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(57) Abstract: An ultrashort echo time (TE) magnetic resonance fingerprint relaxation time measuring method. Semi-pulse excitation
and semi-projection readout are used to shorten a TE to achieve acquisition of an ultrashort T2 time signal; and image acquisition and
reconstruction are based on a magnetic resonance fingerprinting technology. A TE change mode of sinusoidal fluctuation is introduced,
improving the capability, of a magnetic resonance fingerprint signal, of distinguishing short T2 tissues from ultrashort T2 tissues,
and realizing simultaneous multi-parameter quantitative imaging of the short T2 and ultrashort T2 tissues and long T2 tissues. The
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non-uniformity of a magnetic field is modulated into phase information of a fingerprint signal by means of the TE of the sinusoidal
fluctuation, a BO graph is directly reconstructed according to an amplitude modulation signal demodulation principle, and the phase
change caused by a BO field is compensated in the fingerprint signal, so as to improve the accuracy of signal recognition. In magnetic
resonance skeletal muscle system imaging, simultaneous quantitative measurement of T1, T2, PD and B0 of the bone (ultrashort T2)
and muscle (long T2) tissues can be realized; and said method can also be used for imaging the brain and measuring the grey/white
matter relaxation time and the skull structure.
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B A HOKAS S UL B M B RS 5. KB B X kom0, 3y
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BETMRE(S 5 gk rf, T2% 1 8080 i 78 BLAEMREAS 5 (i 28 - 3fe L& AR (1 T2
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SRR E— /N B E N A k. SRR TS TL
T2AH SFEAAT1 FT2E 2 7] 43 77 R 1% 2 (root mean square error, RMSE). 1/j
FLALEG 45 B Kda. 4bfo.

SRS BN 1 ) B0 BOTR AR B DARSERRL AR 2 24, DL R RGNS Ui LA ASE SR
T2 L, WEALRAS S 2000 F Sk R R A . Bl /K A 57 JUAEE, A
A MnCLEU B R B, T TR g TIRIT2 22 572 I — Rl
FRIE T R (6L 5 94% W) K LI AN 6% S5 46 - T-iin), AZAHPIh (GRS A — A = 2
RIALIRANAR, H A O 5 7K 2 8] (4 i 22 294346 ppmee st T 1A H Bk
43 8% 5] 31 (inversion recovery ultrashort echo time, IR-UTE)/ ¥4I RAE155], H
HTIR )24 50, 100, 200, 4001800 ms, TR = 3000 ms, TE = 0.05 ms, radial 554
=248, hrdE T2 @ = B HUTER PR 845 2], JErPTER (0] 7371251 0.05, 0.2,
0.5, 1, 2814 ms, TR = 1500 ms, radial?5#( = 248. FTAIR-UTELL X UTER 41k
LEME A #8R FIMRF R B O B M BE I T . S hnifET2 e & KiE
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HSEFSIIE, HAHTE =25, 50, 75, 100F1125 ms, TR = 3000 ms, & #HFE =
192 x 192, 7r¥F% =1 x 1 mm?®, [FINRAH 176/8 (Mo K. Sbrk
B SRR R R T1: 12450 %8h, T2%: 745050, PLRT2: 36704, /KIEH)SL
e R EsHea. 6bfias.

N LB ER R R R AR A5 5 ARG ST IR G 2R e, 45 SR W7 T e
ZoRd S IR S, P R 2 R H 640 i Sk AR Bl . S S I 2 LR 4
A, KFAT AR . I8 /R T T ik 21 2R 1) st TR S TR RS 40 11
IR B U I 2R, DA AE i E=130R13930f (G Irl i b s . BI9 A9
NS T ) 1 o R 5 o A CTEMR AT T b, HerhCTR &
MRS H0N: FHE =80kV, HHIL =365 mA, DLP =979 mGy-cm, “F-3
FEIE =034 mSy, EE =1.0mm, PLEZHE =0.5x 0.5 mm,), CTHIE
JEIR N AR S AE 24 1 ZE B i Philips iCT {X(Brilliance iCT, Philips Healthcare,
The Netherlands) %4735, FFiRadiAnt Dicom Viewer (Medixant Co., Poland)
[F =YE e et = 4E I CTIRMR S 4 i LR UG EA T oA o

KR AR JZE N6 mm, ARSHREN)Z)EAT mme A7 B e 1 s A
QI EAG o, i G (BRI ) R +5 A /N I TEAE (0.05 ms) A . 2530
B B Linux ik 45 2% (Core i7 Intel Xeon 2.8 GHz CPUs and 64 GB RAM) |-
[FUMATLAB R2014a (The MathWorks, MA)E ZE15 5], 7K I, /INERA ER A i) 1 1%
HEEHENL0 x 1.0 mm® (R = 240 x 240), ALK HFEN 0.75 x
0.75 mm” (HFF K /N=256 x 256). IR S AL P - Prismad #4158
S ZH0E LAnE

