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MFZERR R OB (30) : In order to take advantage of the evaluation of rehabilitation
therapy of trunk or shoulder joint region, the purpose of this study was to propose the
assessment technique of muscle activity which induced exercise using muscle functional
MRI (mfMRI). In this study, we mainly worked on improvement of the temporal resolution
and improvement of image quality on the acquisition image. As a result, improvement of
new mfMRI (fast-acquired muscle functional MRI: fast-mfMRI) which we suggested was
successful. If you take advantage of the improved fast-mfMRI, it is also possible to
evaluate the muscle activity of the region in shoulder joint and the trunk.

SR E R
(BHAHANL : 1)
[ERESES GRS R
20 1 OfRpE 1, 500, 000 450, 000 1, 950, 000
201 14 800, 000 240, 000 1, 040, 000
201 24 800, 000 240, 000 1, 040, 000
FRE
FEE
o 3,100, 000 930, 000 4, 030, 000
WFESY R« BARIENRIE T

Bt D5F - B - ABELS - UAE ) T —a URE - @ik L5
F—U—F: UnbUTF—va /EY

LD OTEBRHEALETH D, £ MiEE)
ORI, EAZES L < 1T DOHHER
WEEZE L VORI LV ITh DT, &
A AN E Ly,

G & T D BRI B R O A5 B 0 I AT

1. WFZERRAR S DT =

UNEYT—va VEREDLAR—-VES
TIHEERE PN EEHES L, i hL—=2
TIIENRFETH D, ZODITIF, H#HE)
WAE DRI & 72 D DRI A & o TEEIC



TEHN, BRI N ORERZ LTS
THY ., REEOFAMIIUICHEE L CEE
PERE, W2, FHEEL ORISR IT e
ThHZENLEEND,
AR—=VEFZOZICEBIT B ERTIEE
LT, EABRIESCEERREILENZET S
. ZnEHANWTERENRZ V. I OFEIEE
BT 2 2 IR IEAOMRA L TH D A3, FHHKE
GNEBHERIOFTORZIRE SN D20, EE
ERICALET DG (] 0 KRERER O HRIARS)
AT 2 72, —5, MRI L, REIINLE
TLHMHDOIHIEOTHEH S —EICHE T
i, JWREELZE T D ikE LTH
WHNTWS, 2T MRI OfE Ak A%
F TR C & DRI (T2 f#) A3, E#hiC

BME LM CERTLZ ERENTE, Uk,

MRI % F\ =B A& O FEAIE, TEHE & FERED
WE BRSNS K927z, ZDFiE
D & EHiERER MRI (muscle functional
MRI : mfMRI) &5, Z D mfMRI O%hE
W7 E & LT, Bl EERNC R D KR
VU S8 15 O fi5 O T B AT O Wi L 2k Bh L T
W5, L2xL. MRI Z W 7206k ORFZE Tl
VORI BT A G2 BFET HHO
O, AKEER O OISEEEAGIZ B 2 &5 135
ETHIELRRY,

mfMRI (2 X2 FOEERHME 21T 9 72912
i, T2 EEZEHTILERDH D, ZORM
D= DO — W e imtBiLIZIZFA Y = a—
1% (SE) VAW HILTWAR, Z 0k
BRI SMAEE L CLEY, 2D,
IRERHESIZ BE L C Uil 7E s 0D R 452 1E B[R] 12
[BRRH D EWVHBENS, SE 2MEEER D
IS TE RN, 2OV o2HENS, K
ORI T 2 WA, MknEiEE v
SHEFEHEAICET 2 HRE DI E 5T
W5,

2. WHEDOHK
BEVRIESH N N L— = 7 O RRGE
R RBLTAT O 720121, EENTHEF Sz
BRI OTE FARAE 2 #4R ds L OVEm (BLAF.
A OIEENREN & 52 9) NMEE D, ZE
THxFT, mEfKBEO -—HETH D
spin-echo echo-planar-imaging(SE-EPI) %
Az T2 EHRHIZ X 28 Ly mfMRI
(fast-acquired muscle functional MRI :
fast-mfMRI) ##2% L7223, AWF5EIE, 20
fast-mfMRI Ok B F7213% O EMREEIC B
TOMETEITO 2 LT, FRICEER AT
ARSI B 72 &~k H AT RE 72 i
HRHm G E LTSS D 5D TH D,

