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BifE, MRIZ X 2B EFnREfH] (T.ff) %2 %AW BERHIESRBOFNMSIE < T T
kY, Thid, HlEEEICHEENOKS FEP—FICELT2EEZFHA LTS, T.
MAERERLIBEIL, SV RAEE X HHMRE (repetition time : TR) &7V RAZEE X T
oY D E COWFRH (echo time : TE) & ZEBREICH VYL, a2 FF X bEDIT
HEIBREEIT> TS, T RFAEBG TIIEW TR, T HHHEE TIXRW TR RED L
BTHDHNB, TR 0BG TN HSICEE LRWD, T T8 %2 KIT T rlaetE
BoHd. 0w, T A% EREICFHIT 5720, BH T.OREBERIKRITHIEID
TR BREBMLETHD. LHLed6, TR 2R RE L THREFFMARL 25 &, HIHE
HBOKDTFEPLHIRBIZR > TLEY, BBEHOFESIKELET2ELREL 225,
2F0, TWOREBY*ZE L o506, TAERTHKROREE TR LRVIETZ TR OFREH
VELRD. BEETO, BRHOEHFMCAVLRS TRIX, Rk TS HOT—
ZEBIIBREINTEHOTHHN, TEIIERHESICL VY ELRTS. £Z TCHEIOHR
T, FHIEBIRFOF D7 DIz@Y)/e TR ZRWIHT 52 L Z2HME L, HRIT, @FR
A64 L L. EHBIIARHCOMEBTE L, MLRHiXaOBEHAMERE L. #l
EFMEE, BARM MR @& 268 L CE#REO T ORgi e & ke, EERE L 1T L,
EHIZ T Rl 2R Uiz, T98FREEO#E I Inversion Recovery ¥ & &\ FHES
DR BN TWD Look-Locker % W=, BE{EEEITIIHKEERIERD T2 7T AIZT
Timap Z{ER L, *ZRHIZELGEE (region of interest : ROI) #FRE L T T %R
e, R, TWVEOFHES X UEERZEED A T 1285.1+48.9ms, EB#% T
1380.1+33.1ms T& ¥ , Wilcoxson D& 5F Z ALK EIC THEZENRYD 57z (p<0.05).
— AT T8 TR A RIE S VDI, TED 3~5 %D TR ICTRET 2 BEHRH
LanNTEY, SEIOEHREEZD T 2K 1400ms &35 &, T THIREBEINR
W22 1359 4200~7200ms @ TR BMLEEE 2 5.
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Abstract
Background and Purpose. Transverse relaxation time (T:) measurement using
magnetic resonance imaging (MRI) is widely applied for evaluation of skeletal muscle
activity in vivo, since the T value highly reflects muscle water contents which is
known to change during muscle contraction. To detect T: values accurately, it is
necessary to eliminate T\ signal, which influences T signal. The purpose of the
present study was to determine an appropriate repetition time (TR) of the MRI pulse
sequence for elimination T: value.
Methods. Three male and three female healthy adults (mean age of 29.7 years) who
have not had any history of orthopedic diseases in the lower extremities were subjected.
The motor task was repeated until the fatigue of the right heel raises. Target muscle
was gastrocnemius medial head of right. The MRI experiments were performed using
an Achieva 3.0T (Philips Medical Systems, Netherlands). T:weighted images were
obtained at rest and immediately after the motor task, then the T: value of each pixel
was calculated using a computer program written by A. Senoo.
Results. The mean T, value at rest and after exercise were 1293.1ms and 1375.8ms
respectively. Since the adequate TR value is thought to be three to five times longer
than T value, TR should be 4200 ~ 7200ms for evaluation of muscle activity by

analyzing T: weighted images.
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VR, eSS {275 (magnetic resonance imaging:MRI) (= X 2 B fiERE (T i)
RV TERBOEENIRIE 2 ¥l 5 TR #E ST 5. 1988 4, Fleckenstein ©
B TEERHOMHIEEHIC MRI OfF5MEICEPBEN 2 FL#E Lic. 1990 F,
Fisher 52 X, ERMHYEES L T AOHMEOBEHRIZHOVT, EEHEZICIKE K VAL
DOFF T TAEBSHM L, ZORMSEILEERE AT 5 L WE Lz, FERIC 1994 4,
Yue 5% 1%, EBESEBICHTHEBATORME &b TELMML, EBARE T.
EDBMBORICIZIEDEBEBIENS H 5 & @ L, Yamada® iX, T/EZHVWTEHAKD
BN ZWVEEHINERRKEVWERE LTS, ZThbo@iix, MRI © T.fEZHN
THEEHOESRELZ ERNICTFM T 2FLRL TS,