T1: GhIa IR ], TR RIS B MR 2 55 5 5B (1 67 % T 7 1H)
I 7] 5

T2: fIA] SRS [R), R P AL 25 5 AN 10090380k 4 37 9% BT s IR IR 1) i
P b IR T KA, AT DL LRI i T2 Z184(T2<1ms), % T2 41
Z(1ms<T2<10ms), A T2 HL(10ms<T2). B2 % WAk T2 448, A
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LA LUR T K T2 A,

T2 A BRI S IR (), $RAEERE A SRRSO, A I A O B A
100%FEI% 5 37 %l 75 B TR 5

T2 : W AN 53 1 5 | S I Aes i) st R INF [R) 24 28, P 1/T2 = 1/T2% + 1/T2%

PD: Ji T-%% ¥ (proton density), THER 7158

BO: Rl wi/%, BO B I@H (N SRR Bl 4y A AT Rl 16 72 5%

FA: %% 5 (flip angle), FRWCA MK BEA I BT 14 7 Th) O 25 1) 5 52
FA = 90°R, fidfb %t 1 1T 32 i3 77 Il

TE: [Aljif ] (echo time), Fi15 5 PAC O B[R] i o0 22 ] PR IR 1) TR RES o
£ UTE B, TE JBOR ki £ md 31085 H B R0 A It 1) 5

TR: =5 [H] (repetition time), 45 741 P A& A 2 [R) A IR 1] (1] B

HR, A AR R B R B S K i AR R B . AR AR A D
SEEE, AR AR T3 B R R s S, R AR U AR N SR AR
17 & MYLR ARG R AT A2 I AR R . BIE, 5
SR DL b SR A BT TR VEAN BB, (R AR AU PR T LA
Lt AEABE AR R BRSO, T LA B 2 Al A R ]
AR 5 WY PR3 L P i B FR ORI B SR 58 T e o
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W FE KRB
1y B A Dl i T L 1 SOt BRI ) U5 vk, FURPEAE T, (08

PUR R
ST GEN7 Ml AL IRIR SO ARy S TE S S, A4 15X Al [l 5 ) 2
Breas

S2. FIFT ST IR In] i i HeAiR P S BT H1 e i R A Ao g b
AT, ARG k2 AR

S3. H% S2 i JEAA k A (M K HE d— R BRI

S4. S3 1 — FRFNFERAT UG AR 2 1E 52 % sl K B B 1) (echo  time, TE)
W T BO A SR Phase = 2pi- Byyy - (asin(wr) + B) + 1,

Hort, By NHSA S HERE A0 R SR ISR A%, $00: Hz, oAl
w/t TE KRB o = (TEmax = TEmin)/2> B = (TEmax + TEnin)/ 2, TEmax AT Emyin
SR B KA /N )y o DA IESEIE ISR, I (]I &L, 2, -, F17, B
(] Ay — AN S [ (TR)s nfXR T MR I, B, (10 YR 1 T DLE M sin(w1)
FRARIE e 1y XS B

S5 KW EH AR REUS ST T, SR)5X S4 BEAT R f#
U, O B 3R DA BRI sin o) FHIRSEIE N0 7 K, TSI B, Bopp = ——-
Y™ (S . dPhase),

Hrpr, dPhase N S4 I sin(w) ARALAE 5, mT NFSI RS SH, mo i
BB nRAEZ, T =2n/w, SHFx FIHERE, A5G AE O 1, SINERT
RE—AEN, GHACUE SR AR LR 1, SN 0, sHREF M
WATRIR G AT, WAL AR S,

S6+ 4t S5 T B, #ME BN B G AL B JE IR S S o AR5 Il 2L
PRARLURAB A T AR 75 DR AR M FR 805 5 T gt 2 2 4ue = K,

S7. R4 S6 HAHIHLIRN ], EHTI, SAFR R FEAG R
A AR, e R AL AN LE R s v i LR A R 3 a1, 10y Mz, A
Mz/TLAE N B E G, R T1 AR H K, Hdh T1 9 S6 $
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I ) S PR ) S B

2 UIBUR)EESR 1 BT ad I — ol it [ 35 I [ AP L 4 i S50 TR ) 000 877 9
HAFEAE T, S1 R SEIEL R, 83 MATLAB {5 B 5 38 B £ 78 i 14
IR ) B 5, ARG /N )L A O TRl 98 ) ) R 0 5% 9% 23 ) 34

3y QOBURIEESR 1 BT I — ol it [ 35 I () R H e A i S0 TR ) 0 &7 02
HRFAEAE T, S3 il ik 4k £ & fR 3 i 5L i A% i (non-uniform fast Fourier
transform, NUFFT)H# @t 5544 S2 (R 4R k 0 a1 B4l 3t il — R A1 I R
A

4y WBCRIEER 1 P i () — Pl Jo [ 30k Ao () 3 416 i 80t TR 1) 4702

HAFIEAE T, S5 TP E 5N 4 IEDLT, AT LURES S R

1111000
01111---00
$=100111---00

00000--11/ pyp
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