T 2F LR 2021 4F 10 H 28 36 555 10 ] Radiol Practice, Oct 2021, Vol 36,No. 10 1321

RS AR 1 6 ] CZTED e 91 B AR 5%

IR, I, 2%,

[(HE1 RwkatE(ZTE) &2 — #4880 bk KRk B otk =% T2 RBEHA R L ABERE
BT, BHEHRAIAMEF E—ERBRELRATHAHRERRBEOGRL, 2138 F R R L&,
LZTEBRRCEEERA—ANABRBEZINFT 2B A TARE 2%, AXHEZwm ZTE R KA K REA
By BRI RAR K I AL R R AR ZTE AR L R HATRZ,

[X@EIMY SEwakat|; Btksid; AR

[FESEES] R445.2; R—05 [XERFRIREB] A
DOI:10. 13609/j. enki. 1000-0313. 2021. 10. 024

Z [\ P 15 [6] (zero echo time, ZTE) MR £ R A4E N
— B =4 R T2 R SAR B FRE PR I M 7S A5
Mo Weiger SE0VR . NIRJE T2 oy EEA K
ST JUURBE B 2 A AR S S i A R L L 81
3275 ) G i A5 5 R 42 F 0] B i Xk LA 380R 4R i T2
59 W OZ TR HEUE 51 R R ER I o
5 X, Bk, BRI R b Lih K T2 (55
HE T2 ES ARSI, ZTE &R T2 4
FORR) PR A T AL 58 MRT R B9 L L ik i BE 48
1) K K L ZTE J5 30 2 3 W 8 OF i Tl R . A
CAE T A A1 ZTE $OR A 7 B Al 2738 ZTE M
TR B B i IR XT ZTE $R kRt ir R,

ZTE Fr 5 R 38

AN TR T 22 M 15 € 13 5 RRG B2 L 41 L ZTE
79 2 3 T % 5% 3 @ (projection reconstruction, PR)
WU AR TS T R RS S sl A e R 7 OF E
BRI B 8% Z U8 (free induction decay, FID)f§ 5
AR T2 UREAR o BAR R SR 4R 52 45 WS 5B )
F18) IR At o AEL 2 3 3k 48 6 2 el U I /4 WA =X D7) 48 o 1] %
U8 o [) £ 2K T e A M R I ) — R S SR
LY R I ] Sy S, T A RBOCR R A T2 fF
Lo

1. ## ZTE 51

ZTE F7 50 J5t BAT R B0y S Hiodhs R 48 R 1 o
PIER Iy o OB RAE - H T 5 LREILAR P 51 32 2k
#5745 i (fourier transform, FDE I EHMAS F/R
Bl g K 23 8] 52 A AL G e s 1] B ) e i B g £
ME}’E%iﬁ‘L:GSOOOO =M RUERKER R ERE
e W 1093 T L

AR AR R AR 5T
BIEE P Uk, E-mail: sunxuejinkm@126. com

[XE4S] 1000-0313(2021)10-1321-05
FF A (R IR %) #R1RE3 (OSID)

