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30 1 105 -
| ——_— % —+am —— 2l
20 —=-3kmh 10 4 -=-3kmh
15 4 —a—1kmh 95 —d—dkm'h
5 o i
10 4 Skm'h 9 4 Skm'h
5 85
WAL OHERIBR  — 10MER — 208EH R BB L OMEBIR  — L0BEMRR — 20HEHI IR
(%MVC) (%MVC) #S
% SRR 2 PR
26 1 21 1
20
24 ~+=2kmh 19 4 —+—2kmh
22 -&-3kmh 18 4 —&=3kmh
=d—dkm'h 17 4 ——dkm'h
20 A i e
Skmh 16 Skmh
18 15
16 r ] 14 T )
WAL OHEMIR LOBERI — 200880 T OMEBIER  — 10MEBIER — 2050

7. BMISTEIE (Single Stance Phase) (T 35 E81Z1L
* R BETEEHIRERp < 005, #: BTHEERDp < 005 $:REMEMDp <0.05

fm R
1. BHEAE EKAUCADEREETEEFIRRAE &
SITREDZE

HKHEHAELEEZERETHALLAUCIIBVT, &
P £ S 1 R A B & AT B O NS B K HAEH X
BOLhoT2.

SRR BR A E ORI X b, EBEHiTIZAL
& A3 BT L B A EEASE RS L (p <
005), A2 AESAREISHMLZ (p < 005). MR
EiCII K212 B\ CHEBI i M EE S IS L (p
< 0.05), K3OMENREZIZHML7 (p < 005 (X
4). BEESTIIAEELRELIESN ) o7z,

BATHEORINZ L), EEEHCTIZALE A2TRH
i AESEFICEML (p < 005), A3THEPBIM
JETR A EDSSE IS L 72 (p < 005). MEEHTIX
K2O MDA ZIZBML (p < 005), K3TI3 M
TR AESAZICEM L (p < 005) (X4). KM
i CIXHICIX B B A EE A B m L (p <
0.05), H2& H3DMENARICHM L7z (p <0.05).

F 72, AUCHIZEBEEEHI RO X ) &I
WL (p < 0.05), AUC2I3 BT HIRE X O
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TTHEEOBIN X W AEREMZ R L (p < 005)
(X5).

2. LRICH I 2FIEE~NDER
TRENEE (X6)

SRR R A E ORI X v, LR CHIGE)AS
ARECHEMLZHEIETHTHY (p <005), KhE
ECIEA BTG E 25 A L7z (p < 0.05).

BRATHEOBIIC X 1, LR CHIGEIAA Z (28
L 7= AR, KB (p < 0.001), KBRE R,
T (p<005) Thoi.

LR C & B35 i ) BR A4 B & R AT M O R BAEH ©
BoNmg, RS, WEIERS, PRERREE, R
Tho72 (p<005).

B FERDROBEIC XY, JEBIEIT B B 28 $
% &, FIEH T, BITHEED 3kn /h OBE DA
ABECHIEE ML (p < 005), BEEmH T, 4
ATHEEDS 3 km /h & 5km /h DA ICHEE B4 (p
< 005), RS TIE, AATHEEA 2kn /h, 3km/
h, 5km/h D& THBEIHIEE2SHML Tz (p
<005). F7, BATHESHMT S E, AiEEHT
X, &TORBEIAESMCTHEESSHEML (p <

EEREHRAE S
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EREFITROIC ERSTHOLR # B FIREMIZLSIR

&

8. IC ~ LREFDERIEI A EXILDKF

IEEAT TR TRAEEMISED &, BB ERN T 5.
UL, REESHERROBIMIE D, TRPAERLIED)
Wi, LREEOBEEEME LR %5, 200, &
AU 23 U 7 W IRBRE G TG IE B A% A L 72.

.........

005), BEREM <X, RBEEEEHEIES -10E0%54
D HRALTHEEOBEINZ X 0 #HiEEIAH M (p < 0.05),
B T, R BETE R IR A e WA O AT
OB X ) HEISHIEE WD LTz (p <
0.05).

3. SStICE I 2HBE D EHEEEFEAE S
TRENHE (XM7)

JERE T I BIRRA B ORI X Y, Al &
B O RTG B 2%, SStICBWTAHBICHMLZ (p <
0.05).

