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”CONE BEAM” VA UNG DUNG TRONG LAM SANG

- Nguyén Xuén Ca

TOM TAT

Céng nghé Cone Beam I&n dAu tién duoc dua vao st dung tai thi trueong Chéau Au ndm 1996 va Hoa Ky
n&m 2001. Chup cét I6p bdng Cone Beam (CBCT) la mét ki thuét hinh &nh y té bao gém hé théng chup cét
16p bng tia-X ma tai d6, céc tia =X duoc phén ky, tao thanh mét hinh nén. C6 18, do sy phét trién nhanh .
cla céng nghé nay ma cac may quét CBCT dang ngay cang tré thanh mot cOng cu quan trong trong linh
vire nha khoa va xa tri ung thur.

Ky thuat chup cat I6p - CT theo ba truc clia khéi u da gitp cho céc thay thudc so sanh nhitng hinh dnh nay
v6&i nhiing hinh dnh ban d4u Iap ké hoach xa trj dé xéc dinh d6 chinh xéc dén bao nhiéu trong viéc khu tru
khéi u va dat tw thé bénh nhan. Nho d6, nhing hiéu chinh cén thiét sé duoc thuc hién dé c6 thé phan bé
chinh x&c chim tia vao thé tich bia (khéi u). Ching ta hy vong réng, ky thuét nay se duoc ap dung réng réi
hon trong Iam sang, nhét Ia linh vie xa trj ung thu.

ABSTRACT .
CONE BEAM AND CLINICAL APPLICATION
Nguyen Xuan Cu’

Cone beam technology was first introduced in the European market in 1996 and into the US market in 2001.

Cone beam computed tomography (CBCT) is a medical imaging technique consisting of X-ray computed
tomography where the X-rays are divergent, forming a cone. Perhaps because of the increased access to
such -technology, CBCT scanners are now finding many uses in clinical applications CBCT has become

increasingly important in radiation oncology and in dentistry.

The technology creates three-dimensional axial CT slices of a patient’s tumor, enabling therapists and
doctors to compare these images with initial treatment planning images to determine how precisely focused
‘the radiation set-up is. They can then make position adjustments if necessary to deliver a more targeted
therapy to the patient. The hope is that this technology will lead to more clinical application, especially in-
radiation oncology field. '

1. CONE BEAM CT - CBCT LA GI? Hinh anh chup cht I6p dién toan (Computed

Dé giai thich mot cach 15 rang Cone Beam CT1a  Tomography-CT) ciing dong nghia véi viéc chup
gi, trudc tién ching ta can giai thich vé CT thuong  cit 16p quét theo truc (Computed Axial Tomography
quy la gi. - CAT), trong d6 sir dung thiét bi phat tia-X quay
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quanh truc két hop voi phan mém may tinh k¥ thuéat
s dé thu nh4n, tai tao cc hinh anh cia co thé. Khi
str dung hinh anh CT, nhiing tiét dién cit ngang céc
ving khdi u, cac td chiic ciia co thé sé duoc tao ra.
Du ¢6 nhiéu k¥ thuat tao anh khac nhau, hinh anh
CTla duy nhét ¢ kha nang dua ra duoc nhiing hinh
anh r6 rang cua cac loai mé khac nhau. Hinh anh CT
c6 thé gilp quan sat dugc cac md mém, md xuong,
md co va ¢a cac mach mau...

Pé hiéu thém sy khac nhau v& hinh anh CT va
clia nhitng ky thuat khac, ta hdy xem xét vé dau
phﬁt tia-X. Khi k§y thuét hinh anh st dung tia-X, cac
céu triic xuong cuia hdp so c6 thé dugc quan st rd
hon. Khi sir dung hinh anh cdng huéng tir - MRI thi
cac mach mau, cac mé mém sé théy 16 hon con cac
chu tric xuong khong thiy rd va chi tiét duoc. Mit
khéc, chup mach bang tia-X ¢6 thé cho phép quan
sét dugc cac mach mau ving déu nhung khong thay
rd dugc cac mé mém. Hinh anh CT viing dau ¢6 thé
thay rd duoc khong nhitng cac mé mém ma con cta
céc cAu triic xuong va mach mau.