o WAL R B A S e R PR STt S Ak e
SR I 38 2o SR A I b SO B 37 1) U0 4 7 AR A S TS X
PR AT S AT g B R AR K Rl e R S e S Y 1R
SR A A U T2 (55 R = . ZTE J¥
B R P 435 F v L AE AR AR AR TR ) R 0 4 45 [l
i 1 7 2o B G 1) A0 JE 2R AR I R K A (] B AR
(] AEL 5 Z2BR 1 LT 8 PP AR 7 4 A% 1 428 1, BE LA die PR
52 WO 5 43 ) g A R B SR SEY . ZTE J7 4
B — 2 K 25 8] 50 R 4 D B () DY R — A~ H A
[a] (repetition time, TR) J& 1 JF 4 Aif & 5 JE4T 86 B 3%
A NC T 746 B2 3 T J3 0 1 B0 Jita o S5 430 Jok v Jok o =
TiSETT JE A0 B 3 5 B {5 5 HEAT 9 B AR 4R L IR S
MY O F —4> TR R4 . ZTE Brk
PR IX o S e 8 J5 O AR 5 R R, 5 BR 1 W LY
A1) v SRR o S AR BE DD 4 B R TR S R SRR
Z I BEAATATIER . @ PR sy T 3 UGB I ]
HYFFAE > 30 K 23 8] ool 38 2 Bod B2k, 3 AT IR
GEES AN FAi. ZTE 75 /Y E 14 &l 4
T B AN A R W R . O B kb
ZTE J7 516508 R 4R 2 78 vh X B0 A7 3 R AL SR 5
@ 10 % & (algebraic reconstruction, AR) ¥ — 4
HS A el B2 5 1 A ] AR R A S R0 P A e 4 L T S
A (1Y 7 ok B D 5 25 22 ) 19 508 25 1 B K 2 ]
R O3 BB | 28 0 S A ST R A R R e R Y —
4k K 2 (A B . O BMRE . 7e 400 SORb 1 S alf FoRe
ANTR) D5 1) i —4E K 23 [ 38 416 WA Je 8 B K
25 () 55 4 E AT bR o 9 A b Ak B TR 2SR R 2R R A
H s B AL 91 ) K (R B0 B 2K, s i 2o = 4E 4
7 A A A LR

ZTE Jy 515 B £ 52 1 8 12 M0 6 9 4 5 330k i 15
SR AR S T IRT I A (R A Y S L O ELRE R LA



1322 T2 Sz 2021 4F 10 H %5 36 45 10 ] Radiol Practice,Oct 2021, Vol 36,No. 10

A |

RF e e———

AQ : ,

a /;
k=0 ®

Bl ZTEFRF % K=M&HERETER. 44,
HMbk oy RE X BT /B HEY G Rt ZH 2R EA
FE It E—AETLEE TR RBEHFR L ;MG .4 8 5%
oA G AR F RF; 28 kst R et A G X B H R
% 5 Bp b = 6y FID 42 5 347 = 6] 4 25 OF 7R Sk 3%
FEAQ, BT H et TR= % &0t ) (Tenc) +
#EEERE(TG),

K K25 [H 3 BE XA T2 (55 317 RE&E. BRIz 4,
WP HIM L ZTE JF5) f 4 S B w4 OZTE
P A2 A ) 3D 14 5 5.l R A AE S K o
RTTF I« S 500k o 35 % 6F T 305 T Jon )2 T P 2 4
Kt ZTE J7 5 Hag#E17 3D HHl. O#F & Hl. 1€
ZTE JF 5| 85 5ok b F2 b 86 B 3 s AR R T
JERAS s HUTE A I R 4R JE 0, B EE & B[R] Crepetition
time, TR) Z [B] A" 25 #F 47 35 >4 9 %, DL ek 28 SR A 1)
R 32 7 3 v s B 3 Rk AR R el A L R 2 1 L
MEFE . QBUGFREE R . B R RS b T R
T B4 R B KON S B R T K S (RS A ) o A L R T
PN 428 T R R e . @ /N B #% f (flip
angles, FA) FIJE TR, oy 88 ik b 55 22 15f 18] 32 31 B 4]
AARAF I FA B/ I By 90 034 ok 17 B, 25 Bk
TOEHLT S R R B U4 R TR 808, @ Xz 3
g S sh e A UK. ZTE JF91) 3 T ik,
R A 2 g 1) 07 2R B AE 5 I AT R ik K
23 () SR S 75 DAY /D32 Bl B i sl A 56 O 5 R 1 52
i, ©ZTE JF50 1 R R AE T 52 %)% 51 3 & b af
Vi) £y IR 1] o T 3R A5 Ay Pl % L B e B — 3 A T 2
JEIACEE T1 AL, I H.25 5 32 35k B 2 8 5 1
WA T2 {555,

2. EH M ZTE 731

BEA ZTE SORBAWT &5 AT T 38 hn 8% £
JE U0 F AL HIE IS I 1) %of P AR S B A 2 W) O R 2 T
ZTE FARA I 7 51, 32 2858 3 w2 5 430 bk b 26 3, 4
FEIEHN K 25 (] ot B8 9 7 XL A LR 3 Al
G ;

