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SUMMARY

Zero echo-time (ZTE) MRI is a new imaging technique that uses ultrafast readings to capture signals from short T2 tissues.
Additional advantages of the pulse sequence include fast acquisition times, silent scanning, and artifact resistance. A powerful application
of this technology is imaging the cortical bone without the use of ionizing radiation, thus presenting a viable alternative to CT for rapid
screening and “one-stop” MRI. ZTE is increasingly used in musculoskeletal imaging, neuroimaging applications. In this article, we
review the imaging physics of ZTE including pulse sequence options, practical limitations, and image reconstruction., image optimization
including acquisition, processing, segmentation, synthetic CT generation, and artifact correction. We also introduce clinical applications

of ZTE such as imaging related to malformations, trauma, tumors, and interventional procedures,...
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I. DAT VAN BE

ZERO-TE (zero echo-time) trén cong hwéng tir 1a
k¥ thuat hinh anh méi str dung cac phép doc cwc nhanh
dé thu tin hiéu ttr cdc mé c6 T2 ngdn. Chudi xung nay cé
mot sd wu diém nhw thdi gian khao sat nhanh, quét im
Iang va gidm anh gid. M6t (rng dung manh mé clia cong
nghé nay la chup anh vé xwong ma khéng can blc xa
ion héa, day la giai phap thay thé kha thi cho CT dé sang
loc nhanh va chup MRI “mét ctra”. ZTE ngay cang dwoc
st dung nhiéu trong hinh &nh co xwong khép, dau va
c¢d, c6 nhiéu rng dung htra hen & ddi twong tré em can
han ché tia X, phu nir mang thai va d&c biét bénh ly chan
thwong so ndo, chan thuwong cot sébng & cép ciru. Bai
viét nay nham muc dich trinh bay vé nguyén ly chup co
ban, tdi wu héa cac thiét 1ap cho hinh anh xwong va cac
&ng dung lam sang clia chudi xung ZTE.

Il. NOI DUNG TONG QUAN

Bai viét dwoc thwc hién theo phwong phap téng
quan chon loc cé dinh hwéng hé théng. Ngudn tai liéu

* Khoa Chan dodn hinh anh, bénh vién Che RdNy, TP.HCM
** Bo mon Chdn doan hinh anh, Pai hoc Y duwoc TP.HCM

duoc tim kiém trén cac co s& div lieu quéc t& (PubMed,
Scopus, Web of Science) va y van trong nwéc véi cac
tlr khoa: “zero echo-time”, “ZTE MRI”, “ultrashort TE”,
“bone imaging”, “synthetic CT”, “musculoskeletal MRI”,
“neuroimaging”. Tiéu chi lwa chon bao gém: cac nghién
ctvu gbc, bai tdng quan, bao cao ca hodc nghién ctru kj
thuat c6 (rng dung lam sang lién quan dén ZTE-MRI trong
chan doan co xwong khép va than kinh. Gidi han thoi
gian xuét ban trong vong 10 ndm gan day (2015-2025).

NGUYEN LY CHUOI XUNG ZTE

ZTE |a mét chudi xung MRI dwa trén sy kich thich
thé tich khéng chon loc va ma héa khéng gian k (k-space)
theo kiéu 3D, ly tam. Khac v&i cac chudi xung MRI théng
thwong, ZTE st dung bién dé gradient doc dwoc gil
khong ddi trong sudt qua trinh quét, chi thay ddi hwéng
nhe gira cac chu ky. Piéu nay gitp dat dwoc quét im
lang va thoi gian TE = 0. Twong tw nhw hinh anh TE cwc
ngan (UTE), ZTE thu nhan tin hiéu tir sy suy gidm cam
&ng tw do (FID, Free Induction Decay) ma khéng can tai
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tao tin hi€u qua gradient echo hay spin echo. Thuat ngir
ZTE do Weiger va cs dat tén, dwa trén ky thuat RUFIS
(Rotating Ultra-Fast Imaging Sequence) dwoc phat minh
ttr nhirng nam 1990 béi Madio va Lowe [7].

