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TOM TAT:

Muc tiéu: Chum photon néng luong cao tao tir may gia toc xa tri tuyén tinh (LINAC-Linear
Accelerator) duoc sir dung dé diéu tri ung thu co thé tao ra neutron thi cap thong qua twong tac quang
neutron vdi cac vat liéu s6 nguyén tir cao trong dau may gia tc. Sy hién dién cua cdc neutron thur cap
¢ thé gay ra nguy co tiém 4n cho ca bénh nhan va nhan vién 1am sang, doi hoi can do dac va danh gia
Ve neutron sinh ra trong céc co s¢ xa tri. Nghién ciru nay khao sat lidu neutron sinh ra béi cac may gia
tc xa tri tuyén tinh khi hoat dong & muc phat photon 15MV trong cic phong xa tri 1am sang.

Phwong phap: Liéu neutron dugc do & hai vi tri trong phong xa tri: Vi tri gan ddu LINAC phat tia
va vi tri tai hanh lang 16i vao. Thiét bi do neutron MERIDIAN Model 5085 duoc sur dung dé ghi nhan
lidu neutron. Thyc hién danh gi neutron trén bdn hé théng LINAC (hai miu cta hing Elekta va hai
mau cua hing Varian) tai mot Bénh vién Ung buéu & Thanh phé Ho Chi Minh, Viét Nam.

Két qua: Két qua cho théy su ghi nhan neutron trén cac hé théng LINAC va c6 su khac biét dang ké
tuy thude vao loai LINAC va thiét ké phong xa tri. Hé thong LINAC cia Elekta ghi nhan lugng neutron
sinh ra gan nhu gap d6i so v6i cac hé thong LINAC ciia Varian tai vi tri gan ddu LINAC, trong khi tai
vi trf 16i vao hanh lang, cac hé thong Varian ghi nhén lidu neutron cao hon.

Két luan: Nghién ctru cung cap dit lidu quan trong dé cai thién cac giao thirc an toan birc xa trong
mai trudng xa tri, giam thiéu nguy co phoi nhiém neutron cho ca bénh nhén va nhan vién y té.

Twr khoa: Secondary neutron, LINAC, neutron detector, radiotherapy, photoneutron.

MEASUREMENTS OF SECONDARY NEUTRONS
IN TREATMENT ROOMS INDUCED BY MEDICAL LINEAR
ACCELERATORS OPERATED AT 15MV

"Trworng Pai hoc Khoa hoc Tw nhién TP. HCM
2Pai hoc Quéc gia TP. HCM

3Bénh vién Ung bwéu TP. HCM

*Chiju trach nhiém chinh: V6 Hong Hai

Email: vhhai@hcmus.edu.vn

Ngay nhan bai: 05/9/2024

Ngay phan bién khoa hoc: 11/9/2024

Ngay duyét bai: 11/11/2024




k i 7ap chi
LUNG THUHOC S6 77.2024

Viét Nam

TONG QUAN

ABSTRACT:

Objective: High-energy photon beams used in LINACs for cancer treatment can produce secondary
neutrons through photoneutron interactions with high-Z materials in the accelerator head. The presence
of these secondary neutrons poses a potential risk to both patients and clinical staff, necessitating
measurement and evaluation of the neutrons generated in radiotherapy facilities. This study investigates
the neutron dose generated by medical linear accelerators (LINACs) operating at a photon emission
level of 15MV within clinical treatment rooms.

Method: Neutron doses were measured at two positions within the treatment room: Near the LINAC
head and at the entrance maze. The MERIDIAN Neutron Survey Meter Model 5085 was used to record
the neutron doses. Neutron assessments were conducted on four LINAC systems (two models from
Elekta and two models from Varian) at an Oncology Hospital in Ho Chi Minh City, Vietnam.

Results: The results show neutron detection across the LINAC systems with significant differences
depending on the LINAC type and the design of the treatment room. The Elekta LINAC systems
recorded nearly double the amount of generated neutrons compared to the Varian LINAC systems at
positions near the LINAC head, while at the entrance maze, Varian systems recorded higher neutron

doses.