(1) {8 37 27 3 1 45 il 18 (sweep imaging with
Fourier transformation, SWIFT) £ %) . % ¥ ZTE %
G el T K o A 2 R RR AT AR A d K S A K 4
B (4 08 55 /0 o PRI w RUAE Jok oo BT 7= 2 1 B2 £ 3 52
B, SWIET J3 81 vt 5 7 SR FH 48 3ek i i A0 1 236 37
1l 8 S A3 Ik e HC TR T 4 R e g — o e 5 I v
TE Wil Dk o0 IS 1 JUBRURD X5 5 AT R B AR U AN ]
BRFAT AP T B RE . BREREZENE. &
it 3D J A5 A ulE bR o RS Ak 1 T 3k o8 BUECHE 1Y
A B L fe 2 AR AR T R

SWIFT HARA R e Ik 18 M ZTE F7 5 B % £ 45
ZINEA T I3 ik 5 R W S R[] Y 6 R L 3
Ao PR D) 480 2K VB 114 9l 5 4 AR S B S I Y
HE RV 64T o T 90 1) JR) BR AP A T v B ] 23 9 238 00 2
Bl M B SR Ay T AN I8 T T T I DR 41 4 43 5 e K R
It & (specific absorption rate , SAR) & F & M /%
),

(2) 3% 5. 9 % I [y /b 55 42 1] SR 4€ (pointwise en-
coding with
PETRA) 5] . PETRA ¥4 K Bl T RLFLEA R
A 10 SR B VT R K B R B T R AR U7 B LA 1 U
2B K ) i B R 4 0 b O AR R ER 4. K
23 [B) A0 JE FR H ZTE Jy 41 i 3 42 ) SR AR 58 L K25 [l
R T B 5 1% (single-point imaging, SPD) J¥ 1)1
R R B R AT . 58 R R A R T 4
W& 0 g o w AR R .

BTG T ZTE il SPI B R FF], dhf5 5 R
AR I B A K o H P LA i 1 2 B PRI R L L 72
BrEfe LT H M ZTE J7 51 H A8 {4 JCFR iR 25K, ]
ARG 1 o 11 R MRT F1 4310

(3) 7K Fi i g 400 ] T 4 5% iU & (water- and fat-
suppressed proton projection imaging, WASPD J¥ % .
WASPI J7 51 2 A 30 il K F g 05 455 i VE T, R0 B
T2 {55 . WASPI 741 rh g S o 7 bk ik 45 1 1 A
K 05 1803+ AR R K i 22 J it Jin RS AR AR B2 375 . felE 7K AN
i 107 14 45 5 2% A S A 803 T KR g i A S
WASPT $ AR o K23 (1] g B 2 i 5o AR A6 132 37 5
JEE L SEOIVAR S B A8 1) 2R 6 DA S BEXT K23 i) 0 B0 Y
SRR AN TR BT %0 vk A R A R
WL I TA) 43 B R s T PETRA F 4,

time reduction radial acquisition,



T2 SR 2021 4F 10 H 48 36 %5 10 8] Radiol Practice,Oct 2021, Vol 36,No. 10 1323

Zi BRTIR L HOL ZTE P8 i Tt fa 5 B 2 3
AN BAT ARG 0 88 R 1 A 8 P Al ST R Rk A A
(1 £ Pl L e Wi SiE 3R I (4] 52 /N 19 15 0 P RE o (HL G
XA 28 48 B 2 Vel R By s SWIET Jy 84 8 v ik 1
WAL ZTE J¥ 5 B i f B/ 1R PETRA Jy 81 7E £
WA S 3R s ] 458 g 20 B8 P 52 5 WASPL TP 91 £ B
BALLUN T2 FE P 8] 25 12 SO 8 A ] A2 6 1< s I 1]
SRPEEREE L A LR SRR AR A YRR Sl
WAL BT ) WA ZTE P 50528 R it
i 2 e K et el R B ok o

