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Abstract:

Health consciousness and concerns regarding prevention of metabolic syndrome have increased the
recognition of the importance of exercise. Establishment of an effective exercise that is applicable for
rehabilitation is also needed to prevent growth of medical costs with the aging of society. However, the
effects of exercise cannot be evaluated without development of robust methods for measurement and
evaluation. In this study, we developed a method for this purpose using MR spectroscopy (MRS). We
developed software to analyze MRS data and confirmed the parameter using phantoms and subjects to
determine imaging parameters in MRS. The MRS measurement results were compared with a Ty, T,
FA and MD. As a result, the strong correlation that we expected was obtained about T; and T,. It is
thought to be necessary to study the Diffusion Tensor Imaging (DTI) in greater detail in future. From
these results, MRS technique was found to be useful to determine quantity of intramuscular fat. The

software which we created can measure quantity of fat of MRS more easily.
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AIPMET T2 & BTRADMET L THOETERCT D BHE LT < s, EHIT,
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I DIR T ZRK & LTiRfE 72 EIcFw-> T, BlEDIZORNBD &0V ORI HHIML T
e TOXRIBBEEMND, mEEIZBNTH, HEEEHK N —=07IClT2FEREE
STEY . BHWRZHER LFET 72 WO ETEE R O T B 720, EEH R L —
= 7@ E S A TV D (1,2), 7, HOHARTHAZRY v 7 v Fr—LADJH
W, MZOBEBLREICED bL—=20 7 ~OBLNIETETREL 25> TVDHB), D&
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HEEE O I3 IFRE RO N OB~ 7o kig 2 Wi L3 % 2 & 23 A[E72 MRI (Magnetic
Resonance Imaging) &% AT, b L —= 752 L 5 E L O O JE 0021t
Rl bZ E 2B E LI FIEOBRREZIT> CE 7z, ZHETMRI ZHW=HAWNAE O
RN FiE, NSO JE LA DR IECTE R O AL DT, SR T I NA R =TT
(Diffusion Tensor Imaging, DTI) 5% W2 B AFEAE 2 K 0 G ##AT 9~ 2 F15(4)X° MRI %
W= NG O & B HAITFIEZEOMEEQR) 21T CE T, AL, 4FETO MREBEDEK
RIZRERIC Z DFHEICIN A T, MR 75 % A7 ML LT 5 MR A2 fa X
= °— (Magnetic Resonance Spectroscopy: MRS) % H\W\ T, BB L OFEIIZ W TR
HFEDORFE ZRA D,

MRS (%, NMR(Nuclear Magnetic Resonance)Bi4: 3% HL S 11T 5 9 <I2 1950 FRIT i
B S TWI2(5-7)28, ISRV TIE MRIEEE S JE I EAIT OB S 23 T 1980 1% 7 5
Tod L 972 oTz, & 2T MRS Ok & 72 FeBEFHUE T 23 B S 40(8-12), FHAIELR DX
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2000 FARUT A - TREARISEIZ HIBA S, AT ST WEREE L 2> TE TINS5,
TN OBHESEND, HEVERKICHEN TORVONEERETH D, &2 TARIFRET
IX. MRS #8217 o7-% MRI EEN G SNToiTr —# &, BEATHZ LNAlEER
AR NVERMT « FHALY 7 RO = 7 O IT 72, £ LT, mAICT7 7 b AEHNWT,
MRS OWE/NT A —F DG EAT VY 72 /3T A= ZRd, ZDO%, HBREZHEH LT
MRS FHAIE R &, v E COFEMNT Tk & O ZITW e’ 5, MRS (2 X 2 5HlE RO
MRETEAT 9,

2. Hik
2-1. MRI &
fif F L 72 MRI % & X Siemens - 8 MAGNETOM Sonata 1.5T (maximum amplitude
40mT/m, slew rate 200 T/m/second) . fEH L7== A WX, 7 7> b LEHANC BV TliHead
Coil, #ErE DOFHANZFTIE Phased Array Coil 3 LT Spine Coil % AW THERMZIZIE
UNTORBR 2 1o HRtg LT,
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2-3. MRS fi##7 Y 7 b v = 7 DBR%