T.RFERIE, BEAEZEL ST T EANRVERIIERES, FEERR E O TENE
WHEHIEE S Eh s, ZoZ &nb, THRER & IXEICHBNOKSEFED
ZENMRLZEBRTHY, KazZ aUlRPEESICHHESh2E®RTHD. ZOT:
EREREZ AT TEEZEET 2 L0, KBROBNR EDHEBETEL TND DN
AT 5 Z LN REETH D, ToffiE, FFEBEGICRIL 90 E VA ZEI Ltk
DAL ABRET 5 HELZ R IRER T, AROKSEFRLPSVIZEEELZRT.

TAERAS EARIC L > TEOMEMPELT D725, IR ICHEERN DK B —RF
LT 28 EFIA L, BHRGOESNRELTET 2 Z L B3FRETH 5. MRI 13, 5,
ST, ZHROBERBHOEENREZ RIS 2FRFETHY, X561, MR HE
REEOWENOEREBL LN TEX S0, SHOMBOBETAIFEES, RO
DREGAIFEM 23 E BANCFRETH YV, BUE CIHMERREIZHFE LRWIERBH 2 & D T B
DIEENREZ R BHCFIME T 2 FikE LTUAK AVSLRTNS D ~8),

T &AM & T AE &L, 7V A%ZE 2 5[ (TRrepetition time) &/VA% 5 X T
MNHRBT % E TORRE (TE:echo time) & ZFBANICHI VL, a2 P77 A 2215
LI BRREXT-oTWVAD. BAEMIZIET, 58888 TlITR=300~600ms, TE=10ms#2E,
T. 58§ TIZTR=3000~5000ms, TE=80~100msA—HITH 5. 2%V, T H®HFT
1FEVTR, TORATIIRWTREESLETHS. b MEFBRMHOT fEX, LHEFCH
25ms~40msDFH TH B & INTBY, MHIEFBHRICTMENRE(T HZ L 2RI L TES)
RIEZ IS 523, FWTRTIIT AEE LRW-®, TAERMEIC B KIET argetEs
5. T0D, TAHZERICHAT 70X, BATOREBEZRY RT3 EXOTR#
ERMETHS. LrLiedb, TRERSREL THREFFMIES 25 L, HIHERDK
DFENLHIRBIZR > TLEY, BRFOFESREZIM T 2FLEEL 2570,
DIEENE T AEZE(L) BT AL, BBAICTRZ 20000LICRE LTRSS hTns ).
Lo L, ZOFRGFTET BT MEICEZXDHERHD. > T, T'.OREELER LSOO,
TAENLZHEOREE CREOBRWVEUARTRORENSKEL D, 2 TAHREIOFETII,
TAEEFIH L CHEBROFM A T 52D DB RTREEHT A Z LB L L.
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ABFRITERREFITNF v P A A RLSHBEEE S (RBES 12090) 25N
MRI ERZBESOEREZIT T Y, EERANCHERE SRS & Hik, FESMOAE
KX O TARMBICRDRNI &2 H2ICHAL, FHEICTERFEEZ/LLTEBLE.

SEIE, THRICEEARNKRBOBEEZR- 2V VEERA 6 4 (B34, ki34,
VAR 29.75%) & Uie. BIEBUIA ThE L, ESEBITERHcoERTTHY, K
NoOEDZE FEERER, EHICX YV RIIOE DS PELSOEMIC /S ETRYIRLE. Xt
LIE OBEERPNRIEE L L.

HEFNEZ, 80 HOLH%, REHHO T WMFAEEZ KRG Uz, ZHEEE 2 R,
EERE AT L, EBEITER, EbC T8RRI ZHRE L.