FiES.
R A

L A

HHT B 8 bR e SR )2 CT . HOs Rk 2
PR BUAAR AH L SO0 b B A 2% AR AE L B AR A . M
W2 N Mg ZTE 56 7 73 750 09 8 . MRI &
A [) B AR A 5 BT A o Rl B A e BE B O HL TG H B AR
SF. Ute 261 R I —Fh JG 28 | L 8RN A 11 i P9 2% 1 4
1 MRT G b A U0 PR TERSN RN 2 1
B A 2 B e S MRT A] 3R 5 CT AR & 19 K14
It ELAR P9 43 BER AT B 4 min, Djaudat 57
XF b SWIET B BE [0] 3 . CT X 4 14 24 4% 8 /R i U
JE 53 90 %of TR AR A0 A 1A 1 AT R AG S R0 TS A B A
BT AL S T B L 45 R s SWIFT 341 Al i /R X 20
pm B B0 2F T A5 L T8 /N T UG AAR R ROSE TR B[]
JP9 e CT BAR 204 DA s 1% 2 8% . i iF 58 i 0R
SWIFT J3 51 ] LAAG 850K 4 Vi 28 80, 5 eI B /)
FLAR B PR o i T 5 2 55 B 7 1) I & R e M1
YR B8 1 L2 2% B AT UAS KR B AT MRT %
£ KA T AT AR . PR R R A Y R A
F B2 B SN A o AT SR I A S A B R B2
AR T AN DL L B R A AR TR R BT A B

2. 1 A

] 38 I T g L R 0 A8 3 Y 2 B ZTE 5 i 2250
Ik B R ic (arterial spin labeling, ASL) £ A& #H 45
0 B HE IR I B ARORT B AR TE R G E
1SR B BF R] 780 AN 32 %8 L 751 8 e B ) 0 B o) 3 o e R
Fric if (8] B AT S B0 2l 245 0 4 i 0 AR . R R M
SEOLL CE-MRA A8 8GR R EXT 47 B #3547 3D
TOF-MRA 5 ZTE-MRA 3k #09 1fi 4 MR - X5 b 53 B
3D TOF-MRA 5 ZTE-MRA K% 518 X 5N 3l ik 7y
SRR, 45 R B R ZTE-MRA [ 4 5% 1 B4
s BT 3D TOF-MRA, £/ ZTE-MRA 3k #i
wR Sl ks 15 AT B AU CE-MRAL B A 4 i K B #r
fE.

3. HIAL

NENRE T2 HARZEDTEB NR G E 5K
LR B AE. BT ZTE #iR T H % B4 T2
J o3 AHDRE T FE R 9 RE 4 11 B 2 A0 B B O 1R R .
oA FE R AL £ 812 W B B U A I
ZTE FiRAALA R NG W) 0385315 5 - Al B A 3k
IR KA BLBUR 15 5 v b T G2 B U AL 12
Wi XURE X £ 5 AN T 2k A B % N K SO LB
BT PR R S BRE T B B AL 12 W BB BT KU PR A
MUERAPEY . Ryan %0900 ZTE J3 510 W 1 FJH &
T B AT TR 20 i D R B BE OGRS
FEE CT fafk i, kW ZTE Folift rhy
CT A — S0 B X L BE i N 22 1 s 80 CT B4
BOGIFHRTWIES % B S CT A B &m0 — 2, &
AR ZTE 750 a] LA O U CT K #E. Sung
SN PETRA P9 8 HUT S M 45 & AU & T
DG KL M A it s i i 32 JF HLLZTE $0R
i 0T WURE B0 S 40 A T

Btz Ah & T2 40 i 77 41 R[] AR A7 2 ] 36 B
[d] (in-phase zero echo time,ipZTE) J§ %17 0 %k 2
I MRIE LRGP R T2 {55 89%F bR, i 17 1h
XTI B i 1 52, iy PET/MR 32 98 £ 1E il MRIT
SRR T R 1 1 52 B 28 E LA