Giéi han goc lat

Trong ZTE, xung RF va gradient doc dwgc ap dung
dong thoi, khéng tach rdi nhw trong cac chudi MRI truyén
thdng. D& duy tri kich thich ddng déu bat k& hwéng
gradient, bang théng RF phai I&n hon ho&c bang bang
théng doc hinh anh, dan dén yéu cau xung RF rat ngan.
Diéu nay gidi han géc lat toi da c6 thé dat dwoc véi goc
lat téi da chi khodng 4°. Néu dung xung RF dai hon, hinh
anh sé bi nhoe do sw bién dbi hwéng gradient gay ra
nhiéu, d&c biét & vung ngoai vi trwdng nhin (FOV). Gan
day, Froidevaux va cs da phat trién phuwong phap ma
héa xung ma&i gitp téng géc lat bang cach kéo dai thoi
gian xung RF mét cach co kiém soat [8].

Ma héa va tai tao hinh anh

ZTE ma hoa khdng gian k theo dang xuyén tam,
C4c tia xuyén tam 3D xuét phat tir tam ra ngoai, vi vay tin
hiéu thu dworc rat cao & trung tam k-space va thdp hon
vé phia ngoai vi (hinh 1). Kiéu I4y mau phi-Cartesian nay
yéu cAu tai tao anh bang ky thuat gridding 3D (hinh 2).
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Ma héa tin hiéu dang duong
cua khoang k

Gan day, mot phwong phap tai tao hinh anh dwa trén hoc
sau (DL) méi da dwoc ap dung cho ZTE dé gidm dang
ké thoi gian quét, giup cai thién chét lwong hinh anh [9].

Chuén bj tir hoa va da echo

Chuén bi tir hoéa (magnetization preparation) két
hop voi doc phan doan la mét khai niém dung dé tang
cwdng dé twong phan clia cac chudi xung bi gidi han
b&i d6 twong phan. Phd bién nhat 14 MP-RAGE ding T1
phuc hdi ddo nguoc két hop véi GRE phan doan. ZTE
vbn c6 cac dac tinh ly twéng bao gébm TR ngén, TE = 0,
ma hoa anh 3D nhanh, im Iang khi chup, vi vay két hop
rat hiéu qua véi cac ky thuat chuan bi tir hoa dé tang do
twong phan ma khong kéo dai thdi gian chup.

Twong tw nhv GRE hoac UTE da echo, ZTE c¢6
thé dwoc chuyén thanh chudi da echo dé thu dwoc FID
ban d4u, sau d6 thu tiép cac echo déu dan dé khai thac
thém thong tin T2*. ng dung dién hinh dung dé tao
anh xwong twong phan dwong bang céch trir anh echo
sau khéi anh TE = 0. St dung gradient lwéng cwc thong
thuwong dan dén tiéng &n am thanh I&n. Giai phap yén
tinh bang cach st dung chudi xung Looping Star khi cac
FID dwoc kich thich rdi tai dinh hinh nhiéu Ian theo kiéu
ndi tiép thoi gian, gitp gidm tiéng dn dang ké [10].

+ky

Ma héa tin hi€u dang xuyén
tam cua khoang k

Hinh 1. Phwong phap ma héa tin hiéu dang dwéng va dang xuyén tam. (Nguén: mriquestions.com).
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Khoang tréng thei gian chét

M&c du ZTE bat ddu ma hoéa hinh anh ngay khi
xung RF duwoc phéat ra, nhung hé théng MRI can thoi
gian chuyén tir ché dé phat sang thu. Trong th&i gian
nay, thuwdng tlr 8 dén 100 ms (tly hé théng va coil), may
khong thé thu tin hiéu. Diéu nay dan dén bd 16 di liéu &
trung tam khong gian k, dac biét 1a nhivng diém dau tién
clia cac dwong xuyén tam trong ZTE. Hé qua tao ra mét
vung tréng hinh cau & gitra k-space, anh hwéng dén do
twong phan cda hinh anh.

(NG DUNG ZTE CHO HiNH ANH XUWONG

MRI da dwgc chirng minh la c6 dd twong phan
mo6 mém cao véi nhiéu k§ thuat chup khac nhau, nhung
trwdc day chwa tirng duwoc st dung rong rai dé danh
gia cAu truc xwong, dac biét 1a vé xwong. Nguyén nhan
do vé xwong 1a mé cwc ky khd véi mat dod proton thap
(~20% nuwéc) va thoi gian ton tai tin hiéu rat ngan (T2
~390 ms & may 3T). Cac chudi xung MRI gradient echo
thwong quy hodc cac chudi xung spin echo véi TE trong
khoang vai mili gidy thwong qua cham dé phat hién tin
hiéu xwong cé y nghia.

