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TOM TAT

Thiét ké che chan cho phong chup danh cdt
lop (Computed Tomography - CT) la cong viéc
can thiét nham dam bdo an toan birc xa cho ky
thudt viéen va cong chung. Trong bai bdo nay,
chiing ti tién hanh xdc dinh gia tri CTDI (CT
Dose Index) bdang thuc nghiém va sir dung
chuwong trinh MCNP5 dé xdc dinh hé s6 chudn
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MO PAU

Ngay nay, phuong phap chup CT la mot
trong nhiing cong cu manh gidp c6 thé thiy dugc
c4u tric cua co thé nguoi voi do phan giai vi tri
va d6 tuong phan cao. Mac du lidu buc xa trong
qué trinh chup CT khéng cao so véi qua trinh xa
tri trén bénh nhan nhung viéc st dung CT trong
chan doan hinh anh tai cic co s6 y té ngay cang
tang gdp phan ting lidu buc xa cho bénh nhan,
nhan vién y té va cong dong. Véan dé an toan buc
xa duoc dat ra khi thiét 1ap mot phong may chup
CT. Theo TCVN 6561:1999 quy dinh v& an toan
birc xa ion héa trong y té, mot phong chup CT
phai ¢am bao vé kich thudc téi thiéu va bé day
cac 16p che chin dap ¢ng tiéu chuin an toan burc
Xa.

Pé thiét ké va danh gia mic do an toan birc
xa ctia phong chup CT, dau tién can phai khao sat
lidu btrc xa cua may chup CT trong mdi ca chup
cling nhu phan b liéu birc xa bén trong phong.
Céc liéu buc xa nay bao gém liéu do chum tia
gay ra, liéu tan xa tir vat liéu xung quanh hay lidu

hoa gitta mé phong va thuc nghiém, tir do thuc
hién khdo sat phin bé liéu bén trong va bén
ngoai phong chup CT khi kich thudc phong thay
d6i. Ngodi ra, sw anh hieong ciia photon tan xq tiv
vat liéu che chdn dén bénh nhéan khi thu hep kich
thudc phong ciing duoc khdo sat trong cong trinh
nay.

buc xa ro (leakage radiation) [1-3]. Hién nay, voi
su hd trg ctia may tinh va phuong phip Monte
Carlo [4-7] c6 thé danh gi4 liéu bic xa ciing nhu
xac dinh duoc sy dong gop cua cac thanh phan
vao liéu téng cong gay ra cho bénh nhan mot
cach d& dang. Bdng thoi mirc d6 phan bé lidu bén
trong phong chup ciing nhu liéu bic xa qua céc
I6p che chan ciing ¢6 thé dwoc x4c dinh.

Trong bai bao nay, ching tdi tién hanh mo
hinh hoa dau béng phat tia X cia may CT hang
Philips tai Bénh vién Quan Y 175 bang chuong
trinh MCNP5. Ngoai ra, chiung toi ciing str dung
nguoi gia PMMA duong kinh 16 cm va budng
ion hoa bt chi Piranha cua hang RTI dé xac dinh
liéu buc xa trong khdng khi tai vi tri chim tia
trung tim ciing nhu lidu hap thu trong ngudi gia
PMMA. Tir d6, hé s6 chuan héa giita chuong
trinh MCNP5 va thuc nghiém tuong (ing vai cac
dién thé dinh 90 kVp, 120 kVp va 140 kVp c6
thé dugc xac dinh. Tiép theo, tién hanh danh gia
muc lidu hap thu qua cac 16p che chin cua phong
chup CT; phan bé liéu xung quanh phong chup
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CT khi thay dbi kich thudc phong dé tir d6 khao
sat mirc d6 dam bao an toan birc xa cua cac 1ép
che chin khi kich thudc phong thay doi.

VAT LIEU VA PHUONG PHAP

Thyc nghiém

Céc thiét bi dugc su trong thuc nghiém bao
gom:

May CT Brilliance BigBore Oncology.