Y7 hU =7 OGN L7 e 7T A 5FEEE Visual C++ 2010, ] OS BREEIZ
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NDT—H T x—<v b*ima) ZEEATITEX DX L, WEFIEX., F3THD
IZ MRS 5 —#% 7 7 A L% #iZ~AZ, FID (Free Induction Decay) 1 55+ 5, D%
zero-fill interpolation %17 - 7-#. hamming filter T7 4 /L X WF 24T\, 77—V =%
L C amplitude A7 MERGD RICAT T A VEBEEA LI —2 T 4 UHIEZITV,
=L UVEBERWTE =2 7 v T 4 BT, WBRICE— 7 OFEEAFHRIL T
HT2E b0 THL, =L YEBICLOZE =7 D7 4 v T 4 7%, downhill
simplex method(13,14)% AW C 7 4 v T ( > T &7 o 1=,

2-4. RN ORHEERRAT
MRIZEBITDHEEDO = N T A ME, T2 LT T fEIC k> TET D, MRIZEIT D
ZEIRESHIX. [ TE SN D (N(H): 7v k% TR:repetition time, TE : echo time) ,

S| o< N(H){l_exp[_fRﬂ exp(_fE] [1]
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MRI TEME2W 25 ATREIZ 72 2 DIE AR OFARKIZ IS VDT T E TEPARE < R b7
DTHD, ZHUOITMEMOKREZXAT D & ZIIEFICEHEL 0D, Milko TEIX, T2
FUNZRNF—ZHAHOKF L O TRZ TELIREIZL>TELT D, 2EVHEAR
TRV H DRI X > THBZZT 5, Mo T, Mikho7e hroxe o
PAR BT D ST Lo THRIEAHT b D, AT IUEE <. W o < D (LA |
FTIUIEL 725, MRl @ Tyl « T EFHANT AR - WEASROHEEZIT S FIETH Y,
BT 5 L CHERFNFRE D, Tl - TEITMEESEORIE L 2D
(15,16),

77 FaEFT D200 TEMED =D DRy —7 v A - G 5F1%. spin echo
v —/2 > A (TR:50ms 70ms + - - 3000ms, TE:11ms, flip angle:90° , bandwidth:130Hz/pixel,
slice thickness:10mm, matrix size:192 X144, FOV:256mm X 192mm, pixel size:0.67mm X
0.67mm, averages:1, 1 slice, zero-fill interpolation) T, T fEHIED =D DIRIE L —/7r 2 A »
R4 2k1%. turbo spin echo & —# > % (TR:5000ms, TE:9.9ms 19.8ms + + - 316.8ms, flip
angle:90° , bandwidth: 225Hz/pixel, slice thickness:10mm, matrix size:192 X144, FOV:
256mm X 192mm, pixel size:0.67mm X 0.67mm, averages:1, 1 slice, zero-fill interpolation)
R L. KBRS A H0nC Axial i CHigfg L7z,

A ZFHT 27200 THERIE DO 72D Ot > —7r o A - | 51F1%, spin echo > —7r
> A (TR:100ms - 500ms - 1000ms - 2000ms, TE:15ms, flip angle:90° ,bandwidth:
100Hz/pixel, slice thickness:8mm, matrix size:256 X 160, FOV:400mm X 250mm, pixel size:
0.78mm X 0.78mm, averages:1, 5 slices, zero-fill interpolation) T. T,filifllE D 7= DiRE:
=i A s 4%, turbo spin echo > —#4 > 2 (TR:4000ms, TE:13ms 26ms + + *
416ms, flip angle:90° , bandwidth:130Hz/pixel, slice thickness:8mm, matrix size:256 X 160,
FOV:400mm X 250mm, pixel size:0.78mm X 0.78mm, averages:1, 5 slices, zero-fill
interpolation) Z £/ L., KEEE A .02 Axial i CRE L7, OO0 EBIELZT
—ZRLER - Y 7 N =7 ZHWT, MRS B & R ERT OO Tl T84 G
L. MRS 7 — Z ALBE R & bl L7,
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WHFHIBR TH KT DT 70 EBZRET DI LR ARERERTH D, ZDKD
JEHCRREZET 2 Z & I2 Ko T, A2 MR OIREE - G2 HEE T 52 &8 T
A