4 TR R

TR ST H S 32 1 TSR X ) T ) 2 2 R ST
TRITTE R I ORS WE R L VR T R Y R E RO T MIRT I
CT KR, AFRBUEE M MRI 5 CT K&, 72X &
AT PO ST B TR G R A 33k b A XA A A [ A
T, Bl CT HiARYS K& ZTE % 5 8195 15 51 1) I
AN HT s MRT AT LR IO T 350 606 97 31 30 09 o 5 2%
JEE 53 A R A5 U, Centre S5 75 A Y [) — R b3y
ERHTSE T LLE S CT E M Ar e LB P 51 T1 &
%5 ZTE B3 nyth CT . 45 R B Fl
ZTE K&t CT 5 H S CT {HZ | /Y -F- 14
X iR 228 20 HULBCH BT 51 T1 EHRMEG M 52 5 . 4
/N ZTE R84 s 10 CT EIHR A HERA 1k

PR S A T MIRT ) 7580 238 36 97 3 R O A 2 7T A7
. JF H AT 5800 & 4% MIRT e B4 U0 L BE 1 A 3% 0
TR X ) RO L TR AR R P TR
#.

5. il

T ZTE HR 55 R A W] (8] 5 A &4 b ik e 1
W12 328 2y Xof PR 1 52 1 o R 7 58 6 1) I ] PN B2 41E 2 43
P B il A5 A 5 S H A B R 5 R LR X e
JEE . 5 CT Mt ZTE $ A 7 il 3 i 1 A H A R K
AT 15 RE A Fi e Ml 21 24 A 55 il 70 9 7. 39992 W 1)



1324 HCATAE S0 2021 4F 10 A 4F 36 £48

10 #f  Radiol Practice,Oct 2021, Vol 36,No. 10

SHHE
6. ¥ E
B 5 1 IR B 103 K MRT B4 % ARG 25 -

B AH M 75 0] Bl 4G o 1 52 el 32 i S kR AT Y A

JA A W7 MRI G A rp e R 2 S 5UR H 0k 2 2 K

A 0 B T 0N T 4 8 R DL g LA

#H
ZTE Fp o0 rh b6 B 3 72 JL-F- B 4> TR J 0] 4 f 45

AE I HAERA TR AWIRICH B ROR A 2k

VA o o 2 2k B ) A8 TR R Bl T A Z s AT . ZTE

Feol b EE R A S R W R RS . B ZTE J7 41

AT & 2 tn ZTE-BURST™ looping star™ 2540 &

J 50 AT FE /N MR RS A B OO T AR AT B B R U T2,

T2 » JIALER . BRILZ AN ZTE $R7E# IMRIT |

F Ty WIS S5 2 2 BT —E ik e,

VAR VZTE PO & el i, A1 2 0% 18
B RGEPAEA T RE RN R IR RV 2 el e
AT T —E W R Qe A N ) BT A R
S RS I I = U1 T = 10 o = 0 /AR 2
Wi IR WEIEBR T R B LR G R
SPRIT AN T I A8 il S 5 I 4 B B LA K B G
BT BRI Z AN ZTE BRI BAT % R R
e B E’J(*’iﬁ““

BZ L ZTE Fp ) BT & 5 0 HT ASATE A8 D5 T
YRAN T G R A A N R SEBL T X B O A
T2 MR RLAG T H AR T R IR e St s 1
TG ILARAG A A AT 8 BE L A — E R E B AR T RS IR AL
G R B . EAR ZTE J¥ 51 1 N FH 32 3 E%EI?EZ
I 1] B 24 B 45 A8 A7 M e o g IR A H 2 i o T 45
b W% P 51 L B e P B 0 B 1 A%, v — e AR
SRANAN R DU T 4 0 R FE % S0 R . BT
ZTE $OAR B R 7 2% R 3 A7 B A8 R R 1 I 4R i
B A8 2 iz B AR R AT AR
SE K
[1] Pruessmann MW &KP. MRI with zero echo time[J]. eMagRes.

2012,1(12):311-322.

[2] Garwood M. MRI of fast-relaxing spins[J]. ] Magn Reson, 2013,
229(4) :49-54,

[3] Wright KL, Hamilton JT,Griswold MA et al. Non-cartesian paral-
lel imaging reconstruction[ J]. ] Magn Reson Imaging. 2014, 40
(5):1022-1040.