3. WFFED ik

PLFIRTHEICONT, ERTXANE
MBH T U H NIRFTEIT - T2,
a. RFELEOTOITIERT S iR

FIEORE” #MRAT 572D OmME],
SE-EP1 DHEi{#ITZDOME . B
EADNRKEREESE L THETFND, FD
728, SE-EPT DZMFFRE DA # i3 5 2
LT, BEROEAUEICET DMEEEIT o7,

b. & 5D SEDT-OICLTER K
FIEOUE (BT 25T
ARFIET, RETEGEEH A OTE B 2 08
TAHIDDOFEEE L COMESZ BRI
Z B TCE 72 (B  SEE& 5 19700465)
ZDOFER. RSN OV TIIARFIED
TSN ATRE & Ip o 12N, D% ORFZERE F: &
0. MRI (28T DIREBERAL ORI . 7 Ui%
THHEBHNONEOENIZ K> TE R
DX PEEAREFT 25 O EE LT (B 213
RERESOMEA-CEBET : LT, #EiAr & 5d
T) X, ATIEOEGALEIC L 2 FHiE BN
DFRVBES TIT72\WZ & b R IHB L
TwWb,
NS ORBES Z R Ui X, ATiE
OGN E “EHOH LWL L5
EIXTER, &2 CTHA MR BmEICx L,
HETA, CHOARTIEZ WIS AREE 35720,
b-1. WIC T 4 NV H B A i 72 & o T4
727 7 a—FIC L HlER

b-2. WFRAREE DA T DR A TG L
T ARG E WD Z & T, BT &I
WMBRTFNEZ DS D E BTG5, £72.
FDOFRNEE NZ— AT D,

WS TZIHBIZEAT 2MEDBHERDH D,

Flo. AFEEFERET 57O E/RIA
HThD “BERAR ITXT 2 RKFIEOR
HEEIZSOWTH, FRNEET AILERH S,
ZOEHEBLIWITL THRIELTEWEZE X TV
2o

c. PRERENE 72138 BAS &2 Xt 5 & LTz B
EDONRRREFEZAT 5 72D LB “TEHEN
R EMIEEY & OBEM 2T 57200
TRt
R 72 FIEORE” OIS “ARTIE

DUEYE” OFEIZLY , KRFREEIH L DS

fCHEHARE L 72D, £ 2T, EEPRIESOHN

== 7 TROBEHLINTND,

YURERER” B DT TFEIET 2o T, “GE

BN & TiEE) & OB 2T 5720

DIRFSTEAT 96

4. WFFERE

RG24 FE IR, TR OIRENRImE & SR
BIZRFE T 1R & U CHESE S B D 12O DRETE
HE LT, TREREENIRHT D2 ARTIEOR
HIBE) (B L CHEMi L7,

B, AMEMZIZ THE BRI X O IR
0 [FIIRFIC90 28 i Bl & & 5 s 22001
&L, &15®y MTo7z, EIEIR L O%



Y METRIDIRI ZHRE L, £ 572 migEmn
& 5 RIS & T2fi i & B2 bz L
e#g U7z,

FERIILITFIORT@EY TH D, EBETIIA
WA 31391. 142304, 1 mm®, T2fE 72333, 340. 7
nsThol-, FHLTHOEy F2BL T, A
NS TN MR ERAS VI [ E Y RSP dWANIR
ST, T2ETiXI® Yy NENOHEERENE
BT, F7-, WAL LTy NEUBIX, /5
Wi FE Tl 1560mm L &, T2MEA345 msFREE &
R0 EO FRIXIFIES T b DA %
RLUTZ, TNHORERI Y, KEMEEROR
HREIX RN+ 5 Z L ARIB STz,

PLEDFER LY, RO Z EEZHLNITHK
2o (1) —fEANTIA VBTV AMRID
FMTHARE Gl N L—= Z oAz
BHEHIIETE 22V, T2E %2 AU 7R REFTAT
E T O EMEE~DOIE HIXFTEE Th
HTENTRBEINT, (2) AFETIE, EHE)
AT OBINE & TR O E & OBMR % (Kip
OGS CHbRIT 2 ENTEZ, Zh
DOFERIT N L—= o 2R B O EIC
ISR T 5720 O EE LS EOISERHE & 72
LHiEZBND,