Conclusion: The study provides essential data to enhance radiation safety protocols in radiotherapy
environments, reducing the risk of neutron exposure for both patients and healthcare staff.

Key words: Secondary neutron, LINAC, neutron detector radiotherapy, photoneutron.

. DAT VAN BE

May gia tdc tuyén tinh (LINAC) duoc st dung
rong rai trong xa tri hién dai nho kha nang tao ra
cac chum photon néng lugng cao, dong vai tro
quan trong trong viéc diéu tri ung thu hi¢u qua
thong qua viéc chiéu chinh xac va tiéu diét té bao
khéi u [1]. Bic biét, cac chum photon c6 nang
luong trén 10MV mang lai nhiéu loi ich 1am sang
quan trong nhu kha nidng xuyén sau vao mo va
giam 1iéu chiéu trén da [2]. Nhing vu diém nay
gitip t6i wu hoa viée diéu tri cac khdi u sau trong
co thé, cai thién phan bé liéu va giam thiéu phoi
nhiém khong can thiét cho mé lanh xung quanh.

Tuy nhién, viéc su dung cac chum photon
nang luong cao cling cd thé dan dén su hinh thanh
cac neutron thtr cip khong mong muén thong qua
co ché twong tdc quang neutron [3]. Cac neutron
nay xuét hién khi photon tuong tac véi cac vat
lidu co s6 nguyén tur cao (high-Z) trong dau may
gia toc LINAC, bao gém bia, bd chuén tryc so

cap, bo loc lam phang va cac bo chuan truc thr
cap. Ngudng nang lugng photon de tao ra neutron
thuO’ng nam trong khoang tir 5 dén 15MeV, tring
vOi mirc nang lugng hoat dong cta cac may gla
tc trong xa tri nang hmng cao. Sy hién dién cua
neutron thir cap c6 thé gy ra rui ro tiém tang vi
chung dong gop mot luong lidu bd sung cho ca
bénh nhan va nhan vién y té, gay lo ngai vé kha
ndng phat trién ung thu thtt phat ¢ bénh nhan va
phoi nhiém nghe nghiép dbi véi nhan vién y té.
Nhiéu nghién cttu da dugc thyc hién dé danh gia
neutron thtr cap sinh ra tir cac may gia toc xa tri
thong qua cac phuong phap thuc nghiém [4], [S] va
mo hinh mé phéng [6-8], nhan manh sy hién dién
cua loai blrc xa nay trong moi truong lam sang.

Trong nghién ctu nay, ching t61 tién hanh do
neutron trén mat sO may gia toc xa triy té hoat
dong & muc phat photon 15MV. Cu thé, khao sat
duoc thuc hién trén bdn phong xa tri duogc trang
bi cac hé théng LINAC khac nhau, bao g6m hai
LINAC cua hang Elekta va hai LINAC cua hang
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Varian. Cong trinh dugc thuc hién tgi Bénh vién
Ung budu co s¢ I, Thanh pho H6 Chi Minh,
Viét Nam.

Trong moi phong xa tri, nghién ciru thyc hién
do liéu neutron tai hai vi tri: (1) Vi tri gﬁn dau
may phat tia LINAC, noi neutron sinh ra tir dau
may gia tbc duge do tryc tiép va ciing 1a vi tri
bénh nhan tiép xiic v6i cdc chum photon ning
luong cao trong qua trinh diéu tri va (2) Vi tri
hanh lang 16i vao phong xa tri, ngin cach boi mot
buc tuong bé tong day gitra chum phat va cira vao
phong xa tri.