ABATHE O X ), SSt TIXATIE K, WA
i (p <0001), KBEH (p <005 OFHIGE»H
ML 72,

SStTI&, & BHETT i ) BR A BE & AT R EE O AL HAR
g, BEIER & RS TSz (p < 0.05).

HRERROMEI LY, BT f R 253
% &, WEER CTLE, BATHEED2kn /h DY H O AR
WGBSR L7z (p < 005). F 72, HATHEEDS
W5 &, BEEA T, &ToRBEAESMICT
ARAZHIGE2ZE ML (p < 005), PHEWHTIE, &
PRI BR A RE2SHIBR 22 L, OFF, —20REHIBR O
HCTHRICHIEE A LTz (p <0.05).

B

1. EEEEEHIRAE & STREDEILN ST
57 38%

REHTEFROBMm XY, ICH (A1) LR
W (A2) OJEBEIEE MBS L, LR RO R
(K2) 2T 2HE2 oz, IEFHRTIZBWT,
LR R T AT 5 o 55 0P ILE & Heel Rocker #% BB
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ERBITROSS EE MRSk SHsst HiTHEEEMIZ LSS5t
= |8 =

9. SStEFDRREIETAEELDRT

IEHAAT CIE SSUIRFIC T REASHT S 2. JE BIEN T I B oD g
My, THROTMEAHE S 505, KEERIEH AT
b7z%, SStRFOMEBMHIAME LR T %%,

BATHESBINS 5 &, FOZ EREAmML, ThHEHES
®H720, BHEEHPEILPT s, 2oz, NHIRH -
KBRS TR A 2.

12X 5T, BESIZICHOMEBEMA S, LREFIZAR
DU BE 5 00 3 U PR LR 2 B o TRz & 22 9. L
AL, RBEETEEHBIBRIC X 0 LB 2T 5 12 E B
Wiz, EWRTI ) LREFIC TR EEAL
EONT, ICK» O RBEEsMELZ-ZFFICRE
ENEZONE (M8). T/ Zo0HIZ, KRN
SEA 0w ORG24 U9, LREFI K BRIE 5 O /5 16
WA L2 EZOND.

CNEITRRIZ, BATHEEOBIMZ LY, LREEO
JEBAET (K2) A3 28582 oz, AT HBE
DM, IC KRS B~ o 17 R B A3 Sk 12
), PR E OMZ2EMEIC L Y AU ST A
DEFBEIHEML T VDL EMWREIND. ZOFHE
DEBEDOBEIN R LT, IC ~ LR B MBI/
3 2 K IRPY A 0 32 PRI 2 1 o 72 4 B 8 il o> 2
FVEDBEMT 22 LN EZ SN, 207202, KT
HEOWIMZ LY, LRI (K2) OREBEEAEI L <
T, HEBIEE i 2 B9 5 720 12 E O G 3
% AR B £ OSKBRIE R O iGE2sH N L7 & % x
Sh5.

F 7z, SStEFCIdEBFHEMEIROMMmXy, 2
B A (A3) 28U, MRBIEN (K3) (M
T HRERE SN, IEFAAT T SStRFIC L B
I0EREFTHRLY, FTHARETEShTws
A%, RIS HIRIC X o TFBEEBASHIA LIZ vk
LIRS NE. LaL, KGO ~D
BN X > TREEEBIZRIE 2 Hel) 5 720 (K9),
SStEFOMERIFIMEDE L3 < 2, RRBEME M A
HRUEE2ON5. 20 X9 28 B H BRI
X o T O BRIE MRS A USRI, EwED
SELNZYIalL—va VMIFRICBWT OGS h
TW5?, F72, FREEIZBWTIE, LR ~ SSth#iC



