RZ&

8 TE g D72 D1 )N A b Rl IE: O bl %

HE B N
i FB 1E S 1

P/ I = N [ -2 B R
L A, aBE 2L WANGK?

TORBE Y

RS HI AT ¢ 7 MRI ¥ A5 AR

e SN

FL&IC

BAE MRI CEEIRNICH W STV 5 E
By —4r VAT, Ta—EE5Tsd AR
(LUF, TE) B3 ms I ETHA. DD,
B 7 S L AR S ORI Rk 0D 32 B 75 M
2, 2o TEICk L TE W TefixF 3 57
O, Ry —rVATEtSEa v S AR
Boniroyo. BlziE, BEHKEO%RE, E
AR, WH, TV AR, REE MM
Tefli%, ZhZzh 5~10, 5~8, 4~10, 0.7, 0.4
~05ms TH5. L7h->7T, TE #HH us
IZ4EME CE N, RIS Ch<EkERa
IKALAHI 2 & b EFHE LN AHD.

D koGS E TE (Ultra short
TE) v—4 VA EWIEN, HESF CHRER
HEATWAEDY, B TE v —7 v ADFEBIC
X, ST 4TIV VTV TEYRLIE PR
B, Fhkd RF 7OV ZOHEMEALETH 5H. Hx
OF ket T, 88 TE 22LEICER] I 51
FN—F D = 7THROBEDOEE R VI $5
CEDBME Lol LL, REEROBHE
TE v —>7 vV ADOWFTIL, HETE 2% 8~
100 us LHINHDDI~D, IN—F 7« T ik
DOEZE L HEGEICE T 2MEIXIT LA E R
ol SEEAZERKTOMREEZEEL, &

BE LRI ALY AT LRMFHRA T « VY AT La—A

TN—=7 X7/ 2=V Th, B THE
DT A% v V CREICEHBGZIREGTE 3,
CONA L 7e#BfE TE v —7 Vv A%BFEL, 7%
L A2l g (Te=0.3~0.7 ms F2E) O
WCHEAL, TORREMRL . K& T

AN TE v — 7 v AOMEL L UN—F
Yo TEELEHBOMRICOVWTHRNS. K
12, N—F7x THEERRMT H72OICEAL
7o) AF v VB LUEBREER Y O — L HIE
FTEICOWTHRNIEE, 7 7 b ADOEERR
BEUORT VT 4 TREANOHEAGIZRT.

5 &

1.1 BETE Y —7r A

Fig. 113 XY Wi O &IC 1) % @5 TE
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V=V AL TE S 5720, 7501
FLaO—%BEEET LT o TV T VT
FICR LT, (DFHE RE 7OV AD K250 4
i fH 3 % half pulse®, )T a—E50HK I}
S EEBET HIERNFRRIEAETD . BT, Inb
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> Time

Fig. 1. Pulse sequence diagram for UTE based
on GrE sequence. A half RF pulse, a half echo
radial sampling, and a nonlinear sampling were
used to shorten the TE.

BEIERIES OV AN N BB § 50, —i%
B EAMES OV A N3 B A REE ONGE
SWRB B0, TOMPIEEIC L VEELS
b9 %. Fig. 2 \[CHEFHES IV ADOW IERE%
BXHICRd. Fig. 2a iy —7 VvV ATEHEL
7o BB 7 RS OV AT R 2R L, Fig.
2b FIEAHES OV Z ORI 7E T /30 A
WROEDELBEERT. 2D XDk
BeFNPIRERD, BERES DA Vicins
WEREEOEEICIDAET A, Fig. 21IRT
HEARHES OV ADRFERY 72 3 h 2/ L AT MR B
Db 5H%E, TOERNGREITE L L CER
W OV ZDFEHN e x4 2 v Fn (LT,

timing error) & L CHN 5. BETE v —~7
VAT, RESVZABLIT—2F v TU v
7RGSOV ZARINORIZ 2D XD 7%
timing error 8% 5 &, BWEAEL < HbT
4. CZ O timing error % Fig. 2c IZ/R4 L DI
FIET % C & T, BRI BERES OV ADH
BRESKEUET L0, BEIZKRICH
ET%. o MRS OV AIREIZ O\ T

3, VAT LDONEBEB TEYHL T 5F
FEOL, EEREBEBTEUT 5 FED
FAWTHIETE 5. RIC, E-5BEESLER

Fig. 2. Error of gradient magnetic field pulse.
a :ideal case. b : case of timing error and distor-
tion of gradient magnetic field pulse. c : case of
remaining distortion by correcting timing error
of b.