2. VAT LIEU VA PHUONG PHAP
2.1. Dau do neutron va co’ sé xa tri LINAC
2.1.1. Dau do neutron

Pau do do liéu neutron dugc st dung trong
nghién ctru nay la loai MERIDIAN Neutron
Survey Meter Model 5085 [9], nhu trinh bay
& Hinh 1, 1a mot thiét bi c6 kha nang phat hién
neutron dang tin cdy va chinh xac trong nhiéu
moi truong khac nhau. Péu do neutron hoat dong
bang cach sir dung khi BF3. Thong s k¥ thuat
ciia dau do bao gébm kich thudc co hoc rong
8,55 inch, dai 9,5 inch, cao 17,5 inch véi trong
lugng 20,5 pound (9,3 kg). Pau do neutron duoc
diéu khién boi mot thiét bi giao tiép dién tir co
bdén nut bam ngoai (Ngudn - power, Ché do -
mode, Pén va loa am thanh), mot nut hiéu chuan
bén trong va man hinh LCD 2 dongx20 ky tu c6
dén nén co thé didu chinh. Thiét bi hoat dong
bang sau pin AA, cung cap thoi lugng pin 1én dén
100 gio cung véi canh bao pin yéu va chire ning
tir dong tat.

Pau do ¢6 thé hoat dong ¢ hai ché do: bo
sudt lidu tirc thoi va do lidu tich liy. O ché d6 do
suat lidu, dau do cap nhat theo mdi gidy voi tinh
nang tu dong chon thang do; & ché d6 do lidu tich
lity, thoi gian do duoc cai dit voi tinh ning dém
nguoc hoic dém tién. Pham vi do lidu dap tng tir
0,01 dén 10.000 mrem/h v6i do chinh xéac trong

khoang 1% va ngudng do duoc diéu khién boi
thiét bi giao tiép dién tr. Pon vi “rem” 1a don vi
do liéu hap thy twrong duong, duoc tinh bang lidu
hap thu (tinh bang rad) nhan véi hé sé buc xa. 1
rem = 0,01 sievert.

...... _J Thiét b giao
- tip dién tir
L

Piu do Neutron-
ai khi BFs)

Hinh 1: MERIDIAN Neutron Survey Meter,
Model 5085 [9]

2.1.2. Co'so xa tri LINAC

Hinh 2: Co sé& xa tri LINAC
a. So db téng quan;
b. Phong xa tri LINAC noi dat may LINAC;
c. Hanh lang trong phong xa tri v&i twdng day va
ctra chi.

Pau do neutron dugc trién khai trong cac co s&
xa tri may gia toc tuyén tinh (LINAC), cu thé 1a
trong cac phong xa tri dé ghi nhéan liéu neutron. Co
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s& xa tri duoc thiét ké bao gém phong xa tri chira
may gia tbc LINAC duoc cach ly an toan birc xa
v6i bén ngoai va phong diéu khién LINAC, nhu
mo ta & Hinh 2a.

Trong phong xa tri, noi dit may gia toc LINAC,
c6 hanh lang dugc ngéan bdi tuong bé tong day voi
muc dich ngin chdn btc xa so cép va blrc xa tan
xa dén 16i vao (cira chi) va khu vuc bén ngoai.
Hinh 2b va Hinh 2c¢ trinh bay hinh anh bén trong
cua mdt phong xa tri.

Phong diéu khién, noi giam sat hoat dong cuia
LINAC, dugc dat lién ké voi phong xa tri va dugc
bao vé boi cac buc tuong bé tong day dé ngin
chan su phoi nhiém burc xa dbi v6i nhan vién van
hanh do btrc xa tan xa.

2.2. B4 tri thi nghiém va phwong phap
thu thap di liéu
2.2.1. Bé tri thi nghiém

Tudng bé tong day

Pl

Tuomgbé tong diy

Hanhling ® < P2

nu do neutrou
l (P2)
=
£

' |

. Diu dé neutron

R
Phongxatri

Hinh 3: B tri thi nghiém do neutron trong
phong xa tri LINAC

a. B4 tri dAu do neutron Ian lwot do tai vi tri P1 va P2;

b. Hinh anh dau do neutron dwoc dat tai P1,
trong phong LINAC & khoang cach 100 cm
tir ddng tam (Isocenter);

c. Hinh anh dau do neutron dwoc dat tai P2,
tai hanh lang 16i vao trong phong xa tri.