H AR Al TR AP R

THREHEG OGBS E W &2 & - TP HRORHEAS
Ve oo 72856, ORI ELRSTWE SNT
WA, SR OFERD X 2, BEEGOFIGEICE
237 < ThH, RHEEHEHMAEDOHIRAH S Z & TR
RBERAAE TS 2 e SN LarLl, —HT
JE RS R B BR O BE NI X 5 T, LRI & SSt |2 i
Fitoz i (AUCIB L UTAUC2) ML <Tsh,
JER T TR A BRI SORB I A L L S DA TR
<, VENCHEZZ S A EER D AL S Tw
bIENEZONDL. BATHIZR TR, BEHIIBVT,
T—Y L0 2B & R4 O AL TR L7z
Yitr, Weg L 3EMIEEHIFICHILAELRT
b EHEBEEIRTHDY,

BATHEOBIZ L Y, IC ~ LRI & AAEIZ, SSt
REICHEREN (K3) Tl A ESHMm L Tz, F72,

BATHEBEOWIMZ LY, HEEIHoZ L L BHE O
WEIASHMLCTB Y, FHZAES 5720108725
LEEETwR RIS (K9). VT
RN EOFED% FI2s U CBEEE2 i 592
ES, BATHEEORIMIC XY, SSt IR HAYE
ML 20, ZoRMEEMEZHZT 27012,
WA B & ORBRIE T CRilkEh2s ML 722 E 2 5
ns5.

S AR B LT, SRR 5 &
BRI AR L, AATHE 2 BN S & 5 & IR BIET Y
35 & 9 % KRBT EZLOR BB 255
NpofzZ b, RMAHERHIROREEICED S
. EBIEIT R AT B C X B BRI, RS
BHERITTEDVELR T 2D 2 EAURE SN,
PR B BT b BORBEAAT I35 AT 3 BE D20 %
Kl EOEEERITTRAOhBEEINRTEY Y,
JEBEI AR EORKOA TR L, FEE T
TH AT IREE THAT T 5 7200 1B 2 B BB RE D3
72U, RHEERATICR > TLE) LD, EHITK
RERT 2P ERBI L TWAZ RSN, T 72,
JERIEIT R IR oIS, RN 24 L 88w
HOMRTHRL, BRETIIHEZZ LS MEEE) D A4
LR$LERTEY, ZoEZZE X85 EE L,
BATHEOHNMC L > THELRT L b Z EAVRE
I,

IR DHIFR

AFFEOHMRE LT, REHiZEETHRL T2
ZHBD S, BATHEOBEINC & ) B (AL

A2, A3) XBWTHEREPHONZ LIE, ¥
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BOERITHOLR )R bAR EOEBIEZ S
N, T OEEEEE L TEHRE&ES R R R
TEULEND L. Tz, BIERNT 2 2R CEIERFIT I
TIToTWAH DI, FITHO TR O EES 2 &0
WERBATETELT, EBROBITREOEEME L
AL -BEMiAEICERAEPELTLE > TV A RN
b, 2HIT, FHIONRIIH KT O % EEH
THY, WIKT % & o e BT B R DAL O 2K &
B LTV A REZICBWTIE, SROfFKRICBT
BHATHEEDEAIZ & o THE U 72 B A 2L K
BRIUSERS O R IEEI AL 7 & OB % — BRI 5 2
IR, SR A B L OB G 7 5.

FEDH

AWFZeCld, EPAETEGIRDSERKE LTEL S X
IRIBAAT 2 BB T % 720, fE & 2RI,
JE RS TR IR & AT DR 2 2 b s, A ATHE
O F e B £ B & I O FiE B O ZAL DR & e
L7-.

2 BE £ 1 R o0 B i s B i & A g S % AN
) < AS, BRATHEEOBIN X 0 RN E L9 <
LA BT A0, RMEEHERHIROMRTIE—
B SGRBEMAA: U5 b Tld e £, MlERT4
EDOBITHREDENE ZBICANLLEDNH LI LW
AN 2Y (WA

F 72, JEPAEITE HIRR & AT B OB & 5 HERY
HioJE i - R AEAISRIET 5 X912, FEITKHE
PUBE; \Z CTHRG B ASH I3 5 RS 235 5 7z,

Ltk SO JEBEETEIRHIRR & 2347 HE DR O M
2 & BAATRED T RIS EE AL B X OV O i
B LoOR R EZHLIZ, REHEERIBRDAOER M
L CTW D RIS BUT 2 54T O 5 & SN B
LTV LEND 5.