Piu do do liéu CT.

Thiét bi dién tir Piranha cia hang RTI, Thuy
bién.

Nguoi gia PMMA dau.

Pau do do lidu CT (CT Dose Profiler —
CTDP) la mot dau do dang diém duoc thiét ké
vira van dé dua vao cac ngudi gia chuan dé danh
gia thiét bi chup cit I16p. Khi bé day lat cat khong
bi gigi han thi ngudi ding c6 thé chon do liéu CT
bang CTDP. Trong viéc xac dinh gia tri CTDI thi
c6 thé dat nd tai tm cia ngudi gia PMMA dau
(Hinh 1). CTDP duoc thiét ké dung chung voi
thiét bi Piranha.

CTDP (thiét bi cua RTI, Thuy Dién) 1a mot
dau do c6 kich thude 2 x 2 x 0,3 mm dugc sir
dung dé do liéu hap thu. Pau do duoc ndi voi
thiét bi do tia X (Piranha, RTI) va thong tin vé
lidu dwoc hién thi trén thiét bi cAm tay.

Nguoi gia PMMA (PolyMethyl
MethAcrylate) ddu 1a mot loai nguoi gia dai dién
cho phan dau cua cua bénh nhan véi vat lidu 1a
nhua acrylic, duong kinh 16 cm, chiéu dai 15 cm.
Nguoi gia PMMA dugc dat tai vi tri trung tam
chum tia. CTDP lan luot dwoc chén vao cac vi tri
trung tdm, 12 h, 3 h, 6 h va 9 h. Ché d¢ chup bao
gdm dién thé dinh 90, 120, 140 kVp cuing véi dng
chuin tryc cua chim tia va bo loc hinh no, dong
gua ong phét tia X 1a 350 mA, thoi gian quét 1a
10 s. Vi tri 12 h ngoai bién la khoang cach 1,0 cm
tinh tir bé mat ctia nguoi gia. Hinh 3 biéu dién do
dac thuc nghiém gia tri CTDI.

Hinh 1. X4c dinh CTDI thic nghiém bang ngudi gia
PMMA duong kinh 16 cm

Chwong trinh MCNPS

Chuong trinh mdé phong Monte Carlo
MCNPS5 [10] cta Phong Thi nghiém Los Alamos
(LANL) dugc st dung dé md phong cdu hinh dau
béng phat tia X. Thanh phan chinh ciia d¢au béng
phét tia X bao gém bia anode 1a Vonfram (W)
mat do twong duong 19,4 g/cm®, gdéc nghiéng
anode la 7°, ning lugng 90 keV, 120 keV va 140
keV. Bo loc tong cong twong duong nhom cua
dau bong 1a 7,95 mm tai dién thé 80 kV. Ngudi
gia PMMA cho ché d¢ chup dau véi duong kinh
16 cm la vat liéu nhya acrylic, mat @6 1,205
glem® duoc st dung dé xac dinh liéu birc xa tir
méy CT. Phong chup CT chiéu dai 6,2 m, chiéu
rong 1a 4,5 m; chiéu cao 1a 3,5 m. Phong k§ thuat
vién dai 2,5 m rong 1a 4,5 m. Cac 16p che chén la
bé tong va chi, bé téng day 20 cm 6p chi day 3
mm. Ctra ra vao cua k¥ thuat vién va bénh nhéan
lam bang thép bp chi day 3 mm (Hinh 2). Thé F4
dugc sir dung dé xac dinh thdng lugng qua mot 6.
Khi x4c dinh phan b lidu bén trong va bén ngoai
phong chyp CT, thé Fmesh4 dugc st dung. Viéc
sir dung thé nay con cho phép dénh gia liéu buc
Xa trén mang ludi cac diém anh ba chiéu duoc
chia nho trong viing khong gian can khao sat. Bé
danh gia dugc ning lugng dé lai trén mot 6, the
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F6 dugc st dung. Thé nay giup xac dinh liédu hip  phong phong chup CT (A) va ngudi gia PMMA
thu trong mot vat liéu c6 don vi la MeV/g hay dudng kinh 16 cm bang chuong trinh MCNP5.
don vi mGy. Hinh 3 trinh bay hinh anh 3D mé