Rty > —7 o AL, DWIOMPGIZ & 0 A4 U 2R ER I & 2 B E 2 2 S & 572912,
twice refocused spin echo EPI diffusion> — /47 > 2 &l [l L7z, #R%51E1%. TR: 2700 ms,
TE: 72 ms, flip angle:90°, band width: 1345 Hz/pixel, slice thickness: 5.0 mm, matrix size:
128x72, FOV: 400%225 mm, pixel size: 1.56x1.56 mm, average: 5, 5 slices, b value: 600
s/mm?, MGP: 6 directions, zero-fill interpolation & L 7=, K& % t.00 I Axial i T L 7=,
s U 7o g2t L C Diffusion Tensorfi# T lLBR 24T 5 72O OEGIER Y 7 k7 = 7 Z /ERk
L. WA 1T~ 7=, Diffusion Tensorf#tT 714(17,18) % LA T/~ 9,
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E£9°. b=0sec/mm?* T[4 (bOMi{4)3s L OYLEGRR M4 (68Hh) 2> 5. 6518 DADC
(Apparent Diffusion Constant, Diffusivity)z k&, ZOADCZMEMH L. §E8T > Y 1 (6)% K

O,
D, D, D,
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D_ Dzy D_

Wi, BT > V[21iex LT, HouseholderZH#aiZ X - C3Exf {211\, EITT4
(Q: Orthogonal Matrix) & T = f4751(L: Lower Triangular Matrix) % F\ & Al 2 K b 5 ik
T HQLIEIZ L o TEAME, A2, B)[B]Z KD, EBIZENENDEAT Fl(ey, e,
es)[4] bR 7=,
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T
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A (N, A, M)l TR ORI L TR Y . BEAME L (ST D EA7 ke,
(FIEBREDS KD TFM~DX T MvaRT, DFED, ZDeX7 MUWIGEHHELIEEZ &
MZBWTHROBIEH LT W HRERT, (M, A, MO FFIFXZNEINERZT H)

b DEAEZ V. Mean Diffusivity(MD)[5] % sk o g4l L 7=,

it At .
3

BT, Z OFEAEZ AV CTROIEE D 2 5% 0 A\ % 7% 3" FA(Fractional Anisotropy) %
KD, FAZRD ZHFEAZ[BlIZET,

3 | LA+ A, +4)/3)
2 iliz

FA= ]
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Bl TEEINDLFAIL, B 7 BT EOKOIEHEORGHEEZE L, Z7METHX0.0,
15RO I UDER LT UE1.0E 72 5,

B DOFEE AV, &% L-EE D S5 FAmaps L OMDmap & 1Bk L 7-(19-21), = L C
FAmap, MDmap(Z\ CMRSOFHAIE T & [Fl— D81 ROIZ 3 E L. MDEs L OFAfE
ZEHHI L. MRSEHHIFE S & i L7,

2-6. MRS % A\ 7= N EHA

MRS ##I(1H MRS)iZ 3\ TiE, 42T single voxel PRESS (Point Resolved Spectroscopy)
EE RO CEHIZIT - 72(22,23), SRHNCEBT D37 A —2 1%, 77> FAFHEITIE TR
1100ms~6000ms, TE: 30ms~270ms, bandwidth: 1000Hz, data points: 1024, voxel size:
15 x 15 x 15 mm?, averages: 32, no water suppression Z M\ T, &7 7 b A% L.
23 TRLEEY 7 U =7 TREZITV, 8D MRS BMEDOEIG 2K, TRIBELVTE
DIRTA—=ZZ L DB ERF Uiz, FTMaZ 2722 LIic k521 k& hE D MRS #54)
EOEAZ HERRGET LTz, £727 7 P AITK L 2-4 TROR SN DIRGE T T L ONT LMl
R, MR DOIREBOMR AT > To, WITHERE 2 L7237 A—Z3REFHHITIZ, TR:
1100ms~3000ms, TE: 30ms~500ms, bandwidth: 1000Hz, data points: 1024, voxel size:
20 x 20 x 20 mm?®, averages: 8~128, no water suppression # i\ T, &/3F A —XZ L{Z 5
EOBMR AT L, EBRICHEBREICEA T 272 DICH 23T A — 2 gt Uiz, &k
TR: 3000ms, TE: 30ms, bandwidth: 1000Hz, data points: 1024, voxel size: 20 x 20 x 20
mm?, averages: 32, no water suppression % T, #ERH OFFREED MRS 7 — & % 5+
L. 23 TRLEY T MY =7 TREZITV, JEIIO MRS BAEOEIG ZKRD, £t h
ER CALEOEKE S S, TiE, TEBLIOFAfE, MD %KD, MRS 7 —# & gk
EiToT,