Tai tao hinh anh xwong

Sau khi hinh anh ZTE dwoc x ly qua hiéu chinh d6
léch va chuén hoéa cwéong d6, chéat lwong hinh anh thu
duwoc du tét dé thwe hién phan doan xwong chinh xac.
Duva trén biéu db cwong d6 anh ZTE, ¢6 3 vung rd rang
gdm khéng khi (tin hiéu thap nhat), xwong (viing gitra,
réng) va mé mém (tin hiéu cao hon). Phan doan khong
khi, mé va xwong c6 thé thu dwoc théng qua ngudng
cwdng dd va qua trinh stra cac hiéu rng thé tich mot
phan. Tin hiéu ZTE xwong va CT xwong ¢6 twong quan
tuyén tinh, vi vay anh xa tuyén tinh don gian da tao ra
hinh anh CT tdng hop &o c6 gia tri st dung thuc té. Didu
nay cé thé dwoc st dung cho cac rng dung co ban nhw
lap ké hoach xa tri chi cdn MRI, hiéu chinh suy gidm
PET/MRI.

Anh gia va khac phuc

M& va nwéc cé tan sé cong hwdng khac nhau nén
gay ra léch pha trong qua trinh thu tin hiéu. Trong ZTE,
do thu &nh theo xuyén tdm 3D, nén cac tin hiéu m& —

nuwéc bat diu in-phase tai tam khoang gian k, nhung sé
léch pha dan trong suét qua trinh doc di liéu. Cac hién
twong dich chuyén hdéa hoc gay ra hinh anh bji mo va
nhiéu tin hiéu tai cac giao dién m& - nwéc, lam gidm do
ré nét clia vé xwong. Nhivng hién twong nay cé thé duwoc
gidm thiéu bang cach thay ddi cac thong sb hinh anh
(tang bang théng, gidm d6 phan giai khong gian, giam
cwong doé trwdng BO) va/hoac thye hién tai tao pha dya
trén phan tich dich chuyén héa hoc.

Két hop ZTE v&i cac ky thuat UTE truyén théng
nhw echo-subtraction, cu thé bao gébm chup 2 anh, mét
tai TE = 0 (xwong va mé mém) va mot tai TE tré hon (md
mém), trir 2 anh dé chi con lai tin hiéu xwong. Wu diém
clia phuong phap nay giup xwong hién thi rd, mé mém
bi triét tiéu. Tuy nhién cé han ché Ia thoi gian quét dai,
phtrc tap trong hiéu chinh hinh anh.

Hinh 2. Hinh MRI xwong véi chudi xung ZTE dwoc
tai tao trén cac mat phang khac nhau (hinh A, B)
cho thay gay xep dé6t séng T11.

(Nguén: Bénh vién Cho Ray)
CAC I'NG DUNG LAM SANG ZTE

V6i dac diém nhanh, 3D, im lang va chéng hién
twong nhiéu, ZTE la mét gidi phap thay thé kha thi cho
CT dé chup vd xwong ma khoéng can blc xa ion héa.
Trong loat ca bénh trwéc day bao gdm nhiéu trng dung
lam sang, ZTE va CT cho thdy méi twong quan chan
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doan tbt gitra cac bac si Chan doan hinh anh duoc dao
tao. Nhitng han ché thuc té hién tai ctia ZTE bao gom
SNR vén thap tir tin hiéu xwong bi loAng xwong va do
phan giai khéng gian han ché clia cac nén tang MRI hién
tai (0,8—1 mm, so v&i 0,5-0,6 mm & CT).

Dwa trén téc d6 chup nhanh ctia ZTE, k¥ thuat nay
c6 tiém nang (rng dung trong lam sang dé sang loc ban
dau trong bdi canh chan thwong cép tinh (danh gia gay
xwong va chan thwong néi so), danh gia tinh trang dinh
lién sé'm va tang ap lwc ndi so hoac loai trir bénh ly. Déi
v&i cac bénh ly can danh gia toan dién hon, ZTE ciing

c6 thé dwoc st dung dé thu thap thong tin vé xwong nhw
mét phan cla MRI “mét clra”. Céch tiép can nay dic biét
c6 thé can thiét trong cac trwong hop thudng yéu cau
ca MRI va CT vi du nhw dj tat so mét, chan thwong, khoi
u va cac tha thuat can thiép. Cac lan chup MRI theo ddi
tai kham véi ZTE dac biét co gia tri déi véi nhivng bénh
nhan can giam thiéu hoéc loai b tiép xtc véi birc xa: tré
em, phu nir mang thai, bénh nhan cé co dia ung thuw,...