45m

<
<«

v

6.2m

Phong chup CT

Cira bénh nhén:

Kinh chi Cira KTV

Phong KTV

Hinh 2. So d phong chup CT 16 14t cét ctia hang Philips tai Bénh vién Quan Y 175

(A) (B)
Hinh 3. Anh 3D m6 phong phong chup CT (A) va nguoi gia PMMA bang chuong trinh MCNP5 (B)
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KET QUA VA THAO LUAN
H¢é s6 chuin héa (NF)new

Chuong trinh MCNP cho két qua liéu buc xa
trén mdi hat ngudn (mGy/hat) va khong thé hién
duogc sy anh huong cia dai lugng dong qua ong
tia X (mA) cling nhu thoi gian phét tia X (ms).
Céc két qua nay can dwoc biéu didn dudi dang
liéu bic xa trén mdi mAs (mGy/mAs). Do do,
can phai chuyén déi tir liéu buc xa trén mot hat
sang liéu birc xa trén mot mAs. Su chuyén doi
nay thdng qua hé sb chuan hoa (NF)new [8], dugc
tinh nhu biéu thuc (1).

(CTDlIyy)
NF — NBW
( )NBW (CTD'MP)

NBW

1)

Trong d6, (CTDItn)new V@ (CTDImve)new 12
chi sb liéu CTDI dugc do dac trong thuc nghiém
va tinh todn md phong. Hé s chuan hoa dugc
thuc hién trén mdi mAs do dé gia tri lidu tuyét
dbi cua md phong dugc nhan véi hé sé chuan hoa
va mAs. Liéu tuyét d6i duoc thuc hién nhu biéu
thuc (2):

(D)NBW - (NF)NBW X(DMP)NBW X(mAS) (2

Bang 1. Hé s6 chuan héa giira md phong va thyc nghiém

CTDI thyc nghi€ém CTDI m6 phon, S X o, H¢ s6 chuan
kVp (MGYIMAS) (mGy/haty | Saisdmophong | TEN
90 0,097 1,590E-12 0,0227 6,070E+10
120 0,259 1,674E-12 0,0219 1,547E+11
140 0,390 1,756E-12 0,0215 2,222E+11

Nghién ciru phan vb("') cia birc xa phat ra tir
may chup CT chan dodan khi thay doi kich
thwéc phong

Khi giam kich thude phong, phan bé caa birc
xa trong va ngoai phong sé thay doi. Vat liéu che
chin gan ngudn phat hon nén ting kha ning tan
xa |&n bénh nhan, dong thoi ting kha ning tia so
cap, thar cap va dong ro cé thé xuyén thau qua
tuong che chan. Bé co kich thudc phong nho
nhung van dam bao an toan buc xa, 2 tiéu chi
duoc lya chon: 1- Liéu chiéu 1én bénh nhan trong
phong chup van dam bao & mirc dudi ngudng cho
phép, 2- Bam bao an toan buc xa cho can b phu
trach va cdng ching bén ngoai phong chup theo
quy dinh.

Trong thuc té chiéu dai phong CT phai ¢am
bao cho sy di chuyén cua giwdng bénh nhan,
chiéu dai tdi thiéu do do phai chira dii giuong
bénh nhan va h¢ théng khoang may, chiéu rong
phong phai dam bao cho khoang may quay. Khi
chup CT, ngudn phat vira di chuyén tinh tién theo
chiéu dai, vira quay quanh bénh nhan. Hai tuong

che chin ddi dién doc theo chiéu dai phong ciing
nhu trdn nha va san nha 14 noi nhan cha yéu
truong chiéu cua tia so cdp. Do d6 viéc nghién
ctru an toan che chin trong phong chup CT lién
quan chu yéu dén bé rong phong, dic biét khoang
cach gitra ngudn phat (di dong) va tuong che
chan.

