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Magnetic resonance imaging (MRI) ##1C
B 5 3 TtI4EE 3D time of flight # (3D
TOF ) 1IcfkF S N 5 gradient echo 7% (GRE
%) AHROICIABKRIEAINTWS. Fast
spin echo # (FSE ) % {#fH L 7z 3 KociUE
IZBd L TiX GRE ¥ & X, repetition time
(TR) ZRAFEEL LS TR AELRW. ZD7:
o, TG Z g3 57 DICEEFICR
WIRREFRI B LB & 72 5. K & 7% echo train
length (ETL) % % C & CH&KRRH O fafE
WEAIBE &7 %28, ZOMRMEE L Thlur D8R
9%} echo time (TE) OERIC L VEBZR I
FSAL, BERLLT AV, Lich-T,
3D FSE 7|3 magnetic resonance cholangio-
pancreatgraphy (MRCP) @ X %7 MR hydro-
graphy 7z P ICBREMICHFRIGCH ST & /290,

W4, FSE#EZHOWT3RITINELY T 57
DORVE S RRT A 72010, FPOR/ IV A%
IS5 LT, TeELA Y FE—LL
K& ETL # /2 RETEBG IV F 5 A
wHERE L, D, blur 3 5 FESERIK
JEHSNTECWBLEDY, COFEEHVSL T
& T TogfidE G 70 - & EmAERO 3

RIGT — 5 3 R EL R[] TR Al BE & 75 -
7o Fiz, BIE/SOVZAOTY v TEPPNS KL
7o 572 O BWRINER I (specific absorption rate :
SAR) OEHFICLHERNTH Y, EmHBHEET
BB EEZTALT L B9, L
L, SEF7xTifE, T - -Mfkx b
DHEBTORBOYE G, HE L 7-rEFHBR Y
Uy 7HICE - T, TeEEOa Y Fa—)b
DARR &2 BB ELEL, blur DFERK
ELILHREEDRD 5.

Z ZTCHABAEBBOR T VU v A% i
3D FSE ¥/ —% vV AICE\WT, &AL
Uy T HPEGOZER S REEICH 2 H B
modulation transfer factor MTF) O 5 v 4
7 BB S TGS L 7.

5 &

1. fEHNEK 7Y v A% AW/ 3D FSE
V= VA DOWT
LAV BT 7Y v T xR
3D FSE v — /7 vV AV DR AEFREK 7Y v 7
OFEADOEF % Fig. 1L IZRT. ZD/ILA
V= VAT, BRATAETY Y TAOFTE
LNIWT Yy TEERNERR 7Y TAE

*—"J— K magnetic resonance imaging (MRI), 3D fast spin echo, flip angle, echo train length, resolution

properties
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Fig. 1. The refocusing flip angle schedule on 3D fast spin echo (FSE)

using variable refocusing flip angle

MEOY, CORNERET Y TR EESET
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ToEAIHI T2 EBAgEE D, Wi
VEFESALERET L ENTESL. ZORN
FHNE 7Y v 7%, Tidesign, Tadesign & \»
SHFTREINS. HEL 7/ Tidesign, T2
design DED & SO T HEIC X AEESE
LRI B EDICTTF AL vEnTw5D. k-
space order (% sequential order % F§ \» T \»
. EEaV NS AN, RERET Y v T
ArKELTHLET:avV 5 AP, &
INEIGR T Y v T E /S L, partial Fouri-
er % VT Ishot 720 O ETL % 6§ &
T VEEIV T ANMGEI S EHAAD
%. F7z, Tidesign, Tedesign # /NI < FRET
Ll NPT Y v ARSI b ER
TE 1% k-space OFLICFE I N 5 T a0— DO
B Tld7 <, kspace DFLICHEBEINS T
O—DfE FRE & kD FSE 12 L % To i
L AEFEEZEL L, RMUESEEIC
AR AR L, ZOEEFERTE & LTw»

5.
2. PEFRS

MR v Z 5 Al GE #:#! SIGNA HDx 1.5T,
5f& a1 )i 8ch high resolution brain coil
(phased array coil) &=\ /z. 7SOV AY—4 v
A1 3D single shot fast recovery fast spin echo
5 (3D SSFRFSE i) %M\ 7z A2k
B4 13 TR 2800 ms, Zf5/% FiE+62.5
kHz, echo space 4.7 ms, #EHE 21.6 cm %
21.6cm, ¥ FU v 7 A288x288 (st
VY A A2 0.75mm), ETL 148 (partial ky
1.0), wEMAEEH2, A5 4 AJE2mmnm,
ASSET reduction factor 2.0 TH 5. 77/ F
AFNE I mm OF VEHE - 37 ¢ — FIER
Fa—7 (WA OFICZAEK (T E 2340
ms, Tzl 837 ms), 2.5uM BHEESHKEWK (Tt
fii 520 ms T2 200 ms) Z L 72 2 fEHO
TV ATV,
3. ®EHH
1) Tidesign, Tedisign DZEALIC X % 22 [ 5 fif