Trén thé gidi, da c6 mot sé nghién ctvu tidu biéu vé
&ng dung ZTE MRI trong chan doan co xwong khép va
than kinh

bao hanh

Tac gia Dé6i twong Chu dé Két qua chinh Két luan
Cho SB et al. 40 bénh nhan chdn | So sanh ZTE so ZTE phét hién gay xwong so | M6t s6 gy nho <1
(2019) [2] thwong so ndo véi CT twong dong CT: d6 nhay cao, | mm van khé phat

dac biét & gay dwong Ion hién
Kralik SF et al. 61 tré nghi ng chan | Black-bone MRI 3D | Phat hién gay so chinh xac, | Loi ich giam tia xa
(2019) [3] thwong so ndo do (ZTE twong tw) gidm nhu cau CT & tré em

LuAetal. (2019) | 25 bénh nhéan di tat

[4] S0 mat béng ZTE

banh gia so mat

Twong quan hinh anh ZTE | MRI ‘mét ctra’ hivru

va CT cao ich

Ho ML (2022) [1]

bao

trong dau — cb

thé CT trong nhiéu chi dinh

Jans LB et al. 68 bénh nhan nghi So sanh CT téng Synthetic CT tv ZTE phat Tang do tin cay

(2021) [5] ngd viém khép cing | hop tir ZTE voi hién tén thwong ciu tric tét | chan doan viem
chau MRI thwong quy hon T1W khop

Wiesinger F & Téng quan 95 bai (ng dung ZTE Khang dinh tiém ndng thay | D& xuét (rng dung

[&m sang rong rai

Aydingéz U et al.
(2022) [6]

Téng quan chuyén
sau

Co xwong khép

Hwéng dan téi wu héa va
nhan dién bay ky thuat

Tai liéu tham khao
thwe hanh

Hinh 3. Hinh chup so mit & bénh nhan chan thwong so nao. Hinh A véi chudi xung MRI xuong
va hinh B chup CLVT cho thay gay xuong mii (mdi tén). (Ngudn: Bénh vién Cho Réy).
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Chan thwong

Trong béi canh chén thwong cép tinh, CT dau va
cot sbng cb thwong dwoc chi dinh d& phan loai nhanh
céac trwong hop gay xwong va xuat huyét. Khi MRI ngay
cang c6 san trong cac khoa cap ctru, cé thé hinh dung
rang MRI nhanh v&i ZTE c6 thé tré thanh phwong phap
tiép can tuyén dau thay thé dé chup anh chén thwong
I&n. Dbi v&i nhivng bénh nhan cé cac phat hién phirc tap,
chang han nhuw chan thuwong so ndo hodc chan thuwong
day chang, MRI nhanh sau dé cé thé dwoc nang cap
truc tiép thanh MRI “mét clra” toan dién theo quyét dinh
ctia bac si Chan doan hinh anh (hinh 3, 4).

Trong trwéng hop loat chan thwong cép tinh, ZTE
mo ta duwoc cac vét gay xwong & vom so, xwong mat,
ham va c6t séng. Tuy nhién c6 thé bd sét cac gay xwong
khong di Iéch hoac gay xwong nhd <1 mm [2]. V&i nhirng
cai tién lién tuc vé phan cirng va phan mém MRI, ZTE cé
kha nang sé co thé phan dinh cAu tric vi mé xwong, dua
trén cac mo hinh thir nghiém. O giai doan ban cap dén
man tinh, MRI v&i ZTE hivu ich d& danh gia gay xuwong
lanh so vé&i khéng lanh, t6 chirc tu mau va cét hoa.

Hinh 4. Hinh chup co6t s6ng that lwng & bénh nhan
chan thwong cot séng. Hinh A véi chubi xung MRI
xurong va hinh B chup cét I6p vi tinh cho thdy gay dét
séng T11 va L2. (Ngubn: Bénh vién Cho Réy).