Hinh anh CT thuong duoc str dung cho cac muyc
dich chin doan. Thuc té, d6 1a k¥ thuat hinh anh
thong dung nhét trong chin doan céc loai bénh ung
thu ké ca khi d4 di can vao phdi, tuy, gan v.v.. Bing
viéc st dung hinh anh CT, khong chi gitip cho thay
thudc 1am sang khéng dinh su tdn tai cia khdi u ma
con xac dinh dugc chinh xéc vi tri, cling nhu kich
thudce cia né, ddng thdi con danh gia kha nang khoi
u dd xam lan, lan t6a ra cac vung lan can hay chua.

Ngoai viéc chin doan mot sb loai ung thu cy thé
nao do, hinh anh CT con dugc st dung cho muc dich
lap ké hoach xa trj hogic cho phau thuat.
rat hitu ich trong hudng dan sinh thiét va trong rat
nhiéu quy trinh ky thuat khong can thiép khac. Nho
kha ndng cung cAp nhiing hinh anh rd nét vé céc té
chiic xuong, ¢o, mach méu..

.. NO con

cy rat ¢ gia trj trong chén doén va diéu tri cac tén
thuong va rdi loan co xuong. N6 thuong duoc sir
dung dé do mat do khoang xuong va phat hién cac
ton thuong ddi véi cac td chirc bén trong. Hinh anh
CT tham chi con dugc str dung dé chan doan va diéu
tri mot s bénh vé tim mach ma trudc d6 khong thé
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phat hién, khong thé diéu trj va dé 1a nhiing nguy co
dan dén suy than, dot quy va tir vong...

Véiy chinh xdc, Cone Beam CT la gi?

Hiéu theo nghia thong thuong, cone beam CT-
CBCT la m¢t phién ban compact, an toan va cé téc
do nhanh hon thiét bj CT thudng quy. Bing viéc
st dung chiim tia-X hinh nén (hinh cone) nén kich
thudc cua may scanner (quét), liéu birc xa va thoi
gian can thiét cho quy trinh scanning (quét) dugc
giam di dang ké. Mot CBCT scanner dién hinh ¢6
thé dé dang lp dat nhu cho mot may chup rang.
Toan bo thoi gian scanning thuong chi dudi mot
phut va lidu bic xa nhd hon hang tram lan so voi
cac may CT thong thuong.

Thudt toan dimg tdi tao hinh anh cia CBCT

Cac may CT dung trong xa tri thudng dugc trang
bi phin mém tai tao hinh anh bang k¥ thuit sé DSI
— Digital Spots Imaging. DSI bao gbm bd khuéch
dai hinh anh, bo xur ly s, thiét bi truyén va hién anh.
Céc tin hiéu hinh anh dugc xr ly bang ky thuat sé
theo murc 512 bits x 512 bits x 10 bits hodc 1024 bits
x 1024 bits x 10 bits. Tdc d6 thu nhan anh khoang
8 khung hinh /gidy. Vi CBCT scanner, thut toan
dugc dung trong qua trinh tai tao anh 14 theo phuong
phap cia Feldkamp, vé mat ly thuyét, dé tao ra md
hinh tai tao ty do, hudng ciia ngudn tia-X phai thoa
mén day du diéu kién 1a bat ky mat phang nao dé thi
chum tia phai cat ngang it nhat mot 1an khi di qua
déi tugng dugc scan (hinh 1).