B DOl

2010410 A 19 H=B 201141 H 5 HAKGT
JRIEE Ko

T252-0373 WEJEABRHEXILE 1-15-1  JtEKFEREHEFMEE T¥R BB
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2EEOT 7V F AEENENZEIAIND
R CHE L, 1) Tudesign # %7 7 F AD
TefEICEE L T Tidesign #2514k, 2) Tide-
sign %7 7V F AD Ti{ETEZE L T Tade-
sign #2581k, 3) Tidesign, Tadesign % [A]FFIC
AL RIEHICOWTRB AT - /2. K7 7
VR AT I\ TEf L 7= Tidesign, Tadesign
BLUZD L E2DFEM TE, HAFHERZ Y v
7% Tables 1, 2 ITRY. o757V
LAEBOMHL Y a—Fhmo7a7 7 )b
#1—7 % line spread function (LSF) & L 7-.
L2L, B5n7 LSF T #xHEEE s h -
T=ADI, ZOTF—2EDELNS MTF

Table 1. Effective TE and minimum refocusing flip
angle, when Tidesign and Tzdesign are utilized in an
experiment using the distilled water phantom

minimum

Tidesign Tedesign  refocusing flip ’?‘%e%ﬁlvse)
angle (degrees)
5000 2500 95 305
5000 850 61 237
2500 2500 92 303
2500 850 58 230
2500 100 18 120
800 850 47 209
800 80 15 112

Table 2. Effective TE and minimum refocusing flip
angle, when Tidesign and Tzdesign are utilized in an
experiment using the 2.5 uM copper sulfate phantom

minimum

Tidesign Tadesign  refocusing flip %%ec(f;vse)
angle (degrees)
1500 750 51 214
1500 200 23 139
520 520 28 158
520 200 17 121
520 50 9 o1
250 200 9 96
250 50 6 79
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BEIBELE L 727000, 22T, SEIEES
N7z LSF OBHEFEB OV A Fa—7 % ADfE
ICAE¥ L 7z. LSFoE5 )V &L T sine Bf %
ERLOW, JERPRN T v T4 VT
LD LN/osine /BT 7 A )V ET—U L
B 723 D% MTF & L7012 MTF (3%
R y OBIBTH Y, ZDH v + 47 ik
Bove (136N MTF OFEBEO BFER %
Ny PATRERE L) EEHE T LILTA
AL LBz L=1/2v.) OBERYED 5.
7 4 v T 4 7 1Z1E Matlab (R2009a)-Optimi-
zation Toolbox @ Isqcurvefit Bd% (Levenberg
& Marquardt ) # AL, IEHPRDF
B TfTo 7. Fig. 2ICEBRT— 2 16BN/
LSF 5 LU MTF HifRO—fl %~ .
2) Partial ky (partial Fourier ) OZ1biC &
% 22815y R HE DR

2EEHOT7 7V F A ZNENZEIA LD
R CZ% & L, partial ky # 28 L S # 72 BA1C
DOWTHER % 1T - 7. ETL i3 partial ky=0.8
® & = 120, partial ky=0.6 ® & = 90 T
5. 1)THWA - MTF ZHk% AT MTF %
BHL, B5N7 v T partial ky 1 & 5 22[H]
3 FREE D ZEALIC D\ TCEHE 24T - 7.

] R

1. Tidesign, Tadesign D ZEAIC L 5 221847 fi#
B DR

Tadesign # 7 7/ F D To fHICEE L T
Tidesign Z#Z5 b S & 7284, I LU Tidesign
77 FAD THETHEE L T Tedesign #%
{LX7-84, Tidesign, Todesign # [FIHFICZE
LS BEOEEKEH N7 7V FAD
ve % Table 3, 2.5 uM i FR§H K ISR 7 I\ 72
T 7V AD v % Table 4 IZ/RF. EBH 5D
7 7 FACEBWTY, Tidesign, Tadesign %
T 7V P LDL D Tifl, TAMICERE L HE
2, bo sbEm AR Le (KFTER).
Tidesign, Tadesign & H 5 FL I ThH ve
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Fig. 2. (a) Line spread function (LSF) of the phase encode direction and (b) modulation
transfer factor (MTF) of the phase encode direction obtained from the MRI image. Dotted and
solid lines represent experimental data and fitting results, respectively.