[4] Brunner DO, Furrer L, Weiger M, et al. Symmetrically biased T/R
switches for NMR and MRI with microsecond dead time[J]. ]
Magn Reson,2016,263(2) ;147-155.

[5] Marjanovic J, Weiger M, Reber J, et al. Multi-rate acquisition for
dead time reduction in magnetic resonance receivers:application to

imaging with zero echo time[]J]. IEEE Trans Med Imaging,2018,
37(2):408-416.

[6] Schichan K, Weiger M, Hennel F, et al. ZTE imaging with en-
hanced flip angle using modulated excitation [ ]J]. Magn Reson
Med,2015,74(3) :684-693.

[7] Zhang ], Idiyatullin D, Corum CA, et al. Gradient-modulated
SWIFT[J]. Magn Reson Med,2016,75(2) :537-546.

[8] Lehto LJ,Idiyatullin D,Zhang J,et al. MB-SWIFT functional MRI
during deep brain stimulation in rats[ J]. Neuroimage, 2017, 159
(16) :443-448.

[9] Grodzki DM, Jakob PM, Heismann B. Ultrashort echo time ima-
ging using pointwise encoding time reduction with radial acquisi-
tion (PETRA)[J]. Magn Reson Med,2012,67(2):510-518.

[10] Lee YH,Suh JS,Grodzki D. Short T2 tissue imaging with the
Pointwise Encoding Time reduction with Radial Acquisition
(PETRA) sequence: the additional value of fat saturation and
subtraction in the meniscus[J]. Magn Reson Imaging. 2015, 33
(4):385-389.

[11] Larson PE,Han M,Krug R,et al. Ultrashort echo time and zero
echo time MRI at 7T[J]. MAGMA,2016,29(3):359-370.

[12] Huang C,Ouyang J,Reese TG, et al. Continuous MR bone densi-
ty measurement using water- and fat-suppressed projection ima-
ging (WASPD) for PET attenuation correction in PET-MR[J].
Phys Med Biol,2015,60(20) : N369-381.

[13] Froidevaux R, Weiger M, Brunner DO, et al. Filling the dead-time
gap in zero echo time MRI: principles compared[]J]. Magn Reson
Med,2018,79(4) :2036-2045.

[14] Dreher W,Bardenhagen I, Huang L,et al. On the suppression of
background signals originating from NMR hardware compo-
nents. Application to zero echo time imaging and relaxation time
analysis[J]. Magn Reson Imaging,2016,34(3) :264-270.

[15] Weiger M, Brunner DO, Schmid T, et al. A virtually ! H-free
birdcage coil for zero echo time MRI without background signal
[J]. Magn Reson Med,2017,78(1) ;399-407.

[16] Ludwig U, Eisenbeiss AK, Scheifele C, et al. Dental MRI using
wireless intraoral coils[J]. Sci Rep,2016,6(1):23301.

[17] Idiyatullin D, Garwood M, Gaalaas L,et al. Role of MRI for de-
tecting micro cracks in teeth[ J]. Dentomaxillofac Radiol, 2016,
45(7):20160150.

[18] Piao R,Iguchi S, Hamada M, et al. High resolution NMR meas-
urements using a 400MHz NMR with an (RE) Ba2Cu307-x
high-temperature superconducting inner coil: towards a compact
super-high-field NMR[]J]. ] Magn Reson, 2016, 263 (2): 164-
171.

[19] Song Y.Qi P.Huang J,et al. Application of zero echo time MR
angiography in follow-up of intracranial aneurysm remnant and
in-stent lumen after embolization:a comparison study with digit-
al subtraction angiography[]J]. Acta Radiol, 2020, 61 (4) ; 480-
486.

[20] S 2k, B . 55 & TE HARAE K S04 1 1 R B 47
PROTD. 6 PR e 52 2 35, 2019, 38(2) : 351-354.

[21] Marcon M, Weiger M, Keller D, et al. Magnetization transfer im-
aging of cortical bone in vivo using a zero echo time sequence in
mice at 4. 7T ;a feasibility study[J]. MAGMA,2016,29(6) ; 853-
862.