Theo thuyét quy dao, thuat toan Feldkamp coi
nhitng anh diém ndm ngoai ciia mit phang trung
tam nay thi lai thudc trurig tim ctia mat phing khac
va nhitng hi¢u chinh can thiét vé mat hinh hoc sé
dugc tién hanh dé lam phi hop su sai khac gitra
thyc té va ly thuyét. Mat do anh diém tai tao duoc
tinh toén theo téng céc anh diém thanh phan thu
dugc qua ché d(’j quét (scan) 360°. Trong thuat toan
Feldkamp, nhirng anh diém nam ngoai mat phing
trung tim s€& dugc coi nhu du thira va loai bo. Gia
str ¢6 mot bo dit liéu cac anh diém theo 2-D c6 toa
do P(P,Y,Z), trong d6 @ la goc chiéu, con ¥ Z 1a toa
d9 cia detector, trong d6 Z song song véi truc quay.
Cac anh diém sé dugc chiéu trén truc Y sao cho I6n
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hon mot nira d§ rong ctia o (hinh 1). Trong qua trinh
tinh toan thuc té, bd dir lidu thu dugc theo phuong
phép “lam xodn” hodc “cdit xén” hodc “tich hop” dé
lam tang d6 trung thyc chia mo hinh tai tao anh.

Pé giai quyét nhiing thiéu hut thong tin, ngudi ta
st dung cong thic: '

P'(D,Y2)=P(P+r£20,-Y Z), (1)

O day, o la goc dic trung cho chiim tia tuong
(g clia mt phing chira ngudn va truc quay. Géc a
dugc xac dinh theo hudng quay clia ngudn.

fuar theo mat
g (5.2)

Craét then mis

phiag &.2)
| }
I

Hinh 1. Ky thudt scan cua CBCT

D4i voi mat phing trung tdm, qua trinh nay la
tuong duong voi sy khdi phuc nhiing dit li¢u bi sai
[éch do tin hiéu phan xa. Nhiing sai s6 vé dir liéu
théng tin du tinh 1 do nhiing diém nim ngoai mit
phing trung tim tao ra. Diéu nay dugc khic phuc
bing thuat toan “lam tron s6” mat do P*(®,Y,Z) theo
truc Y. Gia str, vGi cac gia tri cho trude cia @ va
Z thi anh diém cudi cimg cia bd dir ligu P(P, cudi
cung, Z) s& dugc tinh voi anh diém ddu tién trong
cong thuc P'(®, ¥, Z). Khi d6, sy hi¢u chinh s& dugc
tinh theo: :

P(®,Y,Z) = P (D,Y.Z) + Adcos(my/2k) khi 0<y <
k=P(®D,YZ)khiy>k (2)

O day, k 1a hing s8; A8 = P(®, cudi cimg, Z) -
P'(®, 0,2).

Dé b trlr mot cach hop ly su thiéu hut thong tin
gdy ra do sy suy giam cua tbng cac buc xa thanh
phan, ham trong s6 W(y) cin phai duogc “lam tron
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56 7 va c6 thé 4p dung theo tong:
W(y) + W(-y) =2
Khi dé ta co:

W= [cos((y+8)/28)/z+1) ()

Tlr cac cong thire (1); (2) va (3) sé tinh dugc day
du, trung thyc moi ﬂmc‘mg tin phuc vy cho qua trinh
tao anh, ,

Chup {:d't 16p bdng cone beam

Chup cét 16p dién toan bang cone beam, viét tat
12 CBCT la mdt ky thuét hinh anh sir dung chum
tia-X phan ky, dang hinh nén. CBCT dang tr& nén
hét sirc quan trong chin doan va diéu trj cac bénh vé
ring va nhiéu bénh khac. V& mat lich str, cong nghé
cone beam lan dau tién xu‘ét hién tai céac thi truong
chau Au vao nam 1996 va sau d6 sang Hoa Ky vao
ndm 2001.

Trong qua trinh CBCT scanning, thiét bj s& quay
quanh dau bénh nhan va dong thoi s& ghi duoc Xap
xi 600 hinh anh khac nhau. Phin mém ctia CBCT
scanner sé thu nhan cac dir liéu va tai tao anh dya
trén thudt toan thé tich sé theo khong gian ba chiéu-
3D cua céc thong sb giai phau.