(32 #]

1) De Quervain IA, Simon SR, Leurgans S, Pease
WS, McAllister D: Gait pattern in the early
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The influences of limitation of the ankle dorsiflexion and gait speed to lower
limb joint angles and muscle activities during gait

Abstract

Limited range of motion at the ankle joint is one of the main causes of genu recurvatum. The purpose of
this study was to clarify the kinematic and electromyographic changes induced by limited ankle joint motion
during gait.

Eleven healthy subjects (21.5 = 0.8 years old) participated in this study. An ankle-foot orthosis was used to
limit the ankle dorsiflexion (DF) motion from 0 to 20 degree. The gait analysis was performed at 2, 3, 4, and 5
km/h on a treadmill. The joint angles and electromyographic signals on the right side of the lower limb were
measured during gait. In addition, the degree of heel elevation during the stance phase, which is a kinematic
change caused by limited DF motion, was measured.

The knee angle extended significantly as DF motion was limited, whereas it flexed significantly as gait
speed increased during loading response and single-limb stance phase. Rectus femoris and vastus medialis
muscle activities increased significantly with increased gait speed during the same phases. Heel elevation
significantly increased with limited ankle motion and increased gait speed during the stance phase.

These results suggest that genu recurvatum is influenced by gait speed. With changes in knee angle,
quadriceps muscles become more activated to support the weight in the flexed knee position.

Key words: limitation of the ankle dorsiflexion, Gait speed, Genu recurvatum, Electromyography
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R &
BEFITERL 253 12 X 2 1 R0 Bl B A7 IS 39 %
TAY XYV F L OTREIR
ff RN, BE EAY, HE SR e e

F—U—F:TRASFH U Fr, BHMIME, %5

&

[

7 AEERRIIER 2 & OLHCH L 5B
W T, WWMEMEREOR AL AMILA ML 2D
WY T PR A S, SRR BN o
BATHZALS A U 5%, ML A b L 2GR A A
PURBL IR THE L L, ARomb & biiE
AbDINTG v ZAHENTIREE) L g S, A P
FaBEESRE X S = XN LT, BRIEX L A8
EOMEATRIE ST WS, BRI AS O RS
&, BIEENEICARTE LY, ANIEENC X 0 S EhE AR
¥ B RGBS O BITIEZALAE U B & s
ERTwa?. T, mEHLEB X OCRERKICE,
M55 N MR 345 I 1~ (vascular endothelial growth
factor ; VEGF) ASB5- L"), BeHITEM; 25 12 PE v,
VEGF OB WA T 5. MBI 2 Al
HOBREIEEHRAENOBE AR - ACHED D
W%k TH Y, BERHEMETO L RV — BB
BRRL TS, —7, THIME 0BT, AR
DI ANFE—NRBHEHFIBRL, HiGE2 622 &0
5, BEMEZEM BV TS OBITHZILE T
BidanZlid, EWAHEHEZELLOICHEETH S
LEZLND.

M ECTH U2 EHEHORNIERIC L 2ELA bL A

1) A KRR B bR A e R
(Department of Rehabilitation Science, Kobe
University Graduate School of Health Sciences)
(T654-0142  #= T ZHBE X A ASIET-10-2)

2) IREER AT R 7 R R AR AR B o
(Department of Physical Therapy, Himeji Dokkyo
University)
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oMK L, ¥¥IVETRz A vu vy
COMBILWE 2 HRG$5Z LT, BRILA PL 2O
MEERL, A—/3—FF T FF1 205 =¥ (Cuw/
Zn-Superoxide dismutase : SOD-1) @340 % #H) L
T2 DWERDH Y, MILA b L AISK L TR
e 5% {ftbTwab, BIEA ML AD
BEIMZPE PR LE % TH 5 SOD-1EAE D IS 5 2
EnH, SOD-IFELA FLAR—H—L LTEHL D
METH LR TWAEY) T2 MRt EOhTY
HIVF I A FEEO—HTHET AT I F VI,
S RPIRILER 25 0, €4 3 Y ED10008%, B
AT Y OWEOWBIL A H B TAY XY
FUHBRME BEEZECELAETR, ST ERE
D—DOTH b —EIHBRH L BERILIRE %k L"),
WALA PLAFE LD T AN BRI LHIRTE S
DIEER AT AL TR LIBILIZEL L L S
NTWB®, FRICBWCERITGERO TS L O
WS EEEE A L VSN T W AR, ATGE)I
H R AR 5 EB TR L A b L AHHEINT 5
EEbhTWwaY Y, 22T, FHREEZHMWIC
TN LB L DAECLBILA ML AR T A T4
VFVICTRAT A ERTENE, XD RIERNICE
MMM BT 2 PR35 2 &A5CTE, S5I121EH
EMOTHZOGNLEDOTIR RV EER . 22T,
AIFZETIE, FTFHEIEME LT, NGB T 25
XY UF U EBRET LI ETHILA L ZOBN % %
WL, B EMILEOBITHEELEFRITE 5
LW RBE R T, MEEL 7.