[22] Breighner RE,Endo Y,Konin GP,et al. Technical developments:

zero echo time imaging of the shoulder: enhanced osseous detail



A2 S2 8 2021 4 10 A4 36 #5435 10 ] Radiol Practice,Oct 2021, Vol 36,No. 10

1325

(23]

[24]

[26]

[27]

[28]

[29]

[30]

by using MR imaging[J]. Radiology.2018.286(3) : 960-966.
Breighner RE, Bogner EA, Lee SC, et al. Evaluation of osseous
morphology of the hip using zero echo time magnetic resonance
imaging[ ] ]. American Journal of Sports Medicine,2019,47(14) ;
3460-3468.

Kim SK,Kim D, Lee SJ, et al. Clinical value of pointwise enco-
ding time reduction with radial acquisition (PETRA) MR se-
quence in assessing internal derangement of knee[ J]. Clin Ima-
ging,2018,51(5) :260-265.

Li C,Magland JF,Zhao X, et al. Selective in vivo bone imaging
with long-T; suppressed PETRA MRI[J]. Magn Reson Med,
2017,77(3):989-997.

Engstrom M, McKinnon G, Cozzini C, et al. In-phase zero TE
musculoskeletal imaging[ J]. Magn Reson Med, 2020, 83 (1)
195-202.

Kerkmeijer L, Maspero M, Meijer GJ, et al. Magnetic resonance
imaging only workflow for radiotherapy simulation and planning
in prostate cancer[ J]. Clin Oncol (R Coll Radiol) ,2018,30(11) ;
692-701.

Shafai-Erfani G, Wang T, Lei Y.et al. Dose evaluation of MRI-
based synthetic CT generated using a machine learning method
for prostate cancer radiotherapy[ J]. Med Dosim, 2019, 44 (4) .
e64-e70.

Boydev C, Demol B, Pasquier D, et al. Zero echo time MRI-only
treatment planning for radiation therapy of brain tumors after
resection[ J]. Phys Med,2017,42(10) :332-338.

Bae K,Jeon KN, Hwang MJ.et al. Comparison of lung imaging
using three-dimensional ultrashort echo time and zero echo time
sequences ; preliminary study[ ] ]. Eur Radiol,2019,29(5):2253-
2262.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Liszewski MC, Ciet P,Lee EY. MR imaging of lungs and airways
in children: past and present[ J]. Magn Reson Imaging Clin N
Am,2019,27(2).201-225.

Cosottini M, Frosini D, Biagi L, et al. Short-term side-effects of
brain MR examination at 7T ;a single-centre experience[ J]. Eur
Radiol,2014,24(8):1923-1928.

Schulte RF, Buonincontri G, Costagli M, et al. Silent T2 * and
T2 encoding using ZTE combined with BURST[J]. Magn Reson
Med.2019,81(4) :2277-2287.

Wiesinger F, Menini A,Solana AB. Looping star[ J]. Magn Reson
Med.2019,81(1):57-68.

Holdsworth SJ,Macpherson SJ, Yeom KW ,et al. Clinical evalua-
tion of silent T1-weighted MRI and silent MR angiography of
the brain[J]. AJR Am ] Roentgenol,2018,210(2) :404-411.
Manhard MK, Nyman JS, Does MD. Advances in imaging ap-
proaches to fracture risk evaluation[ J]. Transl Res, 2017, 181
(3):1-14.

Biederer J. Using lung MRI and elastic registration to assess pul-
monary fibrosis[J]. Radiology,2019,291(2) :493-494.

Edelman RR, Flanagan O, Grodzki D, et al. Projection MR ima-
ging of peripheral arterial calcifications[ J]. Magn Reson Med,
2015,73(5):1939-1945.

Blunck Y. Moffat BA, Kolbe SC, et al. Zero-gradient-excitation
ramped hybrid encoding (2GRF-RHE) sodium MRI[]]. Magn
Reson Med,2019,81(2):1172-1180.

Seifert AC, Li C, Wilhelm M]J, et al. Towards quantification of
myelin by solid-state MRI of the lipid matrix protons[J]. Neuro-
image,2017,163(20) :358-367.

Cfsc s H 39 .2020-05-26 &8 H 1 :2020-08-09)