C6 18 do sy phat trién nhanh vé cong nghé nay
ma céc thiét bi CBCT dang dugc sir dung rat phd
bién trong céc linh vuc ndi khoa ring miéng va rang
ham mit chinh hinh... Khi chup rang, b?mg sur thé
hién theo 3D, CBCT cho phép quan sat hinh anh cia
rang khong bj méo dang. N6 c6 thé gitip nhan biét
mot cach rd rang nhiing chiéc ring moc théng, ring
moc khong thing, chan ring bi nghiéng... va nhiing
cau triic bat thuong ma nhiing hinh anh 2D théng
thudng trudc ddy khong thé phat hién duge.

II. UNG DUNG CBCT (CONE BEAM CT)
TRONG XA TRI UNG THU

Thong thudng, cac bac sy xa tri sir dung ky thuat
tao anh theo khong gian 3-D cila cac may CT trong
qua trinh 1ap ké hoach va xac dinh su phan bd lidu
hap thu mot cach chinh xac vao thé tich bia (khdi u)
va bao vé duoc cac td chirc lanh. Nhung g5n day,
cone beam dang dugc ap dung nhu mét phuong tién
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- dé kiém tra do chinh xéc ciia cac chiim tia ma may
phat ra. Nguoi ta cho rang, cone beam 1a mot kiéu
méu vé cong nghé trong kiém tra do chinh xac ciia
chum tia xa trj. V&i cone beam, hé théng chup cat
16p-CT ciing dugc gén trén khung quay. Truéc Khi
phat chum tia diéu tri, céc hinh anh 3-D CT tir cone
beam duoc tao ra va denf so anh véi nhiing hinh anh
cia CT thuong quy ma trude d6 da st dung trong
qua trinh 1ap ké hoach.'Néu c6 su sai léch nao dé vé
kich thudc chum tia va vi tri, tu thé cia bénh nhan
thi can phai didu chinh cho chuén xéc va do la vai
trod cia cone beam. Budc nay nham muc dich cho
viéc dam bao chét lugng xa tri. Vé mat ly t-huyét,
cone beam dam bao do chinh xac hon va cac chum
tia c6 thé duoc dinh vi chuén xac hon, nghia la giam
duoc liéu chiéu xa vao nhitng md lanh ngoai khéi u.
Vé quy trinh lap ké hoach xa tri, n6 gitip cho giam
duoc it nhat 2,5 mm- 5 mm cac mép dudng bién clia
trudng chiéu va néu tinh cho mot k¥ thuat xa trj theo
3-D thi diéu nay hét sic c6 y nghia trong viéc bao
vé cac md lanh xung quanh u. Cone beam c6 thé ap
dung cho bt ky loai ung thu nao.

II1. XA TRI PAP UNG DU'A TREN HINH ANH
CUA CONE BEAM- CBCT

CBCT dang tré thanh mot cong cu hitu hiéu
trong linh vyc xa tri ung thu. Dién hinh la trong
hiéu chinh nhiing sai s6 vé can chinh tu thé bénh
nhén dya trén nhimg thdng tin duge ghi nhan dong
thdi tlr cdu trac cia xuong. S& 1a ly tuéng néu nhu
nhiing thong tin ma CBCT ghi nhan bao gdm toan
bd ca khdi u. Tuy nhién, nhitng hinh anh trén CBCT
clia cdc md mém thudng khong dugc rd nét cho lam.
Gan dy, ngudi ta da ap dung phuong phap lam ting
d6 tuong phan cho cac hinh anh trén CBCT. Trong
khoang nam budi chiéu xa ddu tién, ban diu qua
trinh quét hinh trén CBCT khéng st dung va sau
d6 str dyng chét tang sang co thanh phan iodinate.
Hinh anh vé& khdi u khi d6 s& duoc lam 1o nét béng
cach so sanh nhiing gi thé hién-khi c6 va khong ¢6
chat tang sang. Sy tuong phan cia nhitng hinh anh
nhu vay dugc sir dung dé mo ta thé tich khdi u tho -
GTV. Nhitng ban db liéu luong cho ky thuat IMRT

228

“Cone Beam” va ing dung trong lim sang

cling tir d6 duge tao ra. Co bdn bude co ban khac
nhau can tién hanh:

1. Ké hoach xa tri 18p ra dugc chinh sra hoan
thién trén hang chudi cac hinh anh thu dugc tr
CBCT., |

2. Ké hoach xa tri dya trén cac hinh anh thu
duoc tir budi chiéu xa dau tién va tu thé bénh nhan
duoc diéu chinh hop ly theo cac cAu tric giai phau
ctia xuong dugc ghi nhan dong thoi trong qua trinh
scanning,

3. Tuong tu budc 2, nhung tu_thé bénh nhan
dugc diéu chinh dua theo nhitng hinh anh ¢6 sy tro

gilp ctia chat tang sang.