10

Pau do neutron, duoc mo ta chi tiét trong phan
2.1, dugc st dung dé do lidu neutron. Bé tri thi
nghiém duogc thuc hién trong phong xa tri LINAC
thudc cac co so xa tri LINAC. Muc tiéu la danh
gi4 liéu neutron duoc tao ra trong qua trinh van
hanh méy gia toc tuyén tinh, dic biét khi sir dung
chum photon nang lugong cao (15MV).

Hai vi tri cu thé trong phong xa tri LINAC
duoc chon dé dat cac dau do neutron nhu minh
hoa trong Hinh 3a:

Vi tri P1: Pau do neutron dugc dit trén ban
diéu tri, cach vi tri ddng tam (IsoCenter) cia
LINAC 100 cm, nhu thé hién trong Hinh 3b. Vi
tri nay dugc chon dé ghi nhan lidu neutron sinh ra
tryc tiép tir dau may gia toc.

Vi tri P2: Pau do neutron duoc dit tai 161 vao
phong (hanh lang) trong phong xa tri. B6 tri nay
nhim muc dich do lidu neutron co thé thoat ra
khoi khu vuc btre xa chinh hoac tir cac neutron
tan xa bén trong phong va dén hanh lang. Hinh 3¢
trinh bay vi tri dau do neutron dugc dat tai hanh
lang trong phong xa tri.

Nghién ctru dugc thuc hi¢n trén bdn co sd
LINAC, bao gém cac loai: Elekta Synergy
Platform, Elekta Synergy/S, Varian TrueBeam va
Varian Trilogy. Cac chim tia dugc phat & ché do
photon 15MV va kich thude truong chiéu cua bo
chuén truc LINAC duoc ciu hinh 13 10x10 cm2.
Cuong d6 chum tia dugc thiét 1ap ¢ mic 200 MU,
twong mg v6i liéu hap thu 2Gy trong phantom
nudc.

2.2.2. Phwong phap thu thap di liéu

Dé ghi nhan gi tri lidu neutron theo thoi gian
trong qua trinh do, mot camera dién thoai di dong
duoc st dung dé ghi lai man hinh LCD cua dau
do neutron, nhu minh hoa trong Hinh 4. Pong hd
tich hop cua di¢n thoai di dong dugc s dung dé
dong bo hoa thoi gian ciia cac chi so lidu. Ché do
do liéu tich lity ctia dau do neutron dugce thiét lap
dé ghi lai liéu tich Iy neutron.
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LCD display
Dién thoai dung
ghi hinh

j-Di’iu dé Neutron
Hinh 4: Str dung camera dién thoai di dong
dé ghi lai man hinh LCD ctia ddu do neutron
Céac bude thuc hién cu thé bao gém:

- Ghi hinh: Camera di¢n thoai di dong ghi lai
cac gia tri lieu hién thi trén man hinh cua dau do
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neutron trong sudt thoi gian do. Phuwong phap nay
dam bao rang ca liéu va thoi gian tuong tmg dugc
ghi nhan chinh xac, cho phép phan tich chi tiét
sau thi nghiém.

- Trich xuat dir liéu: Tir cac video da ghi
lai, cac gia tri liéu neutron duoc trich xuat theo
thot gian.

3. PHAN TiCH D LIEU VA THAO LUAN

3.1. Di¥ liéu liéu neutron

Dit liéu lidu neutron thu thap tir cac dau do
neutron dat tai vi tri P1 (cach vi tri d@)ng tam
100 cm) va P2 (hanh lang 16i vao sau tuong bé
tong) trong phong xa tri LINAC cung cap thong
tin quan trong vé phan bd va cuong do cua lidu
neutron trong qua trinh van hanh chum photon
I5SMV.
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Hinh 5: Liéu tich Idy neutron va suét liéu tai P1 va P2 thuc hién do bén co sé LINAC
(Elekta Synergy Platform, Elekta Synergy/S, Varian TrueBeam va Varian Trilogy)

11
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Hinh 5a va Hinh 5b trinh bay két qua thi
nghiém, ghi nhan lidu tich lity neutron theo thoi
gian trong qué trinh phat chum tia cho 4 co so
LINAC cua hang Elekta va hang Varian, do tai P1
va P2 tuong Gmg. Trong hinh, cac diém vudng den
va tron do lan luot dai dién cho Elekta Synergy
Platform va Elekta/S, trong khi tam gidc xanh 14
hudng 1én va tam giac xanh dwong hudng xubng
lan luot dai dién cho Varian TrueBeam va Varian
Trilogy.