Phong chup CT trong nghién cuu nay cé dién
tich thuc té 12 28 m?, vi tri ngudn phat cach tuong
che chin 1a 275 cm. Dé nghién ctu sy thay doi
cia phan bé lidu buc xa khi giam kich thugc
phong ching t6i sir dung md hinh phong chyp CT
da xay dung va tinh toan hé sb chuan héa & trén
va tién hanh diéu chinh giam khoang céch nay tir
275 cm xudng 185 cm véi muyc dich khao sat su
thay ddi cua buc xa tan xa 1én nguoi gia ghi nhan
cling nhu phan b6 liéu birc xa bén ngoai tuong.

Két qua danh gia phan bd buc xa tan xa lén
nguoi gia trong phong chup khi thay doi khoang
céch tir nguon dén tuong che chin dugc biéu dién
nhu Hinh 4.
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Hinh 4. Birc xa tan xa 1én ngudi gia voi khoang cach tir ngudn dén tuong che chén thay dbi tir 185 cm dén 275 cm

Két qua cho thdy khi giam khoang céch
nguon phat va tudng che chan tir 275 cm dén 235
cm birc xa tan xa 1én ngudi gia khong tang. Didu
nay dugc giai thich do tia tdn xa tir vat liéu che
chan khong di dén dugc nguoi gia. Tuy nhién,
khi khoang cach tiép tuc dugc giam thi bic xa
tan xa 1én nguoi gia bit dau ting. Theo nguyén
tic ALARA (As Low As Reasonably
Achievable) thi liéu birc xa trén bénh nhan phai
thip nhit c6 thé. Vi thé khoang cach ngudn phat

va tuong che chan tir 235 cm tro 1én 14 co thé
dam bao an toan biic xa cho bénh nhan khi kich
thudce phong giam.

Tuong ty nhu trén, viéc nghién ciru phan b
birc xa bén ngoai cac twdng che chian chu yéu tai
cac vi tri trong phong ky thuat vién va cong
chung dugc ghi nhan bang thé F6 trong chuong
trinh MCNP5. Két qua nay duoc trinh bay trong
Hinh 5.
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Hinh 5. Birc xa qua cac 16p vét liéu bé tdng-chi-bé téng khi thay déi khoang cach
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Chu y rang ngudng cho phép vé an toan biic
xa bén ngoai phong chup ddi vai khu vuc cong
ching 14 0,5 pSv/h. Hinh 4 cho thay an toan buc
xa dugc dam bao (lidu bic xa < 0,5 pSv/h) khi
khoang cach nguén — tuong che chan Ién hon 245
cm. Két hop yéu cau cua hai tiéu chi da duara &
trén co thé két luan rang, ¢¢ dam bao cho bénh
nhan khéng nhan thém bic xa tan xa trong phong
va cong ching khu vyuc bén ngoai phong an toan
birc xa thi khoang cach giira ngudn phat va tudng
che chan tdi thiéu tir 245 cm tro 1én, tuong ng
véi bé rong cua phong tdi thiéu 3,9 m. Khi do,
v6i chiéu dai phong cé dinh téi thiéu 1a 5,6 m
dién tich phong chup CT tdi thiéu tinh toan duoc
1222 m2,

Str dung md hinh md phong dé nghién cau
mot truong hop dac biét da dugc khao sat. Tai
mot bénh vién ¢ mot phong CT c¢6 kich thudc
phong 20 cm?, bé rong phong chup l1a 3,8 m. Véi
bé rong nay, khoang cach tir nguon dén vt ligu
che chén 1a 240 cm, phan bé liéu tan xa 1én bénh

nhan khong ting (Hinh 3) nhung liéu bic xa bén
ngoai tuong che chan vuot ngudng 0,5 puSv/h. Vi
vay, trong trudong hop ndy cac twdng che chin
can dugc 16t thém chi. Sur dung chi mat &6 p =
11,35 g/lcmd, hé s6 suy giam tuyén tinh u = 0,579
1/cm thi bé day can 16t thém 1a 1,64 mm dé c6
thé dam bao an toan cho ky thuat vién va cong
ching. o
Phan bo lieu bén trong va bén ngoai phong
chup CT