4. Cé y nghia rat quan trong, ngha 1a chi tiép tuc
xa trj chimg nao da c¢6 su diéu chinh tu thé ctia bénh
nhan, diéu chinh vé k¥ thuat phan bé cac chum tia. ..

Viéc tinh toan vé liéu luong ddng dang tuong
duong — EUD (Equivalent Uniform Doses) va
x4c suat kiém soat khdi u — TCP (Tumor Control
Probably) s& gitip danh gia vé két qua diéu tri cho
tirng ky thuat 4p dung. Ngudi ta thay ring, bude 1)
da tao ra duoc cac két qua vé EUDs sat thuc nhat
dugc tién doan va TCPs 14 cao nhit. Budc 2) va
3) dua ra két qua EUDs va TCPs tuong tu budc 1)
nhung két qua ctia bude 3) phan nao tét hon buéc
2). Ngay ca véi nhiing lgi ich cia cac budc 1) va
budc 3) thi van luén can quan tim dén sy cir dong
va thay déi hinh dang c6 thé xay ra véi khdi u trong
qué trinh chiéu xa. Khong c6 sy thyc hién cta bude
4) thi két qua cia cac bude 1), 2) va 3) chic chin s&.
khong c6 gia tri. Qua d6, CBCT duoc khing dinh
1a 6 vai tro rat 16n trong cai thién va néng cao chét
lugng xa tri ung thu.

IV. PINH VI TU' PONG KHOI U TUYEN TIEN
LIET BANG CBCT

Truée day, khi ap dung ky thuat xa tri dudi sy
huéng dan ciia hinh anh, ngudi ta da tirng ap dung
phuong phap ghi nhan tu dong do xam —GR (Gray-
value Registration) theo khong gian 3-D dé khu tri
khéi u tuyén tién liét. Phuong phap méi sir dung
CBCT da dugce nhiéu trung tAm xa trj tién tién trén
thé gidi trién khai va duoc khfmg dinh 14 rat chinh

Tap Chi Y Hoc Lim Sang - S8 17/2013



Bénh vién Trung wong Hué

xac va hiéu qua. Co6 mét cong trinh khoa hoc da
cong bd trén hon 30 bénh nhan ung thu tuyén tién
liet dugc ap dung cong nghé mdi — CBCT. Theo
quy udc cua ky thuat FOV (Field Of View), tu thé
scan dugc ap dung tir phia dau vé phia chan bénh
nhan. Két qua cho thiy, chit luong hinh anh duoc
cai thién rat dang ké trong danh gia chinh xéc kich
thude, vi tri chia khdi u. Ty 1& thanh cong da tang tir
65% lén 83% giiia k§ thuat GR so véi CBCT. Sai s6
cia GR theo truc trai-phai; dau-chan va trudc-sau

twong ing 1a 1.0, 2.4 va 2.3 mm. Tém lai, kha néng:

thyc thi va tinh vu viét dinh vi tu dong khéi u tuyéll
tién liét bang CBCT la rit 15 rang so v6i GR.