3. R
3-1. 77 > hAEHAI
TR #Z b S CRIY > 7 %25 L7e MRS fi#fTfE R 2K 112, £7- TE #Z2{bsHT6
FEERD 7 7 > b a5 U7 AT RS R 2 X 2 (2R T,
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X1DEICTRAZZEMSETH, [ ZFHEMEFOEA BN BN T, F/o, K2 T
WX TE Z & OMBRIC K A Z(bE R LI, MRS 12X » TEMFHIZITE Y L3512 L,
RN R D & Z AT, FUFHAER L 2> T LE> TUTRHAINTE RN L LR DD T,
FTHENOMETEN S DLENDH D, > TZOR T, TE:30ms HNRGED /T A —
ZELTHELTWDZ Enbnolz,

WIZT7 7 FARBIO TVEB L O TEEZFHIL, K3 ICE L, BRI &2
D/NESWD T E, TEZFFOTZD, KOBENEEZ DI2HE0 T, TEEEEML T ks
THY., ZORBLEHWIHEML TWADT, 772 FAITEFICERTE TS LE
bbb,
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3-2. HREFR (13T A —FRIE)

WIZ, K VFEMICHRG ST A — 2 BT Do 0ic, #EE 2 W THEEO SEIZEB D
TR 2T > T2 B2 "9, &I, averages (INE[EIER) &2 b S8, [ CHBRA DR —
ERAL A FHEI L 72K D MRS R0 il 2 X 4 12 BN D MRS 7> 4 (X 5 (2, SNR(Signal Noise
Ratio)# [X] 6 (ZZNEiRT, X4 BILOK 5 % B CThod X ) IS EIINE R % 21k
SHTH, BIE-ETHDIENI Z Dot~ FFAEEKICINOGNERD HLD R
DEIEF I OVKOEE L LIZIEY, X6 (IMAEREEE MRS E5 4 SNR & O TH
D, I BIMEBEENSEEIMT 5120t SNR B3HEMLTHWD Z ERbhnd, LiL,
INEEEDS NS 2 & B2 2. BRE~ORENKRELIRDZLNEBEZBND T
W, T TIHEMENELELS . MERES2 8T L & Lz,
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F LD E#E 2 2581, LVEFERREWTN ) A REOEBEZZTII< <, XV
EfEL b tEZ2 55D T, TR:3000ms. TE:30ms & RE L7,

3-3. HEEREFH
INETOERIZBNT, BT A—2BHEE LD T, 20O MRS O/ T A —4
ZHOWTIHREBZITWV, B EOEIEGZ Y 7 h =TI L > THIE L7z, £72 MRS & [ UAL
B Ot UIERL L7 T, T, fEE 43 X O FAmap, MDmap 726, L En O % &t
WLz, 2L T, ZhHDfEE MRS IZ X 2FHAE & OBIRIEZEFHR L7, MRS 5l T
DM OEIG & THEZ R L2 0K 91T, THfEE I LD Z K 1012, FAE L

WLZb D% 111C, MDfE & ik L= b D& 12 1R T,
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T 2fETI% 0.930, MD fETi%-0.096, FAfETIF-0.319 ThH-o7z, ZNHDOFERND, KT
T EICBW T NT A —=Z LD LD THRWEBNRSH 5 Z L hbhvo 7z, £z, Ty
EICRE L CHIRWAEOMBIN R bz, DTI ORMIEIC >V CiE, FA fEI355WEOFEEI
BTNy, MDEIZIZAHEBEN RO bivie o7z,
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4. B

IR, BAROEI LA ESR, FRE - GiE OB S IIMRENICHEZ TnD, DX 57k
T\%%%®ER%DEE%%E¢5 LB THUANAEYR N b—= 0 7 OEEM: &
LTW5, FLZNEITH) LIV EREEOHIBICER D EE 20D, £Z T, Z0OXL
5@@%%ﬁofw<iﬁ\i@ﬂ%%ﬁ%V~:/7ﬂE£&&oT£@\%ﬂ%ﬂﬁf
6%%?%%&@@%%&@@%&&%&%2%%6 ZZTEELIT. BEETHRB X
OFEMGICEE T 25l FIEORF AT CT&E /e, AL, KERTELZEGLIEIERSTO
%E%ﬁ%btx&7FWﬁ%%ﬂéNRS%ﬁwf\%%%@ﬁ% TV i R OARRE D FFAM
ZATo 7,

AWFFETIE MRS 57— & QU RIS D700 Y 7 U = 7 OREE AT - 12, AWF5E 4 8
LC, T—H O NHER AT ZEMTERIEND, Y7 MU= TIXEFEICEEL T
WD I EPRERTE 2, LovL, AEMER L7z MRS 57— & JLEL « 31V 7 b7 = 7%, KB
FOMENIO L SR RERE—I7 2R LE L TWAHED, L0 /NSWEHiR Y —7 0oEHIiT%
BLTELT, WS a7 7 DEITHVC TV, SRS DR B (24,25) %
WFHZEHBEL, XREZIToTH FETH D,