R 23 HEEX, TH O W DA S D
7o DITEE TR “RPIEOUGE” 123 2 BEt)
% 3k L7,

ARFETHEHAT S MRI O EEREET
spin—echo echo—planar—-imaging (SE-EPI) T
H DN, SHECE RO X 9 ZEAL T
BREHZLTVY EWORERNH DD,
ZAD DEFNLA~OARFIEDIS L, 105
ThHdEINTWE, £ZC, SE-EPI D#RE:
INT A—H OHFD shot number Z FH%E L ik
Tl IrTlo, FORER, RS T L7
MNHEBOEIRETE -, ZNHOMRE
BEE 2 RFIEOEGO A REM O I 2 WEE
T 5728, JEEfIOSEERC TS TR
7R EEN IR AARTFIEORMEE ) (LT
HRGEZAT -T2, 1 By NONRZEID72
WEIPHICER E Lo iEEAm 2 10 &> MiEfT
L., TOHERFIEICLD T —XIEE{T-
7o ZORER., BEEI O EEENCE 595
IR OARE T2 E L'y NEDPOR
HT& 7=, elods L UCEHII L 7= /s mfE
T, &2Toty BT THRINTE 2o
77

PLEDOFER LD, WONEEH LN TE
7o (1) AIFEEOMEMEIC L D EB 5
FLRIEE, T2 A WA FIEIC L 288 o
LTI 1IN Sar RPSY vdan s SN = R 5) < 1E G ST
BEChole, (2) v—T—F—" 7 LMIN
B URE AL S 5 JE RIS O R~ D
7T a—F 4, KFEETHIURIEREIZEE

i TE 5 LNMERTE I,

ek 24 AERELE, TRERES & 7o 138 B & 2 Xt
Gl LT EBNERIE O BRAEZ AT 5 7201
WSy EENNE & AEE) & OBENE” AR
T2 72 DE O DOIERERRE & L
T BHIERD = Ot 0t BIZEET
DA - A T o 72,

Fox NEZ U285 LU nfMRT CfEF 4% T2
EFH D 72 O & e 151X spin—echo
echo—planar-imaging (SE-EPI) T& % 73,
SE-EPT [ ZWERH /3 MR RE I 12 MBI T U 2 A3 ZE ]
I FREE DRI IR N E WY IEA LA LT
W5, ZDT2D, FRITRERE Ol TIERIER,
LW BB —EL EOWHBEEGTAG L
DGR TE 72\, 2T, IERG 2 LiEi<
W AR OV RN~ BIEH TE 57200, I
53 M e 5 L ONZE [ 40 iRt RE oD Tl 5 I 7=
R R BE DS S D E R RRTNAE & L
775

MEL7-| i #R®%E1L. double—echo
steady-state (DESS) T&# 5, DESSIZ LV HE
H ST T2 E A AR AR 72 T2 flFHARE CTH D
multiple spin echo (MSE) & SE-EPI @ %11
TNORBIENSEH S T2 EE gL
oo ZOFEFR, NMEOEERERRIZ IV & Wb
NABHEWE CHHPVA T LT 7o b A, B
F ORI D - e ik i e I HEFHLER oA
BEAETRO bR otz Lo T, DESSIZ L
B T2 fl1%, SE-EPI & [FIEE, /5 T2 o
HiEE LR TE 5 2 L a8 T T,

PLED#EF L0 | DESS ZARFIEICHNS Z
& THERME & o T2 O O 75 15 B ETf o~
DT 7ua—FHLAETHDZ LENREBEIN
775

5. ERFELE
(WFFEAREF . WU R ORI
X THR)

UdEsEsms0) G 21)

1) Noriyuki Tawara, Osamu Nitta, Hironobu
Kuruma, Mamoru Niitsu, Akiyoshi Itoh:
T2 Mapping of Muscle Activity Using
Ultrafast Imaging. Magn Reson Med Sci,
10(2) :85-91, 2011. (&EZHAH)

2) BJINEN, @Gl 1, AT : Muscle
functional MRI % HW7=FpiEEhD & EET
D ATRENE. BRIR A R— Y &=, 29(1) :
61-66,2012. (#HiAT)

(FaHR) (B 22 10)

1) Noriyuki Tawara, Osamu Nitta, Hironobu
Kuruma, Mamoru Niitsu, Atsuto Hoshikawa,
Toru Okuwaki, Akiyoshi Itoh:
Exercise—Induced Muscle Activities of
the Trunk: Detectability of the Slight
Impact Using Muscle Functional MRI.