Suét liéu trong qué trinh phat chum tia ciing
duoc tinh toan dé danh gia sy sinh neutron, nhu
thé hién trong Hinh 5c¢ va Hinh 5d, do tai P1 va
P2 tuong tung.

- Liéu neutron tai vi tri P1 (cach tdm d:fmg
huong 100 cm):

Tai P1, lidu neutron bi anh huéng truc tiép
boi chum photon hoat dong. Cac phep do, nhu
mo ta trong Hinh 5a, cho thdy liéu neutron ting
nhanh khi chum photon dugc khoi dong va duy tri
trong sudt thoi gian chum tia hoat dong. Dit liéu
do cho théy su sinh ra neutron c¢6 lién quan chat
ché& v&i chum phat photon, chu yéu do céc phan
{ing quang neutron xay ra trong cac vt liéu c6 sd
nguyén tir cao cua ddu LINAC. Khi chum photon

ngimg phat, liéu neutron giam nhanh chong khi
chum tia tat.

- Liéu neutron tai vi tri P2 (161 vao sau tuong
bé tong):

Tai P2, ngan cach bdi mot tuong bé tong day,
lidu neutron dugc ghi nhan nhu thé hién trong
Hinh 5b cho thdy anh hudng ciia cac neutron tan
xa bén trong phong xa tri. Di liéu cho thay, trong
tw nhu tai P1, liéu neutron tai P2 tang nhanh khi
chum tia bat dau, nhung véi gia tri tuyét dbi thap
hon nhiéu.

- Suat liéu neutron:

Ngoai liéu neutron, suat liéu tai ca P1 va P2
cling dugc phan tich dé danh gia toc do sinh
neutron trong thoi gian chum tia hoat dong. Hinh
5¢ va Hinh 5d thé hién sut liéu theo thoi gian tai
P1 va P2 twong mg. Suét liéu ghi nhan theo thoi
gian voi sy ting nhanh & thoi diém bét dau phat
chum tia va sau d6 duy tri trong thoi gian chum tia
hoat dong. Diéu nay mot lan nira xac nhan rang sy
sinh neutron ¢6 lién quan tryc tlep dén hoat dong
ctia chum photon va nhidn manh tdm quan trong
clia viéc giam sat nhiém neutron theo thoi gian
thuc trong moi truong xa tri.

3.2. Panh gia liéu neutron

Bang 1: Liéu neutron va suét liéu tai P1 va P2 cho 04 loai LINAC

Cuwong | Liéu P1 P2 (Maze)
do tron i . e » i . £
_ chum | phane| ehov | Ligu | Sutliéu | 1! | Lidu | Suétlidu
Loai LINAC tia tom c%u‘:m tich liy | neutron c%u‘lm tich liy | neutron
M | i dahoge Pl g g | neuon | o
15MV] | [Gy] |dong (s)| ‘M H dong (s) | M
Elekta — Synergy 19 702 36.9 19 24.6 13
Platform
Elekta Synergy/S 200 2 24 718 29.9 22 15.9 0.7
Varian TrueBeam 21 374 17.8 20 40.4 2
Varian Trilogy 21 417 19.9 22 453 2.1

12
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Dua vao sb lidu ghi nhan tor Hinh 5, lidu
neutron tai hai vi tri: P1 va P2 duoc tom tit nhu
trong Bang 1; gém liéu tich liiy neutron va sut
lidu dwoc ghi nhan trong qué trinh van hanh chum
photon 15MV. Két qua phan tich cho thy:

- Liéu neutron tai P1 (cach tim dang hudng
100 cm):

