sang 40 cm x 40 cm, d4t tam ctia thiét bi do nam tring
vGi tAm trudng sang. Sau do, tién hanh quay ban bénh
nhan lan lugt theo goc 45° va 90° theo chiéu nguoc
chiéu kim ddng ho, sau d6 1an lugt theo goc 45° va 90°
theo chiéu kim dong h6. O mdi vi tri ban bénh nhan,
ghi nhan d6 1éch giira tam thiét bi kiém tra va tim cia

truong sang, ghi nhan d6 1éch giita goc quay trén thiét
bi do va goc quay trén man hinh hién thi.

2.2.2 Cach kiém tra tim quay va goc quay cua gantry
Thiét 1ap thiét bi pointer dit trén ban bénh nhén tring
vGi tAm trudng sang, di chuyén do cao ban bénh nhan
sao cho d4u ctia thiét bi nay & vi tri SSD = 100 cm. Tién
hanh gin pointer vao gantry, di chuyén phan dau cua
pointer dugc gan & trén gantry dén vi tri SSD = 100 cm,
khi d6 hai dau ctia pointer ¢ gantry va pointer ctia ban
bénh nhén s& cham nhau. Sau céc bude thiét 1ap thiét bi,
tién hanh quay gantry theo cac goc 90° nguge chidu kim
dong ho, 180° nguge chicu kim dong hd va 90 ° theo
chiéu kim dong ho, 180 ° theo chiéu kim dong hd. Sau
mdi lan quay gantry dung thudc thuy kiém tra do
nghiéng ciia gantry va doi chiéu v6i bang hién thi, ghi
nhan sy chénh 1éch goc quay, ghi nhan do 1éch gitia hai
d4u cta hai pointer & mdi goc quay gantry lam két qua
ctia phép kiém tdm quay.
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Hinh 5 Quay gantry dé thuc hién phép kiém tra goc quay cua gantry va thude thily can

2.2.3 Cach kiém tra tim quay va goc quay ciia collimator
Dit thiét bi kiém tra d6 déng tdm va goc quay tai vi tri
tam cua trudng sang, dat truong sang voi kich thudc 40
cm x 40 cm. Tién hanh quay collimator 1an lugt theo
cac goc 45° va 90° nguoc chidu kim dong ho, sau do 1a

g6cC 45° va 90° theo chiéu cuiing chiéu kim dong hd. Sau
mdi lan quay collimator, ghi nhan do l1éch giita tm thiét
bi kiém tra va tdm cua truong sang, ghi nhan do Iéch
gilta goc quay trén thiét bi do va goc quay trén man
hinh hién thi.

Hinh 6 Truong sang collimator khép vé6i bang do goc va bang hién thi

3 Két qua

Két qua cua phép kiém tra do 1éch tim quay va do 1éch
godc quay lan lugt dugc trinh bay ¢ Bang 1, Bang 2.

Trong Bang 1, két qua do: i) d6 1éch cua tdm quay ban
bénh nhan khi quay so véi giao diém cua tim quay

collimator — gantry; ii) do 1éch ctia tim quay collimator
khi quay so v6i giao diém cua tim quay ban bénh nhan
— gantry; v va iii) d0 1éch cia gantry ghi xoay so voi giao
diém cua tim quay ban bénh nhan — collimator 1an lugt
dugc trinh bay va so sanh véi khuyén nghi + 1 mm.
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Bang 1 Két qua do léch tim quay ctia ban bénh nhén, collimator va gantry (mm)