MRIDfE ST BB R ATE) ¥ v 7S ANOMRIZIZERE S < 5 B FAMR
4£E (Achieva 3.0T Philips Medical Systems, Netherlands) #{#/ L7-. MRI{§ & D%
{EIZIXSENSE Knee 8 CoilZ f\, T.ih#E # D42 iZgolden standard T 5
Inversion Recoveryit: (LA ; IRIE) &@WHEADFE® BTV b Look-Lockeri: (LA ;
LLyE) 1910 ZHuE.

Bt by, #REHE(eld of view : FOV)240%240mm, Matrix256x256, single slice
{2 Tslice/& : 10mm, Y & LEf#(Repetition Time : TR) 10ms, = =2 —Iif#] (Echo Time :
TE) 87Tms®D i —4 A ThiAT L7z, £/, LLIEIZGBOMRIER %255 =DICHW G
NDOWBIETHDP, SENTEERBHOBRBIZANVD DI, KAALERICFAY S ¥ %&phase
%#Trigger delay & L TR E L 7. Heart RatelIfE TE A HIEMHD10L L, T.[EIERRH

(shot interval 10s) @ 5 HK)0sH> HKI6sDE] ZE [ TY 7 U 7 L. Trigger delay
iiphaseZWET S & BBINICERIR CTRE SN 5. phasedi#40 (Np=40) TR ET S
& Trigger delayid104. TmsHIRRIZERE 4, Flphaseld17.9msHHHA%A L, 104.Tms% h
RLTwole. 72, T IRFEEHROHRGEEHIZAARLER OO 7 D OFF bR 2 &
TS5 10 Th o 7=,

SEERHENT & L T, WilcoxsonDFF & X MR E - CEEAIRICI T 2T E 2 il L.
2B, MEHRHTIZIXSPSS Ver19 (IBM#L) ZfEH L7-.

R ARAT

2 DICOMH /) L 7%, MRI BEHRIIHEXHER RO, (55 5REH0 LIAT (null point
LIRD D<A FAHHIEEFTVY, MATLAB (R2013b Masworksfl) % F\ N ThREIE SEER D
7Z7 7 A TTimap#{Epk L7=. TimapfERfIE, Kphase®D 1t 7 &NV OB RIEDOFERF
FIZ5{k &2 M(t)=A-B exp(-t/T: ) DEPFZUZ AL L7z, tiZTrigger delayZ{tA L, HIE
=M (EBHREE) ZfAAL, FEBEERICEVA, B, T:* (ARTOT) 2EHLE.
HOT BRI, T =T v*BA-DORICTHERH L2 | T EX#EE(E2363.2% % CREIET 5
DIWZET B TH Y, Ti=2000ms& L7=FF, Trigger delay2S6BLANT, M(t)=A-B
exp(t/T1*) L IZITERITE B Z EPRENTVWS 22 | Bk L=Timap LIz, BT Y 7
FMRIcro (Dr.Chris RordenP¥, http/www.sph.sc.edu/comd/rorden/) # V> T#&#ER
FH OISO (region of interest : ROI) #REL, T EARKRD- (Figure 1) .
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Figure 1

i

Tl O ) i EE) AT T1285.1448 9ms, #HEih{% T1380.1£33.1ms TH ¥, Wilcoxson D1
B X NEMBREIC TABENRED biviz (p<0.05, Tablel).

3, A RIOT fE & T [ dh# o FH BIA S LEE R R & $£0.94Tdh - 7= (Table2).

T Pre post p i FHBEGR 3K pre post
1285.1 1380.1 <0.05 0.941 0.942
Tablel Table2
B8

MRIE{& | X ERE S EFRCA R — Y BB ECTHBERAEREREZ L LTV, B
gl Uizl ciX, TR OB Eetlic v o, TR g i3 =G iR
iz VB TWS, BUE, B OTEENREM O 72 DICT Z IR L TT 50w 2 i
THHEAIE, COBREOTREZ HWHITEY R OrOBGR 2SI, BBRICERE L T
WAHBRRH . EHIC, FRFM TORGZFTREICT 572912, BWTRTT . 58 Eif4 %
BLTWARELREATVWSY., 20728, SENTERKEHOWMEATEOT G L
T fEICREE RIESRWTREZ BT 252 A 7.

