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KO ZEN TS0, ERICEHBRKST &
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T FHARREE IR T S EEOT TGO A THE
HINDHBEHLEL T, HilasEEr & omEo
Mg TFens Lal, MEMEEZIZUD
LT LHHMEDOELDFEE, BXUZFOELE
MR HEETH A 51T, 2B MEOES AN
EHEZDZBLENRHO T SEIAVENZL
57§ e B ) Tl Ak TR T RE AR i
ZlEEAECTOWREWEEZ BN,

RO RS EARILT B HEICDNT

7 i 1o {41 2 T D 2 SRFZE TS, BN R O AR
FHENZHEA DD D LT TS 25T
HHDITKANTES., & TIEEMEEZfEE S
LietFEant<hoflitsIshTnwa”, #EehE
DOEHEI THRAMIFHAERT S Z EFIALZDD
T, TOREIIMBNAZETHD ZLAASME
2o TWa2™ 0 FHEL R NRmikZE L x i
gL L7 PET (Positoron Emission Tomogra-
phy) THHESINTWAS™ | BEWEHETER
Wal, MR &7 W TR O CHHRE = &8
295 KikdE LT MRS (Magnetic Resonance
Spectroscopy) WdHH. HHRHHIEICHWSENS
HE P & 'H THO, P TR EEH
Z, 'H Tz EITEHEL TS, Zh
S5OHEERWS &, HEickoTHWSNAEE
HEBBENIEBETAIENTES, Ll
Mo, fMEsEECmiREOEn, KHmEOE
bR EFEEE L TWSH D, To7REEOER
BRZERIE, MFTH50ENHS. 20K
RE R TIERREIEICZ L <, £REEFHRBROE
(L ZBIEEORRE L TRRL THSITRE RN
MAT, TS OEEEREHREI D EEZED
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ZOT, BHEEERO EES 2 MR w5
Wi RED B o Tz

— 7%, 0B EEAELT 5 AHETIE, O
OFFITIEHENTWS tagging MRI Y %
phase - encode #E* AWML EIN TS, Ll
WwWFhoFkEbiE#E MR 5 0MHE ks
L THET 2200 EMa MR <, A7HEE
A EELT BRI SRS A mh oz, RHFEIC
BUFaHFHER, HIGHEERZ ST 501087
Lo RERFEELEEET, EikrE
fiBLianwzZ &G, EREXDBIFRICHT S
REE RS < a B ZENTREENS. A
T, REBOHGLEETHLRUTLYA
LZHEEETE, BATRRGMEEERRDRED
FRERT 5.

KEBLUVSERORRIBERICHITHHRICDONT

AiEE MR HGREFERTAHEEERTHLDT,
MR 28R EEINAERNICEECN—AA—
N —2HTSEF, PAFTRRERE $Il ~ D EIL T
i, MAT, FETOREZIE MR H b+
—NTOFEFFE2LEETE, BEO MR %
BT > U=z Takzefiiziize, HEH)
AW OMESHEREZNS. LrLERIoA—7 >
A2 b —8 MR %8 Ti3ESOHKIRE S iy
Pir, REOIEHIZEL TWSEEAZ NS,

SEIOHIETIE, BIFFMSMEZES2D
1HE CTOHE L7, EEMmo DWI #]
EETHOEHEETHREOHRERSNZZBOL
BN, KFESMEIIKTIS. £k,
DWI EofFfEE LT, #¥ED MRI #lIELD D
EEMELL (5/N) BWETI H2HESNH 5.
MAT, B REEZKmY 5 TR & S/N, &
HOREZRETS b EE 5/N &, ThEN
FL—RFTOBERICHLED, BETLIERIC
Lo TREbELELL, HENT A—FORE
WCIHEEZET 5.

AHET DWI EERIOEFTHLELE
TATAFOBEITEDI KRG TOBE LMD
FHT, IGRBEOSE S THEREIZBNWTD
LD EEASNS. FRMENHE TSI
THIREND /=0, EHAWOERHGIZHBNWTD
DWIEOZE({LHIEA SN Z NS 5. FE,
TRFEERZ B W TEB AR Wiz GmmLiaiz,

EHmIcHY T 2EETS DWI OFSHEDH
HHNre. Lnl, SEINHEO A OBE Lo
7. CHUERIERETIAINVERWLELZDT, &
W S/N OEFHTVEERIY L 728, B HER DR
EIREEAYVE F L ARBRR Ot A aino
. SBOBRFICBLWTHRERRETO DWI ©
FREZHSHICTLHESRH S EEDND.

FEDIGAICDONT

AFEE, ERFELD BHERESS <, @0k
[ fRRE & ZEE A RAET ) 7L S A L IZER{LT
Z, JEEREMZFRVIRLAIEMNTIEET, HEHOMm
TR L T OB O TS & 3T REICEED
TADEUNSS. —FH, 1D DWI BHD
ATH, Fig 1 (b) OEMHEHFicESNSLD
IREEERESEHAT N NEREINSE, Wi
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The Functional Imaging of

Skeletal Muscle Contraction

"WATANABE Yasuharu

Department of Neurosurgery,
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Abstract

Purpose © Muscular contraction is caused by the sliding of actin and myosin filaments into each other. This
sliding may cause conspicuous movement of water molecules without molecular movement surrounding
these filaments. Despite a variety of tomographic imaging modalities, there is no imaging technique that
can detect muscle contraction. Diffusion-weighted magnetic resonance imaging (DWI) is sensitive to the
random motion of water molecules, and DWI may detect skeletal muscle contraction by detecting the
intravoxel incoherent motion (IVIM) of water molecules in muscle. DWI also has sensitivity to material
strain resulting from tissue deformation. Because skeletal muscle tissues cause material strain during isotonic
contraction, DWI may be able to visualize isotonic contraction. This study tested the hypothesis that single
muscle contraction can be visualized using DWI. To estimate the influence of motion artifact on DWI
signal intensity during movement, an additional experiment using moving agar phantom was also performed.
Methods @ Seven healthy volunteers were examined in the human study. Two regions of interest were
cstablished. One was the extensor digitorum muscle which is contracted during extension of the middle
finger, and the other was the extensor carpi radialis muscle as control. After resting, the middle finger
was extended slowly, which was regarded as isotonic contraction. Subsequently. extension of the middle
finger was maintained, which was regarded as isometric contraction. All MR imaging was conducted on a
1.5-T clinical whole-body imager. A single-shot dynamic DW-EPI was performed. The diffusion gradients
were applied along the z axis, parallel to the direction of muscle contraction. In the phantom study using
the dynamic DWI to determine whether DW images were affected by the motion of the phantom itself,
an agar phantom was moved at a constant speed of approximately 2 mm/s using an electric motor during
measurement.

Results © The signal intensity of DWI in the extensor digitorum muscle was markedly and specifically
decreased only during isotonic muscle contraction. In contrast, the signal intensity in the extensor digitorum
muscle during isometric contraction was close to that at rest. The signal intensity in the extensor carpi
radialis muscle did not show a significant change throughout the entire measurement period. In phantom
experiments, the DWI signal of the phantom during movement at a constant speed did not differ from
that at rest.

Conclusion : The temporal reduction in DWI intensity during isotonic muscle contraction may be caused by
incoherent movement of water molecules within the muscle tissue associated with tissue deformation. This
is the first report to describe visualization of a single contracting muscle using dynamic DWI. This
technique provides an image of single contracting muscle with excellent resolution. These findings indicate
the possibility of real-time functional mapping of skeletal muscle fibers during various complicated
movements of the extremities.
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