77 v N AOFHAITIE, MER LOUKE, FREiEERE VLT, KOMREEZ 7 7 v
FAEER L, 2ha AW THREEZITo7-, ZOFEND, X2 0 X 512 TE:30ms 2B\ T
X7 7 > b ADOKOEHENIEZ TOLIZREV, MRS BESME TONEN OIE BE8I& ML T (K
DIESOEENEENM) LThotz, L, TENKEL RDIZo0, fEEEZTHIESD
BIEMEL LN E WO BIRBILZ T2, ElT7 —X 2R+ 5L, BIHEBKOEFEEN TE
WENT 5 LRV LTS, ZORBEEZZIT TSI ERHESND,

WAHEBRE OFHA(R T A —Z B ENTB VT, HRIZEW T MRS OKFE/ T A —X 28
bEE, R - FHZITV, KT A—Z LOBREBREF L, £PNEEEICHOW T,
4, 506005 Ko12, MRS DEFBIRICIIREREIEEZX RN ERDroT,
ZLTK6 DL, MAFEZESLST Z L1k SNRAEINT D2 ERNbhotz, LvL
INFLEENE 2 UEZE N T IRGFER B 5 2 L2 0, BREBORB LR D720, 5D
FEEE SNR OHEMOEIE N HAEL 32 B4 EIIHRHA Lz, RICTRBINTE 2Lz
N, AU, PERLTOWEEIICTRBRELS RDIFEFEFIIREL 20, TEBNKRELI 2D
EEEENNEL 725> TNE(X 7, X 8), TEIL270ms LV HE KEWVWEZATE /A AL
I SN T e, F72 TR 28 3000ms THEIFIL TWARWIZ ERbhoT-, SENME 7=
D% TR:3000ms, TE:30ms &3&4R L 7=,

KHIZ MRS B LU DT, T4l ToflEft a2 T #ERE OFHIS J ORHEUE R o B
ORI E T 72, 9B 10 225, MRS FEMECTOREMOEIA & T, T LT
XBRVFEBEI 8 o 72, BRI T2 B L Cidiied CHRVIEDFEEE(0.930) 3 & - 7=, T fEIZ A
IV BIENI DI AEL . IEOBEENEZ TV & TL N ERD LW Z LITHETE 5,
T fliX. ADOFB(-0.850) TdH - 7=n3, Ty T L0 LAREO 372 0 K<, Z OffA
DIV > TV, AAREA TR & 0 b ED - - H L, RGN E < R D 220
ZENBZOND, THEIF R T 2 OFHHT —Z 283 2012kt L, T4fEIL 10 43
BETAKOFHNT =2 2B L T\ D, —REZIE 2 DT — 2 7213 T THEBEIEAMER S
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NBZEBZNDOT, TREVIFUESNTND EEZTVER, TLEL VIR, £
FHARWOTHEORELZIT 5720, T L OEBHTHND EE2 LD, E4HIT
MD fiE & (HHBEIZHES . FA 5 & 1355V ADHIBI(-0.319) Th o 7o, ARBEFICH AN OEH]
BASOBBER 1 ABY | ZOWBEZIZ ERELOND, REBEAMIAOT 4
BOTIEAERE D IZHBEAE 2> TH Y, MD . FAMIZIENE, FARUSAOERE DY
HNK X < BERE RO BT I AN U ATREMEN B B LS s NS, Zh 5o DTI
S ORFERIC OV TIE, 4% LY IR 21T > TOL MER S 5.,

5 5

VEAE . MRI 24 o 7= 15 A O A0 2 H R v O BB 1T AT OIS L 912> TE T 5,
AENE MRS 2 W TEHAL MRt FiE AL Lk 21T o7, fifk e LT, MRS LB LT
Y7 =7 2AWT, FRNOIEN 2 ERRICFHIT S Z L REL o7, MIROEE
HHIFETHEFICEETH Y, TDO L D 2T MRS 1%, A% A Z #5720 f 7y —
NERBLEEZLND, 7. ERAEN - OFFOEBRARBEEL 2o TWAR, ASEWER
L7= MRS 7 —Z LB - 5+ Y 7 b7 =7 1345 % MRS 51l Z D TV < LT FRFICA IR/
LDOThHDHEEZOLND, 5% LV —J8 MRS 7 — % OB FIEDBR#EB L MRS I L 55
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