Véi cung vi tri do liéu cho 4 hé théng LINAC,
lidu tich lily neutron cua hé thong Elekta cao hon
so v6i hé thong Varian. Cu thé, Elekta Synergy
Platform ghi nhan liéu tich Iy 702 prem/200
MU véi suét liéu trung binh 36,9 prem/gidy va
Elekta Synergy/S ghi nhan 718 urem/200 MU &
29,9 urem/gidy. Trong khi cac hé théng Varian
TrueBeam va Trilogy c6 liéu neutron thip hon lan
lugt 1a 374 prem/200 MU va 417 purem/200 MU,
v6i suét lidu tuong tmg la 17,8 urem/gidy va 19,9
prem/gidy. Didu ndy cho thiy su sinh neutron tai
P1 chiu anh huéng manh mé boi thiét ké cu thé
ctia LINAC, dic biét 1a cac vat liéu ¢6 sd nguyén
tir cao gan dudng di cua chum tia.

- Liéu neutron tai P2 (hanh lang 16i vao phong
xa tri):

Nhin chung liéu ghi nhan thap hon rat nhiéu
so voi tai P1 do tac dung suy giam cua tuong bé
tong che chén, cling nhu vi tri thiét lap. Do vi
tri dat dau do neutron tai P2 tuong ddi tai hanh
lang trong phong xa tri, nén gia tri ghi nhan liéu
neutron ciling khong muc dich so sanh. Tuy vay,
khi ta phan tich lidu neutron tai vi tri P2 cho céac
hé théng Varian thé hién liéu neutron cao hon tai
P2 so véi cac hé thong Elekta. Varian TrueBeam
va Trilogy cho thay liéu tich lily neutron lan luot
la 40,4 urem/200 MU va 45,3 urem/200 MU, voi
sudt lidu 2 prem/gidy va 2,1 prem/gidy. Nguoc
lai, Elekta Synergy Platform va Synergy/S c6 liéu
neutron thap hon lan luot 13 24,6 purem/200 MU
va 15,9 urem/200 MU, véi suit lidu tuong tmg 1a
1,3 urem/gidy va 0,7 prem/giay. Nhitng sy khac

biét nay cho thay thiét ké khong gian phong xa tri
c6 thé anh huong dang ké dén sy tan xa neutron.

4. KET LUAN

Nghién ctru ndy cung cap nhirng hiéu biét quan
trong vé liéu neutron thir cép duoc tao ra bdi cac
may gia toc tuyén tinh y t& (LINAC) hoat dong
¢ muc nang lugng 15MV trong cac phong xa tri
1am sang. Bang cach do liéu neutron tai hai vi tri
chinh—géan ddu LINAC (P1) va tai hanh lang 16i
vao (P2)—cho bén hé théng LINAC khéac nhau
(Elekta Synergy Platform, Elekta Synergy/S,
Varian TrueBeam, va Varian Trilogy), nghién ctru
nhin manh nhitng khac biét dang ké trong phan
b6 lidu neutron dua trén loai LINAC va thiét ké
phong xa tri.

Céc phat hién cho thay tai vi tri Pl, cac he
thong Elekta thé hién lidu neutron gan nhu’ gap
d61 so voi cac hé thong Varian, nhian manh tac
dong cua thiét ké LINAC dén sy sinh neutron.
Tai vi tri P2, ndm sau tuong bé tong, liéu neutron
dugc ghi nhan giam dang ké so v6i P1, nhung van
tdn tai su khac biét gitra cac hé théng. bac biét,
cac hé théng Varian ghi nhan liéu neutron cao hon
tai P2 so véi Elekta, cho thfiy Su tan xa neutron
phu thudc vao thiét ké phong xa tri.

Nhung két qua nay cung cap dir liéu quan
trong nham cung cap thong tin vé neturon thir cip
sinh ra khi van hanh may gia tde xa tri & mirc
nang luong cao.

LOI CAM ON

Chung t6i xin cam on cac nhan vién k¥ su tai
Bénh vién Ung budu Thanh phd H6 Chi Minh da
hd tro va hop tac cua ho trong sudt nghién ciru
ndy. Cong trinh nay dugc hd tro béi Pai hoc Quéc
gia Thanh phd H6 Chi Minh, ma s6 tai trg B2022-
18-01.
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