PEFL/A. 75/ a0 Tifl, TfHIZXS Partial ky #ZL SR/ L EDET 7V F A
ve DZEALICBIL Tld, ZB-AKRE A7z veld, O ve % Tables 5, 6 {273 9. Partial ky % 4L
TRERSR KB W 7 T\ 72 ve & N, Tidesign, IEBTEITED, BAKEHWIZT 7/ A
Tadesign DZALIZ L D K& LT L 7. B LURBEKER W7 7V FAEBIC
2. Partial ky OZALIC & 5 2218455 f#EE O Ve NEAL L 7=, KK A AW THRIE L 72 ve I
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Table 3. Cut-off frequency and effective pixel values
of the distilled water phantom, when the Tidesign
and the Tadesign are changed

Table 5. Cut-off frequency and effective pixel values
of the distilled water phantom, when the partial ky is
changed

cut-off effective . cut-off effective
. . . . T: Te partial - .

Tidesign Tadesign frequency pixel size desien  desion Kk frequency  pixel size
(cycles/mm) (mm) g g ¥y (cycles/mm) (mm)
5000 850 0.496 1.008 1.0 0.525 0.952
2500 850 0.538 0.929 5000 2500 0.8 0.567 0.882
800 850 0.514 0.973 0.6 0.508 0.984
2500 2500 0.525 0.952 1.0 0.538 0.929
2500 850 0.538 0.929 2500 850 0.8 0.554 0.903
2500 100 0.530 0.943 0.6 0.580 0.862
5000 2500 0.525 0.952 1.0 0.531 0.942
2500 850 0.538 0.929 800 80 0.8 0.535 0.935
800 80 0.531 0.942 0.6 0.579 0.864

Table 4. Cut-off frequency and effective pixel values
of the 2.5 uM copper sulfate phantom, when the Tide-
sign and the Tadesign are changed

Table 6. Cut-off frequency and effective pixel values
of the 2.5 uM copper sulfate phantom, when the par-
tial ky is changed

cut-off effective . cut-off effective
. . . . T: Te partial - .

Tidesign Tadesign frequency pixel size desien  desien Kk frequency  pixel size
(cycles/mm) (mm) 12 g ¥y (cycles/mm) (mm)
1500 200 0.478 1.046 1.0 0.462 1.082
520 200 0.532 0.940 1500 750 0.8 0.445 1.124
250 200 0.449 1.114 0.6 0.430 1.163
520 520 0.475 1.053 1.0 0.532 0.940
520 200 0.532 0.940 520 200 0.8 0.475 1.053
520 50 0.512 0.977 0.6 0.516 0.969
1500 750 0.462 1.082 1.0 0.456 1.096
520 200 0.532 0.940 250 50 0.8 0.596 0.839
250 50 0.456 1.096 0.6 0.597 0.838

OWTCHE, SEFHE L 729X T Tidesign, T2
design IZ 3\ T partial ky 28 1.0 XV 4 0.6 B
BT 0.8 DI RE W ve R L 7. BREEH K
W% B CHIE L 72 ve Tid, Tidesign, Te
design #7 7 v/ I A0 Tifili, TefE LD /XX
HE LB B IR KD ve & RFFIC partial ky
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Tidesign, Tadesign %7 » v/ F AD Tifl, Te
BERAUME, SLITKRELFEELHAEE,
partialky 1.0 O & EiZ@E WV ve & 72D, F£7z,
Tidesign, Tadesign %7 7/ F AD Tifl, T2
flik D K&ESEHELBAICIE ED partial ky
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IZFB W T & Tidesign, Tadesign 227 7/ F A
O Tifl, Tofl &M UMICEEEL /2B E &N
ve ME T L7z,

Z £

Tidesign, Tedesign #Z{L IR 5T &2 kD
VA ICEAL DAL /. TR ERET S Tifd,
Tofli% & OWED T WREZHHL T 5720
Tidesign, Tadesign 70 & 2> (3 B+ 72 T1fE, Te
% & DM T RAHIHE S5 L ATE
Il lxh. ZORE, k-space L TORMI
I—FHROEBEEREENPKE LD ve HE
7%, +7bbblur Bk VEEZICHENL &
EZzb6N5.