U, viém, nhiém trung

ZTE thwong duoc st dung trong nha khoa dé danh
gia cu trac rang, mdc xwong ham va tai tao xwong. V&i
dé twong phan mé mém vuwot troi va ky thuat khong ion
héa clia MRI, phuong phap nay cé nhirng wu diém rd

rang so v&i CT trong viéc danh gia viém tdy xwong, hoai
tlr xwong, bénh kh&p va nghi ngod khdi u ham co lién
quan dén tdy va cac dau hiéu niém mac.

ZTE cla cac céu tric mat va cd (6 mét, khoang
xoang mii, nén so, dwdng thé) khé khao sat hon so véi
& hop so va ham. Céac yéu té c6 thé lam gidm chét lwong
hinh &nh bao gdm nhiéu giao dién xwong - khéng khi,
tiét dich niém mac va gidi phau mé mém phirc tap. O
nhirng bénh nhan can theo dai kiém tra bang hinh anh,
MRI “mét clra” v&i ZTE la mot cong cu lwa chon day hira
hen dé chan doan, lap ké hoach diéu tri. Phwong phap
tiép can nay cho phép danh gia tich hop vé xwong, tay
xwong va mdé mém - ly twéng cho cac bénh ly phirc tap
c6 thé biéu hién sy lién quan tham nhiém va lan réng
quanh day than kinh.

DPanh gia cac tén thwong clu tric & khép cung
chau c6 thé cai thién dd chinh x&c trong chan doan viém
c6t sbng dinh khép. Tuy nhién, cac ton thwong cAu tric,
chang han nhw x6i mon, rat khé danh gia trén hinh anh
T1W thwong quy. CT tdng hop clia khép cuing chau dwa
trén MRI xwong c6 thé chan doan tét hon trong viéc phat
hién cac tdn thwong cAu tric & nhivng bénh nhan nghi nge
bi viém khép cung chau so véi hinh anh T1W (hinh 5).

Hinh 5. Hinh énh viém khop cung chéau trén T1W (hinh
A) va hinh CT téng hop dwa trén MRI xwong (hinh B).
Nguén: Jans, L. B., (2021)
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Tha thuat can thiép

Cac phuong phap tiép can lap thé doi héi phai dinh
vi 3D chinh xac dwa trén cac méc xwong cirng khong
bién dang dé thuc hién nhiéu can thiép khac nhau nhw
sinh thiét, tiém, kich thich, cdy ghép, phau thuat xa tri,
dét hodc cét bd. Trong hau hét cac trwong hop, CT va
MRI dwogc thyc hién riéng biét, sau do dwoc chéng I1én
nhau v& mat toan hoc béng cach st dung cac goi phan
mém khac nhau. Phwong phap tiép can nay tan dung chi
tiét xwong va do phan giai khong gian cao ctia CT, cuing
véi do twong phan mé mém cta MRI. Tuy nhién, chuyén
déng cla bénh nhan trong hodc gitra cac 1an kiém tra
c6 thé lam gian doan qua trinh ghi lai hinh anh va dan
dén nham muc tiéu khoéng gian khoéng chinh xac. MRI
“moét ctra” véi ZTE ma trong dé thong tin vé mé mém va
xwong dwoc thu thap trong mét 1an chup anh duy nhét
mang lai mot sé loi thé thyc té cho liéu phap huéng dan
hinh anh.

Trong phong phéau thuat, don vi MRI trong khi phau
thuat cho phép hwéng dan hinh anh theo thei gian thuc.
Trong qué trinh theo d&i sau phau thuat, ZTE it tao ra
anh gia hon khi danh gia kim, éng théng,... Ngoai ra,
ZTE c6 thé duoc thuc hién trwdc va sau khi tiém thube
twong phan tir v&i tac dong khong dang ké dén chi tiét
xwong.

Tom lai, bén canh cac wu diém ky thuat, mot khia
canh quan trong can nhan manh la tac déng lam sang
ctia ZTE MRI. Ky thuat nay khéng nham thay thé hoan
toan CT, ma dong vai tro nhw mét Iwa chon wu tién trong
nhi*rng nhém bénh nhan dac biét. Cu thé, ZTE dac biét
hiru ich & tré em, phu nlr mang thai, hodc nhirng bénh
nhan can theo d&i nhiéu 1an, nhd kha nang han ché phoi
nhiém btrc xa. Trong béi cdnh chan thwong so ndo hodc
chén thwong cot séng, ZTE cho phép khao sat déng thoi
cau tric xwong va mdé mém, mé ra tiém nang trién khai
MRI “mét ctra” gilp tiét kiém thoi gian va gidm nhu ciu
chi dinh thém CT. Ngoai ra, trong céac thu thuat can thiép
ho&c xa tri, ZTE c6 thé cung cép théng tin vé mébc xwong

ma khoéng can bd sung thém chup CT, gép phan don
gian héa quy trinh 1am sang..