V. XA PHAU PINH VI (SBRT) UNG THU PHOI

DUGI SU HUONG DAN CUA CBCT, KHONG

CAN KHUNG CO PINH

Dé dinh vi mét cach chinh xdc va én dinh tu thé

bénh nhan xa trj ung thu phdi, khéng can khung cb
dinh, ngudi ta da sir dung CBCT. K¢ thudt ndy con

e LK

gitip tinh toan va xéac dinh PTV dugc t6i uu trong
qua trinh lap ké hoach xa tri. Cong trinh khoa hoc
nay da cong bd 65 bénh nhan ung thu phdi dugc
diéu tri bang SBRT-4D khong can diing dén khung
¢b dinh. Trude diéu tri, phuong phap nay trg gitp
trong viéc do va tinh toan anh hudng sy di léch cia
khéi u theo thoi gian do nhip thd. Sau diéu tri, né
gitp cho su hiéu chinh va danh gia sy n dinh gitra
cac phan lidu. Cac dudng bién cuia PTV duogc danh
gié sai s bing md phong Monte Carlo. Két qua cho
théy, sai s6 cia CBCT la: 1.8, 0.8 va 0.9 mm tuong
tmg theo céc truc trai-phai, dau-chan va trudc-sau.
Véi GR, sai s6 tuong Ging la: 1.3, 1.5 va 1.8 mm.
Tém lai, SBRT khong can khung ¢b dinh dam bao
cho sy chinh xac, an toan va 6n dinh vdi su trg gilp
ctia CBCT-4D. Véi nhiing bénh nhan c¢6 khéi u 16n
hon ciing van sir dung dugc ky thuat nay.

Sai sb mép dudng bién ciia GTV ciia mét khéi u
phdi trudc va sau higu chinh b?uig CBCT dugc minh
hoa trén hinh 2(a) va 2(b). -

Hinh 2(a). GTV trudc hi¢u chinh. Mt phdng cét ngang (hinh trdi), mdt phing thing dimg

Rsiiscisc

Hinh 2(b). GTV Sau hiéu chinh

theo truc doc (giita) va mat phdng ndm ngang (hinh phai)

: mdit phéng cdt ngang (trdi), mdt phéng thing dimg doc (gifa)

va méit phing nam ngang (hinh bén phdi).
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Bang 1. Nhitng sai s6 hé théng va ngdu nhién cia PTV dwge dinh gid trén CBCT

Sai sb Phia bén (M-L) Truc doc (S-1) Truc dang (A-P)
Trudc hiéu chinh 2.7 mm 3.4 mm 2.5 rhm
Sai s6 hé théng a1
5 Sau hiéu chinh 0.4 mm 0.6 mm 0.4 mm
() ,
Sau didu trj 0.6 mm 1.2 mm 0.9 mm
" Trudce hiéu chinh 2.3 mm 2.7 mm 1.7 mm
Sai s0 n(ge“;u nhién Sau hiéu chinh 0.7 mm 0.9 mm 0.8 mm
o
. Sau diéu trj 0.9 mm 1.1 mm 1.1 mm
Ky hiéu viét tat: A-P: Trudc — Sau
M-L: Gitta — Sang bén
S-1: Trén — Dudi
TAI LIEU THAM KHAO

1. JCan Dent Assoc (2006), Technical Description 6. Swennen, GRJ; Schutyser, F.(2006), “Three-

of CBCT from University of Manchester.
Hatcher, DC. (2010), “Operational principles
for cone-beam computed tomography”, JADA.
New AAOMR, Guidelines on CBCT Use in
Implant Planning. ’ '
Mah, JK; et al. (2010), “Practical applications

 of cone-beam computed tomography in
orthodontics”, JADA. ‘
. Vos, W; et al. (2009), “Cone-beam

computerized tomography (CBCT) imaging
of the oral and maxillofacial region: A
systematic review of the literature”, Int J Oral
Maxillofac Surg, 38.

230

9.

dimensional cephalometry: spiral multislice
vs cone-beam computed tomography”, Am J
Orthod Dentofacial Orthop.

Armstrong RT. (2006), “Acceptability of cone
beam ct vs. multi-detector CT for 3D Anatomic
model construction”, A4OMS.

Miles DA, Danforth RA. (2007), “A clinician’s
guide to understanding cone beam volumetric
imaging (CBVI)”,
ineedce.com/.

Ganz SD. (2005), “Conventional CT and cone
beam CT for improved dental diagnostics and
implant planning”. Dent Implantol Update.

Available from: www.

Tap Chi Y Hoc LAm Sang - S6 17/2013