77/ b AD Tiff, TAABHEDOENIZ XD vell
MEAA U 72, Tufi, TofEO/)N S WERERHT K
W7 7/ F LWTHEEL 72 ve T8, TifE,
TAEDOKECEEKT 7V FLADve LD, Ti
design, Tedesign D% EMEA T1{E, TAEL D
BEN D 72 OITR T A D - 72, Thid,
K EIARTTifE, T2fEO/ NS W BREEEHK
BRI, T HRPE S AL /o O E PR 7
J w7 RE VA KD TeEAFIHEL 2h
F1Z k-space L TOREHEZED TifE, T2fE
DREVERKEHCIBELD O RELS LD,
ve PMEF, $72d b blur 8 & D BEEICH N/
7cOTH%.

Partial ky OZEALIC L % ve DBEALIZ DWW T
i, Tidesign, Tadesign 75 Ti{E, TofH X DK
EWE AL S EFHI L 724X T partial ky 12
BWTve METF L7, Zhid Tidesign, Tade-
sign # KESERETH T & TRAOFREY
Uy TAPKEL D, NEBRoRT7Y v A
DPNIVEBELER T HMENEL EL. &
B, ToWEIFEL Sna<%D, veMES
olclzdTh 5. LrL, Tidesign, Tade-
sign 28 T1ifli, T8k 0/ hSWE&EIL, FE
PR 7V v TEPNS 72T, THENE
{#ETs. 5|2, partial ky /NS 45T &

IC& D ETL AL, ZORE, HRAICT:
HEL T ETL ¥ 01T a3 —DOFEE & )
Vel w0 ve PEL R BBERDD - 72 LB 2
%.

—75, partialky /NS LB E&EH» O T
design, Tadesign x5 & 35 Tifl, T8 &
DS LS ER, %E Lz Tidesign, T:
design 28 T, TR TN TVHICL 20
59 Tififi, T:fEic Tidesign, Tadesign % #%7E
L7cBEa kDb v @< A ERANDH - /.
COBEIIFER TE PEL R ABAINPHH &
"o, CO/NVAY—=r U AW Ta Y
EERAER A R L /285G, T, T:AfED
FWHM PSR AR XD L blur < HNn 5
ZERRLTVA.

Oy g F )V FSEE T, #BEL:
TE (% TE) KO RV a—@go AL
THEBFE S 5720, T/ Wik
E TelERELR blur < ENS. Fi/,
ETL K& WIE & blur 1Z5R< BWN S T &8
HINTWBYVY, KBRIC LD, WZEFRCR
7y % AW/ FSE 13, BB E&rEIC
FoTauvRXvyaF Vi FSE#ICE T 5
blur O L ESHMIC /A5 LB L
7z.

AR HE 7Y v 7% v/ 3D FSE i

7280 fRRE R 2 MTF CEHii L 7=. & EOD
RGIE Cld partial ky /)& < BRE L RWBE,
WH O FSE 3 L 31\ blur OEMAH 5. Lo
L, partialky #/hx< L, 2>, Tidesign,
Tadesign #/h& < L7cd, dhabb7/mt
VEERMEG e G A5 61, TifE, T
BORCHEIEWE & D blur 2358 < Bl
% E WD MO FSE v —/r v A K b Tl
L7-BIR AR % 2 &2 R TG4 508
N 5b.
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Spatial Resolution Properties in 3D Fast Spin-echo using
Variable Refocusing Flip Angles

Masanori OzAKI}3,  Shinya MizUKAMI2, Tosiaki MIYATI?,
Hirofumi HATA2, Mayumi SATO?, Syotaro KomI?,
Atsushi NozAKI*
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1-15-1 Kitasato, Minamiku, Sagamihara, Kanagawa 252-0373
2Department of Radiology, Kitasato University Hosipital
3Graduate School of Medical Science, Kanazawa University
AGE Healthcare Japan Co., Ltd.

A new 3-dimensional fast spin-echo (3D FSE) method that uses a variable refocusing flip angle
technique has recently been applied to imaging. The imaging pulse sequence can inhibit T2 decay by
varying the refocusing flip angle. Use of a long echo train length allows acquisition of 3D T2-weighted
images with less blurring in a short scan time. The smaller refocusing flip angle in the new 3D FSE
method than in the conventional method can reduce the specific absorption rate. However, T2 decay
differs between the new and conventional 3D FSE methods, so the resolution properties of the 2
methods may differ. We investigated the resolution properties of the new 3D FSE method using a
variable refocusing flip angle technique. Varying the refocusing flip angle resulted in different resolu-
tion properties for the new 3D FSE method compared to the conventional method, a difference par-
ticularly noticeable when the imaging parameters were set for obtaining proton density weighted im-

ages.
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