Tur két qua nghién ctu kich thuéc phong &
trén, chang toi tiép tuc danh gia chi tiét va biéu
di&n phan bé liéu bén trong va bén ngoai phong
chup CT bing cach sir dung thé Fmesh4. Phan b
lidu theo mat cét ngang ciia phong & bén trong va
bén ngoai véi do cao Z = 3,5 m dugc danh gia véi
céc dién tich phong khac nhau. Pau tién ddi voi
phong chup CT chuan, dién tich 28 m2, twong ung
v6i bé rong 4,5 m, phan b liéu buc xa sau khi di
qua céc 16p che chan dén khu vuc cdng ching
duoc biéu dién nhu Hinh 6.
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Hinh 6. Phan b liu birc xa khu virc cong chiing ctia phong chup CT dién tich 28 m?

Két qua cho thay, lidu bic xa khu vuc cong
ching vin dam bao an toan khi birc xa qua cic
16p che chan. Tuy nhién chii y khu vuc cira ra
vao ctia bénh nhan phong chup CT, vai vat liu
che chin 1a thép c6 6p chi day 3 mm, sy hip thu

birc xa kém so v&i 16p che chén 14 bé tong va chi.

Twong ty phan bd liéu bén trong va bén
ngoai phong khu vyc cong ching khi dién tich
phong chup giam xudng 23 m2 va 20 m? duoc
trinh bay trong Hinh 7 va Hinh 8.
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Hinh 7. Phéan b lidu birc xa khu vuc cong chung ciia phong chup CT dién tich 23 m?
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Hinh 8. Phén b lidu birc xa khu vuc cong ching ciia phong chup CT dién tich 20 m?

Két qua cho thay khi giam dién tich phong
chup CT, phan b liéu trong phong phén b phic
tap, phan bd bic xa ting sau khi di qua cac 16p
che chan, c6 su rd ri phéng xa tai cira 1am bing
thép 6p chi khi giam kich thuéc phong con 20
m?. Trong trudng hop ndy can gia ¢ thém chi &
I6p cira thép dé dam bao an toan burc xa cho cong
ching (ngudi bénh hay than nhan) ngdi ngoai
phong cho.

KET LUAN

Trong cbng trinh ndy, nhom tic gia di tién
hanh tinh toan gia tri CTDI dé x4c dinh hé sd
chuén hoa gitra mo phong bang chuong trinh

MCNP5 va thyc nghiém duoc tién hanh trén
nguoi gia PMMA duong kinh 16 cm st dung
budng ion héa but chi dai 100 mm. Tir d6 nghién
ctru phan b birc xa tan xa 1én phantom khi thay
dbi khoang cach tir ngudn dén vat liéu che chan.
Qua d6, da xac dinh dugc khoang cach tir nguén
dén 16p che chén t6i thiéu dam bao an toan buc
Xa 1a 3,9 m, tuong Gng véi dién tich phong chup
CT 12 22 m2 Dbi véi phong chup CT co dién tich
nho 20 m? can phai 16t chi thém vao céc 16p che
chén nhim dam béo an toan buc xa cho ky thuat
vién va cong chdng.
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Calculation of the shielding safety of
Computed Tomography scanner room by

using MCNP5 code
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ABSTRACT

Shielding design of Computed Tomography

scanner room is a vital work to ensure radiation
safety for medical physicists and public. In this
paper, we measured CTDI (CT Dose Index) and
determined the normalization factor between
Monte Carlo simulation and experiment values of
absorbed dose. Then, the absorbed dose

Keyword: CT room, CTDI, Shielding, MCNP5 code
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