2)

3)

4)

5)

6)

7)

Joint Annual Meeting of ISMRM and ESMRMB
2010, Stockholm, Sweden, 2010

(2010. 05. 03)

Noriyuki Tawara, Osamu Nitta, Hironobu
Kuruma, Mamoru Niitsu, Akiyoshi Itoh.
Inversion Recovery Pulse Effect on
Muscle T2 Calculation. the 19th Annual
Meeting of Section for Magnetic
Resonance Technologists (SMRT),
Stockholm, Sweden, 2010. (2010.04. 30)
Noriyuki Tawara, Osamu Nitta, Hironobu
Kuruma, Mamoru Niitsu, Naoyuki Tamura,
Hideyuki Takahashi, Atsuto Hoshikawa,
Kakuko Nakamura, Toru Okuwaki, Akiyoshi
Itoh: Muscle functional MRI  of
exercise—induced rotator cuff. the 19th
Annual Meeting and Exhibition of
International Society for Magnetic

Resonance in Medicine (ISMRM), Montreal,

Canada, 2011. (2011.05.09)

Noriyuki Tawara, Osamu Nitta, Hironobu
Kuruma, Mamoru Niitsu, Toru Okuwaki,
Akiyoshi Itoh: Complications related to
repetition time during the measurement
of muscle T2. the 20th Annual Meeting of
Section for Magnetic Resonance

Technologists (SMRT), Montreal, Canada,

2011. (2011.05. 06)
Noriyuki Tawara, Hideyuki Takahashi,
Naoyuki Tamura, Mamoru Niitsu, Atsuto

Hoshikawa, Kohei Nakajima, Toru Okuwaki,

Takashi Kawahara: Comparison of pulse
sequences for Tl Measurement using Fast
imaging. 17th Annual Scientific Meeting
of Korea Society for Magnetic Resonance
in Medicine (KSMRM), Incheon, Korea

2012. (2012.03.31)

Noriyuki Tawara, Osamu Nitta, Hironobu

Kuruma, Mamoru Niitsu, Naoyuki Tamura,
Hideyuki Takahashi, Atsuto Hoshikawa,
Kohei Nakajima, Toru Okuwaki, Takashi
Kawahara: Visualization of
exercise—induced activation of rotator
cuff muscles using muscle functional
MRI. the 20th Annual meeting Meeting and
Exhibition of International Society for
Magnetic Resonance in Medicine (ISMRM),

Melbourne, Australia, 2012.

(2012. 05. 08)

Noriyuki Tawara, Katsuya Maruyama,
Mamoru Niitsu, Naoyuki Tamura, Hideyuki
Takahashi, Atsuto Hoshikawa, Kohei
Naka jima, Toru  Okuwaki, Takashi
Kawahara: Rapid estimation of muscle

transverse relaxation time (T2) based
on ultrafast magnetic resonance imaging
at 3.0 Tesla. the 20th Annual meeting

Meeting and Exhibition of International
Society for Magnetic Resonance in
Medicine (ISMRM), Melbourne, Australia,
2012. (2012. 05. 08)
8) Noriyuki Tawara,
Katsuya Maruyama, Mamoru Niitsu,
Hideyuki Takahashi, Kohei Nakajima,
Toru  Okuwaki, Takashi  Kawahara:
Visualization of the anterior cruciate
ligament using 3D ultrashort echo—time
MR imaging at 3.0T. the 20th Annual
meeting Meeting and Exhibition of

Takahiro Ohnishi,

International Society for Magnetic
Resonance in  Medicine (ISMRM) ,
Melbourne, Australia, 2012.

(2012. 05. 08)

9) Noriyuki Tawara, Osamu Nitta, Hironobu
Kuruma, Atsuto Hoshikawa, Takashi
Kawahara: Complications related to
repetition time during the measurement
of muscle T2 in 3.0 Tesla. the 18th
Annual Scientific Meeting of Korea
Society for Magnetic Resonance in
Medicine (KSMRM), Seoul, Korea, 2013
(2013. 03. 30)

10) FAdT, Hrdk, Skfsike, #rdsr, O
RS FE - T2 fEEHAIIZE1T D single—shot
J EPT & multi-shot B EPT & D kb#k. %5
99 [Hl H REFME T2 RS, Bk,

(2010. 04. 09)

1) EAAT, Hrmfe, SkiFsLE, #rHsy, &2
JIREN, A, BGE  mEiRiEs
%mt%%ﬁ%ﬁw@%ﬁﬁﬁﬂﬁ%@
TSz, 55 38 Bl H ARSI P
/D<<0i. (2010. 10.01)