T2 5 timing error * half pulse 5 X U%’F?ﬁff
HMS T o TV T VTG 2 HEEIC
TihR 5.

1.2 Half pulse {Zx}¢ 5 B2

Fig. 3 (1 half pulse O A B AR
Half pulse Tix, RF /8L A% % (RF /L
ADFES) THHY - Twb iz, Fiidsh
BAGAATOT 7 A )FT B —FIZk5. L
L, AT A ABIRERESS OV ADRRM: % )X
LT L cna—GBEEmET5 L,
RF 7OVAIZE D 52 BN b kZERB b S
72, ELVWASA AT 7 >4V b5
(Fig. 3a)13. T oW, RF /L ADRRY & A5
A ZBIREREE OV ADOHIMZ A I V7B
ns&, ERF/)VVAICEIDEZ NS kZE
MICrBETNBEL B, FD72%, A5 A
RS SOV A DM S AN B 7e 5 2 [ OF
WTHBLI-Za—RBE5EMELE LT,
AS5A AT AT 7 A VPESIE L WEBIC /2 5
7z (Fig. 3b).
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A\ N4
Sequence Gs | Gs ™
L | i 7%
Timing error  Timing error
k=0 k=0
K-space trajectory =I< - > | < -
iven by RF pulse g i
9 y P Positive Negative Positive Negative

A\
N,

Slice profile

a

N\

NANEEYAN
Ny

b

Fig. 3. Outline of half RF pulse. a : ideal case and b : case of timing error. A pair of echo signals
acquired by using positive/negative slice select gradient pulse is added each other to make com-

plete slice profile.

k't kyT

ot

a b

=
c

Fig. 4. k-space trajectories on three different sampling (a : cartesian sampling and b, ¢ : radial
sampling) . In this case, the arrow indicates a direction of sampling and k-space consists on kx-ky
axis. ¢ : UTE samples echo signal from the center part of k-space to outer part of k-space.

ETHHTT 4 TNk E 4
B, ST 4TIV VT TETEIa—F
Sk ZZRIOFEETTMHBED LT, k 2EH
ORI T S =2 KT NEEE DAL
HizoB~19, Fig. 4 3=Z20R5 59 7Y
VIRICRT B kK EEOY VT v T
R, 2T, REBTao—ov Ty s
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Ma=F£y. h—5v7 v 7Y vs (Fig.
4a) TlE, kx N ETIC T a—%2 G 5,
S5 T7VY V7w (Fig. 4b) Tid, kx-
ky O F S 2 FuOIcmlEE L Cna— &2 g
5. ILICHE TE (Fig. 4c) <Ti, FEXN#HET
BAAW5DT, kx-ky o R 2 6 A-HICE
L Ca—%2Ed 5. COBE, 0~360°
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b

Fig. 5. Center part of k-space trajectory for radial sampling. a : ideal
case. b:case of timing error. White circle is original sampling point.
Black circle is distorted sampling point.
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TEWREREL, TUAF 2 I LD tim-
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9 % & T timing error (LLF, timing er-
ror B) #5703 U XAHBHFEL 7220,
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Start pre-scan

!

| Execute pre-scan for timing error A |

( Start main scan )

l Timing error A
| Calculate timing error A Execute UTE |
| Execute pre-scan for timing error B
l Timing error B
| Calculate timing error B } ------------------------ ’| Gridding |
[ mm ]

—— Prospective pass

------- Retrospective pass

Fig. 6. Flow chart for measurement and reconstruction of our UTE
method. Two kind of timing error are measured and calculated by pre-

scan.
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L TH T — 7R L R ICEG A 5N
B ERMER LI, 77V AOBRGEMH,
FOV =250 mm, FA=30, TR=100ms, slice
thickness =5 mm, NEX =1, image matrix =256
X 256, projection # =128, scan time=0 : 52,
TE=0.5ms Th 5.
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VT 4 TR L, half pulse 7SV AIC L DR
LB AT A AHESHEZOIHE D7D, HIFAS
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EL/o, WBAS A AEIOB S BEBICH
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% kZEZEOEESTNT, BIZT7 7 v/ F Ll
WORER ZHEIC 257 Y, KIEICHE G E