Géc quay Ban bén nhén Collimator Gantry
Chiéu quay (dd) 45 90 45 90 90 180
Chiéu kim dong ho 05 05 0,3 0,5 1,0 0,0
Yéu ciu chip nhin Pat Pat Pat Pat Dat Dat
Nguoe chiéu kim dong ho 0,0 0,7 0,5 0,3 2,0 0,3
Yéu ciu ch?ip nhin Pat Pat Pat Pat Khong dat Pat
Bang 2: Két qua do léch goc quay ctia ban bénh nhan, collimator va gantry (d9)
_w Ban bén nhan Collimator Gantry
Chiéu quay (dd) 45 90 45 90 90 180
Chiéu kim dong ho 0,5 0,0 0,2 0,3 0,8 0,1
Yéu ciu chﬁp nhin Pat Pat Pat Pat Pat Pat
Nguoe chiéu kim dong ho 0,5 0,5 0,2 0,2 0,1 0,1
Y&u cau chip nhin Pat Pat Pat Pat Khéng dat Dat
4 Ban luan Phuong phép hién tai chua xac dinh duoc cac sai s6 hé

Dua vao két qua & Bang 1 va Bang 2, c¢6 thé thiy céac
két qua déu ndm trong pham vi khuyén nghi ngoai trir
mot phép kiém. Dé biét rd nguyén nhan gy ra do léch
nay, can t4i sy can thiép ctia ki sw hing san xuét clng
v6i nha vat |i y khoa tim hiéu nguyén nhan, néu may
LINAC khéng con hoat dong diing theo thong sb ban
dau thi nén c6 danh gia mirc d6 anh hudng cua cac sai
léch nay Ién qua trinh diéu tri. Mot s6 1i do co thé gay
ra cac sai 1éch ¢ thoi diém hién tai. TAm quay va goc
quay ctia ban bénh nhén c6 sy sai 16ch so v6i thong sd
kiém tra chap nhan ban dau do hé co khi di chuyén
cua ban hoat dong da lau ngay, kha nang phan ung
chinh xéc véi tin hiéu 1énh dan suy giam. May LINAC
duoc dat o tﬁng ham, noi c6 hé théng mach nudc ngém
bén dudi c6 nguy co lam léch san. Piéu nay ciing co
thé 1am cho ban bénh nhan khong hoan toan cin bang.
Tam quay va goc quay cua gantry bi Iéch do hao mon
khi str dung ¢ bd phan dbi trong ctia ddu may. Bo phan
dbi trong bi hao mon thuong 1a do hao mon ty nhién
hodc sau qua trinh tring tu stra chita, thao lap thi chua
duoc can chinh chinh xac.

Dbi voi tim quay va goc quay ciia collimator bi 1éch
vi dau gantry nang nén s& bi kéo xudng, din dén tam
quay va géc quay cua collimator bi 1€ch. Phuong phap
hién tai khi kiém tra collimator chi dimg lai & cac goc
quay 45° va 90° theo chiéu kim dong hd va ngugc
chiéu kim dong ho, nhung khong kiém tra tim quay
va goc quay 135° hodc 180°, thuc té collimator ¢ thé
quay dugc nhiéu goc hon so voi cac goc quay di néu,
tac gia s& bd sung viéc kiém tra & cac goc quay khac
dé co thé danh gia chinh xac hon tinh trang ctia hé co
khi collimator.

@ Dai hoc Nguyén T4t Thanh
O™

NGUYEN TAT THANE

thdng c6 thé phat sinh khi thiét 1ap thiét bi hodc do con
nguoi giy ra trong qua trinh sir dung. Trong lic thiét
1ap thiét bi ciing c6 thé xay ra sai vi tri do mdi ngudi s&
c6 mot goc nhin khéac nhau, va khi thyc hién kiém tra
thi thiét bi c6 thé bi xé dich boi ngudi 1am phép kiém
tra, gy nén do 1éch nho cho phép kiém tra.