g 5T LTRZw &3 d’bhf'l'dlilU)'r’%’;’ﬁ”ﬂl'fﬁﬁ’( v, FERIZTE#0ms &
5T & TCTAEDORBEZBANT 52 ERARETH DN, BEMNITIIARTRETH YV KM H L
OFE M T TR OT i, TALOWEINE ESREZB(LIZHELZEZTWAZ L L
A, —EAICE, T 9RFE#E1£300~600msD HEEHIEWTREZ H WA Z LI L 0T, 258
gL, T: 2L THETH5ENARETH D

AEIOFER LY, Tl 0}‘1’&&)i-i@g@]ﬁ%%ﬁf-]l'[’@]293.lmsi-’ll.st. EERREE T
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1375.8ms+30.1ms TH YV, EBZICITFREICT EHMBER L TWe., £0EH L LT,

HTEENC X BRIAROKS TORPELIEZ &, 61T, BRHEMROIRED L7
L7cHENRTEICR B RIE LT & % 2 5. EEFEAT & ik U ¢, EBRUER Tidi10%T,
IR LTBY, ZOEESZMKL CTRZHRE LRiThiE, itk oT fEaFh ks
KT BN EERIETTEEZS.

BRGHOFBIREIL, BERHOBEBHRICKSI FESETI2HEE2FALT, TAEEZH
TIHET 2 ENTRETHD. TWHIERAL, T M TH7-DICIITREEL RET HLE
BB, FNLTREHFMIIELS RS, LrLansb, TREELSRE L TRERHAE
7B L, HIFERDOAS TFRENEHFRBIZE > TLEY, BHERGOIEENAMEZ {4 5
HREEEL 2B, ZOFELY, TREHIBREEL LTANMTHRBRTE 3 — 7 ANRK
HHNTW5S., ZD0, RBREICTRZHRE L TTHEZFHHIL TW5 2, TRSEUNIRE
EhTWRITHIE, TiATAEICEEZRIZFL, ELLLTAEZFRITERWAEMERHS.
— BT BT A B E BRI SRV DIziE, TUADOS~MEDTRICRET 2 UERH D
EENTWA. Lo, BEBHOESZFET 2 O3 RERFR2E T58ERH D
DT, FATHRTIE, TRIEZEZHFOT E ($91160ms) D2fFFREED2000 msiZFE LT
WA 9 AEOERT, BEHEHTHT EIZ1280ms, UE#131380ms L 2> 72D T, 4
TR THVW LN TE ETRIEIC L 2T WHFAERRE L, T EOKELZPEERTE RV iTaEtE
BREV. SEIOESRE#ZOT EZ21400mst T2 &, T ATITEEINRZN-DITIE
#14200~7200ms & 72 Y, i< & H4200msDTRBUBELE X 5.

BFIHG2T FIREESEIOL— 7 A X BLLELE OT R Z R L TBY, TWA
400ms/» 52000msDE THNIE, FIEEDOEZ/ NSV LERLTWS. F£iz, SEOT,
{5 & T\ [E17E dh AR O AR BIRBULESRRERTH & $#90.94TH Y, @ WEBERED b
(Figure 2) . ZhbHNHEL Y, HH LT EICIHERMESH S L EX 5. SEIAVZMH
BO7 0S5 ATEWVHBETEEITE R o857 (Figure 3) 1%, B EXBOAT,
B2 EEnTWiho7- (Figured) . & HIZ, 256X256DE T, FHBREA0.7
UUTI235 7L, 04 TiI21E 27 B TH- DT, SEIOT vl 5 A TORLIZE
BOhRIFEEZS.
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Figure 4

A, Tl %2 AT B OTEBREHR T AT B2 T S AV 2 £ 2 5N ATR
EZFH L7z, S%OMEE LTI, TREZ(LESE L X ICTAENERIC F oBRES(T
LDONERTNTLIULENRDD EEZD. £, SENITFROBEHG 2585 L L =03,
EREDHUE T LA DO BRI S A 7 OEIT & - T H IS 5 O ¢, EBO
THE~DENRRBRDWEERSH D, - TEALDOBHITHOWTHTEORIEZ Kz, &
GIRTROBREZITOMLERSH D EEZD.
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