Han ché

Caéc rao can hién tai dbi vai viéc trién khai rong rai
ZTE bao gébm nhan thirc va kha néng tiép can cta bénh
nhan, hiéu biét ctia bac si Chan doan hinh anh, nhan
thirc clia bac silam sang vé gia tri k§ thuat nay, han ché
phan cing/phadn mém MRI vdn cé va céc thuat toan x
ly hau ky CT téng hop. Khi céng nghé ZTE tiép tuc cai
thién, cac nghién cru hiéu qua so sanh quy mé lon sé
gilp dinh lwong gia tri chan doan twong déi, két qua diéu
tri va hiéu qua vé chi phi so véi CT.

O bbi canh Viét Nam, viéc trién khai réng rai ZTE
MRI van con dbi mat vai nhiéu thach thire. Thir nhat, vé
thiét bi, khong phai tat ca hé théng MRI hién hanh déu hé
tro ZTE; ky thuat nay chi yéu kha dung trén cac may doi
m&i v&i phan mém chuyén dung. Thé hai, chi phi dau
tw nang cip phan mém va phan cing con cao, trong khi
murc chi tra cGa bao hiém y té cho chup MRI hién chua
tinh dén ZTE, tao rao can trong ng dung thuc té. Thir
ba, nguén nhan lyc ciing la mét yéu td then chdt: bac si
chan doan hinh anh va ky thuat vién can dwoc dao tao
bai ban dé lam quen v&i protocol, anh gid d&c thu, cling
nhw quy trinh tai tao anh téng hop.

. KET LUAN

ZTE MRI Ia mét giai phap thay thé hiru hiéu cho
CT dé danh gia vé xwong ma khéng can str dung bic
xa ion héa. K thuat nay mang lai nhirng lgi thé vé thoi
gian kiém tra nhanh, quét im lang va kha nang chéng
hién twong nhiéu. Cac trng dung ctia ZTE & ving dau va
cb trwdc day bi han ché bdi gidi phdu va bénh ly phirc
tap, tuy nhién hién nay da va dang dwoc cai thién. ZTE
khéng thay thé hoan toan CT, nhung cé thé la lwva chon
thay thé trong mét s& nhém bénh canh d&c biét. Viéc ap
dung rong rai ky thuat trén 1am sang sé dwoc thuc day
nhanh nh& nhitng cai tién vé mét k§ thuat va hau xi ly,
phan tich hiéu qua vé chi phi, tdng cwdng dao tao.
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TOM TAT

Zero echo-time (ZTE) MRI 1a mot ky thuat hinh anh méi str dung cac phép doc cuc nhanh dé thu tin hiéu tir cac mo T2 ngin.

Cac loi thé bo sung ctia chudi xung bao gdm thoi gian chup nhanh, quét im ling va kha ning chdng anh gia. Mot img dung manh

mé ciia cong nghé nay 1a chup vo xwong ma khong sir dung birc xa ion hoa, do d6 co thé 1a mot giai phap thay thé kha thi cho CT

dé sang loc nhanh va MRI “mét cira”. ZTE ngay cang duoc sir dung nhiéu trong chup anh co xuong khop, cac ing dung chup anh

than kinh. Trong bai viét nay, chiing toi xem xét vét Iy hinh anh ciia ZTE bao gdm céc tity chon chudi xung, cac han ché thyc té va

t4i tao hinh anh., t6i vu héa hinh anh bao gf‘)m thu thap, xtr 1y, phan doan, tao CT téng hop va khéc phuc anh gia. Chiing t6i ciing

gidi thi€u cac ung dung 1am sang ctia ZTE vi du nhu hinh anh lién quan di tat, chin thuong, khdi u va céac thu thuat can thiép,...

Tir khéa: Zero echo-time, chudi xung, nguyén Iy, img dung, tao hinh CT tong hop
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