{ 7z - 7= (Fig. 7c). Fig. 8 i3 timing error ff
IEOFEOHE B EZRT. 71U -2k LD AX
Withi £ %9 30 ED A T Y — 7 DWW RIZHEWT
4, timing error O IE 7 L Tl &M 1A E
-7z (Fig. 8a,¢). L7 L, timing error ®
FIEIC XV EEOEEIIKIBICSEET AT &0
R T&7- (Fig. 8b,d). A7t & —iREBIC
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7e A4, timing error 28 YN HIIE T & 72\
eI nicy, SEOMRIDATIVT
U ANGA 72— T4 timing error %
WIETEL T &Mk,

Fig. 9 [ZBAF& L /= timing error O IF % 1
L7485 TE v —7 vV ATHLN/EERS v
T4 7 OB %3, Fig. 9a~c i3 ARD
SAGHBRTH Y, WEAT A AMIL, W&
B2 50 mm 4 72/ #—LTwb. TE
=0.25/10ms ODWFNOBGIZ LK E LT —
F7 77 F0In K RIFEEGIEON, E5HHE

Intensity [a.u.]

Position [pixel]

Fig. 7. Phantom images acquired by using UTE under existence of the
timing error. a : ideal case, b : in the case of timing error between slice
selecting gradient pulse and half RF pulse, ¢ : in the case of the timing er-
ror between read out gradient pulse and echo acquisition. Timing error

for each case is 10 us.
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Fig. 8. Resulting images of oblique imaging. a,
b : axial images and c, d : oblique images. Im-
ages are reconstructed by using a, ¢ : no correc-
tion and b, d : both slice and readout timing error
correction.

BICH W TEAR (R AEEFICHE I
T\w5. Fig 9d~f3ERS VT 1 TDOT FU
2O SAGHBRTH D, ZOBHEL, K&k
T—=F7 57 PR, ESEBICENTT F
VAR (RHD) BEfEsici#itshTns.

% £

£[El, U AF % &M\ timing error %
WES5HRERALA, SO XD 7%y
755 — X % {#i 5 72 timing error O IEIC DWW T
i3, EEOFAKCY 7V AEHEHOY—7
VA AW TEE e T 5 FED B L, K
SO BN INE 7y — 7 v A% K LTk
DFNER/ES 2 FEVHVPREI AT
5.

AT A ARIRERE OV AD timing error

d e

Fig. 9. Volunteer images acquired by using UTE. a—c : resulting images
of menisci at knee (a: TE=0.36 ms. b : TE=10.0 ms. ¢ : Subtracted im-
age from a and b). d—f : resulting images of achilles tendon (d: TE=
0.25ms. e : TE=10.0 ms. f: Subtracted image from d and e). An off-
centered slice position was used. Scan parameters were ; FOV =150
mm, FA=90, TR=300ms, slice thickness=5mm, NEX=1, image
matrix =512 x 512, projection # =604, with fat suppression pulse, scan

time = 6:05.
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Ultrashort echo time (UTE) sequences with radial sampling make it possible to visualize tissues
with very short T2 decay times. The UTE sequence consists of half radiofrequency (RF) excitation
pulse and half echo radial sampling in which an echo signal is acquired from the central to outer parts
of k-space to shorten the TE. Because this kind of sequence is very sensitive to hardware errors, such
as those in gradient timing caused by imperfect performance of the gradient system, good image qual-
ity requires correction of errors for both halves of the UTE sequence. The errors grow complicated in
normal clinical usage, which requires the ability to vary imaging conditions and parameters for gener-
al oblique imaging planes. Because clinical examination time is limited, we need simple and robust
UTE methods. We have developed a robust UTE method that consists of short pre-scans to estimate
errors in gradient timing. The timing error between the half RF excitation pulse and gradient pulse is
first detected and corrected before the UTE sequence is executed. The timing error between the half
echo radial gradient pulse and signal detection window is corrected in the reconstruction step. As a
result, tissues with very short T2 (from about 0.3 to 0.7 ms), such as the Achilles tendon, knee menis-
ci, and cartilage, can be imaged without image distortion or artifact by using our UTE method.
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