12) AT, BJINEN, RS, BT
B - MRT Z Vo R A S BN 3 %
I TEEN O, 26 21 [B] A ARERIR 7R
—YEZTSFINES, 2

(2010. 11. 07)

13) fFfddT, REHSE7ZE ¢ 3T-MRI %EEHU\f;ﬁiﬁE
A OREFEFIREE (T2 i) FHIZIT 51k
B EO . 85 5 (A TUN R R T
TR E, REAR. (2010.11.21)

14) EAAAT, B sEZE, MATWZ, BT,
BIEN, R, B, Brmik, ok
oLE, Frdsy, pgkms, )R &
30Tm1%%%%wtt% %%@%@
FIREFRIFHINC 31T 5 Tﬂi{?‘kﬁ {ff'ﬁ D L.

39 [A] H AR KIS R 7 %hﬂl
(2011. 09. 30)

15) FhcdT, KRPG&ELL, Fulvmth, Frdss
s, 2)INEAN, PIEERE, IR
3.0T-MRI #£ & % M \» 7= Ultrashort
echo—time MR [H[{&IZ J:ZDH%@EJFH’TEE'E’P
B‘éTé%@i 55 40 [B] B AR S IE R 7

2 HER. (2012.09.07)




16)Hideyuki Takahashi, Toshiyuki Homma,
Yasuhiro Suzuki, Nao Ohiwa, Noriyuki
Tawara, Toru Okuwaki, Kentaro Kawanaka,
Masanobu Wada, Osamu Takizawa, Katsuya
Maruyama. Evaluation Of  Muscle
Properties By 31P-MRS, 13C-MRS And MRI
With A General Clinical MR Device, In:
The 57th Annual Meeting of American
College of Sports Medicine(ACSM),
Baltimore, MD, USA. (2010.06.02-05).

LT)VEKTRE, BofddT, AE KM, %&#
BIAR A0 F : Parallel imaging 28T 5
Reduction Factor 23 T2 ﬂﬁiﬂﬁﬂ ’@25%
25 38 Bl H ARSI E T e
<ﬁ.@mawﬁn

18) A Al -, AAML, MHRAE, FkAT,
PIRBEIL EAE L A F A R L—=
7 NERHICEIC TR JISS K2
FFE7 1 =7 b 2009. % 65 [0 H AR
NEF2RE, #His. (2010. 09. 16)

19) Bples KAy, MRS, BrEesy, F&afs, A
B 1E, BIE, 7EHECMRD 2 H
W= B ERRI% TO Internal impingement
®%ﬁ%£U%W%ﬁ%ﬁ®Wﬁmﬁk
DOREET. 5 70 [B] H ARE PRSP E R,
. (2011. 04.09)

20) A H AL, AAAREE, NEREL %ﬁﬁ,
Mk b v 77 AU — b O KRB IHE
%iwﬁmgﬁwm%mmf~gﬁwﬁ
ARG AES SRS, THE, (2011.09. 16)

21) KRBT, MEBER, Ak, &
FEF, FkddT, IR Bt o e

HFOE RS L OB EO
. 566 M A AR EFSRE, TH,
(2011. 09. 16)

22) mifE s, RADAT, WEEME, SLLTeH
IH-MRS & LCModel Z M\ 7z & MERETINE
W E & L AR RN & ORIfR. 38 FIH A
e L E Y Kk, db v,
(2011. 09. 29)

(BE) Gt 3h)

1) @iEEsE, EAT 0 AR—YRZICEBT
% MRI ~MR Spectroscopy % H.iaI~
ROUTINE CLINICAL MRT 2011
BOOK. 81-89, 2010. (FFHTME)

2) AT ¢ EEAEE MRT k 2R, By RO
# Vol. 59, No. 2pp150-155 (2011. 03) . (£
n)hﬁ)

3)%ﬁﬁ,%%L i (Rrlc i)
DLW A% VR O g 4. Rad
Fan.10(8) 52-54,2012. (#FedE)

(Zfth)

AW 514 o Z ¥ 2 —ilF

: Lynn Savage : Fresh Way to Shoot Faster
Picturess.

BioPhotonics (May/June), 26-29, 2012. (%
St 4 )

6. HFZEiHRR
() ArgefRE
f#& #0147 (TAWARA NORIYUKI)
MSIATEOE N B AR AR — Y Rl o &
—ENAR=YRFEE S H— e AT L
& — - R
Fe & 1 30344279