Céc khuyén céo qudc t& vé cong viéc kiém tra thiét b
dinh ki may LINAC (AAPM TG 198 [2] va AAPM TG
142 [3]) 14 cac cong trinh duoc duc két tir tan suit xay ra
cac sai sot cu thé va kha ning phat hién sém cac sai st
nay [5,6]. Vi vdy, tham khao va thyc hién theo cac
khuyén cdo nay la viéc nén lam & céc khoa xa tri. Hién
nay, mot sb6 bénh vién da thyc hién phép kiém tra tim
quay co hoc va goc quay cua ban bénh nhan, gantry va
collimator duoc thyuc hién mdi quy phi hop véi khuyén
céo ciia qudc té. Tuy nhién, cong tac nay hién tai hoan
toan 1a ty nguyén chir chua dugc quy dinh tai van ban
phép luat nao tai Viét Nam. Hién Viét Nam chi dang st
dung Thong tu 15/2017/TT-BKHCN [4] quy dinh vé
kiém dinh dé cap phép sir dung, khong cé quy dinh nao
vé dam bao chét lugng dinh ki. Mat khac, Thong tu nay
c6 cac phép kiém tra cho may LINAC nhung chi dimg
lai & cac phép kiém tra co hoc vé do chinh xéac cia goc
quay cua collimator, gantry va ban bénh nhan, d6 chinh
xac cua laser, va chuyén dong cia ban diéu tri nhung
chua dé cap téi tdm quay co hoc ctia ban diéu tri,
collimator va gantry. T4c gia khuyén nghi cic co quan
c¢6 thdm quyén nghién ctru va ban hanh: (1) quy dinh vé
dam béao chét lugng dinh ki cho may LINAC, trong d6
quy dinh tin suit cic phép do phai thuc hién, phuong
phéap do phu hop véi timg tan suit, ngudn nhén lyc thyuc
hién va (2) quy dinh vé kiém tra danh gia ngoai cong tac
dam bao chat lugng dinh ki ndy. Hai van ban nay néu
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duogc nghién ctru soan thao trén co s bang ching khoa
hoc da ban hanh trén thé gigi [2,4,5] s€ gbp phan cai
thién chat luong xa tri ti€ém can vdi cac quéc gia khéc.

5 Két luan

Nghién ctru nay thyc hién do dac va phan tich két qua cua
phép kiém tra co hoc vé do dong tAm va goc quay cua
gantry, ban bénh nhan va collimator cho may gia toc
tuyén tinh (LINAC) dung trong xa tri. Cac phép do déu
thoa cac khuyén nghi qudc té trong g, ngoai trir mot

két qua. Céc nha vat Ii y khoa tai co sé cAn phdi hop véi
ki su hing may xem xét va khic phuc su sai khac nay dé
tranh anh huong 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 cip phép hoat dong chir chua co
quy dinh vé& dam bao chét luong dinh ki ciing nhu kiém
tra danh gi ngoai. Khuyén nghi cic vin ban nay can duoc
nghién ctru va ban hanh trén co s bang chimg khoa hoc
da ban hanh trén Thé gidi, gop phan cai thién chat luong
diéu tri bénh ung thu cua Viét Nam.

Tai liéu tham khao

1. McCallum-Hee Bl, et al. (2022). Dosimetric impact of mechanical movements of the Linac gantry during
treatments with small fields. Frontiers in Oncology, 12.

2. J. Hanley et al. (2021). AAPM Task Group 198 Report: An implementation guide for TG 142 quality assurance
of medical accelerators. Medical Physics, 48, e830-e885.

3. E. Klein et al. (2009). AAPM Task Group 142 Report: quality assurance of medical accelerators. Medical
Physics, 36, 4197-4212.

4. Bo Khoa hoc va Cong nghé. (2017). Thong tu s6 15/2017/TT-BKHCN ngay 05/12/2017 ban hanh Quy chuan
ki thuat qudc gia d6i v6i may gia toc tuyén tinh ding trong xa tri.

5. G. J. Kutcher (1994). Comprehensive QA for radiation oncology: Report of AAPM Radiation Therapy
Committee Task Group 40, Medical Physics, 21, 581-618.

6. R. Nath, P. J. Biggs, F. J. Bova, C. C. Ling, J. A. Purdy, J. van de Geijn, and M. S. Weinhous (1994). AAPM
code of practice for radiotherapy accelerators: Report of AAPM Radiation Therapy Task Group No. 45. Medical
Physics, 21, 1093-1121.

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 1mm,
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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