MRETE

1. EEREY
Wistar AHEPE S » F24PC (12:8 85, (KH 240 - 287 g)
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ZHW, 60Ty bR EAESIZRO 4TI L
7z 1) xtHE#E (CONHE), 2) TRV FHryF %
e L7-8 (ASX#E), 3) BBIEMmER HUB),
4) BIEIEMELMPICT A F U F U2 &S L
2B (HU+ASX#E) & L72. v M= 1T,
12 B o BB R o BB T I CEBRMMp 2@ U T
R — DICHE SN, BB X OHAKITHBE L7z,
AWk, HARLEHZSO [HEBAEBICBT 58
FERIZHT B IEARIRE ] B X OHE RFEICBT 58
FEERCH T B ARBEST, /N> THERML 72,

2. TARXHLFoHE

ASX B & HU+ASX BELZ1350 mg /kgD 7 A 7 F4
Fr (BT #1H2M, VU FeHwTR
O%5 L7, /-1 RB®O%YS L 2HEOHRGHELY
6REMIE L, 7 HM¥HYS L. #5EICOWTIIEAT
WF7e™ ) 2 B# | L CE L 72,

3. BRBERETTIVOEE

HU# & HU+ASX # (X Morey &%) 2 JHv, 7 HIH
BEIEmEIRE S L, BN SEmER s e £
72, BRI D r—YNEAHICBEITE 55 S THE
EL7-.

4. b7 AFIEROAERN, HfLe, EHOERATE
CONBLASXHIX 7 HMoBHEHF#®, HUML
HU+ASX#1Z 7 H M D2 B IR B # 178212,
VIV E S = b A (50 mg /kg) THREEL
A% 2 (1000 Urkg) Z#¢5- L7z FREIRD S8
MU 2RI L 7212, e g AMmafmbL, Bk
wERAME L KIS, BREIRICAH=2—L &2
A LT, AP Ca A& B N % B L,
i U7z, B4 B AE O =R o6& 2 Blg 3 5
72012, 422 CTHRIRIC L7228 % ¥ T F V. (Sigma-
Aldrich) 121 %#EWHE (#t~—7 —H#ifAf >~ 7,
Tombow) % Ml Z 7= 96 # 2 #E L 72, 159
RS L, A AMEfliL MiiLzmie 7
A, FIATAATHI LT P TEMH
L7z, e g ARt sgtn, BLoy v
NI BERICH WS T, ik T Afiddfsr —
W — B X B B EMINE OBIZE T, —80
CoOTF4—=77) —FTRIF L7z, HRRAFELE
LI AHmEAB»S 7 ) F A7 v b (CM3050S, Leica
Microsystems) ZfifH L C, E &12 um DRI H
ZAER L7z WA ERKN M 2 Bl5 3 5729012
TIVAY T+ A7 7% —+F (alkaline phosphatase ;
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AP) ¥t % jifi L 72. AP¥: 113, Hansen Smith &
DFE2 2 M, Y % 4 % paraformaldehyde T
i B L 72 &, 002 % 5bromo-4-chloro-3-indoxyl
phosphate toluidine salt &0.1% nitroblue tetrazolium
%M 27202 M borate buffer {2 T60%) M % il TRt X
7. FD%, 4 % paraformaldehyde THEZE L 72
B, 7N A=V EFTL ITTHAB X OEMEITV,
# A# (Mount quick, Daido Sangyo) TH A L7-.

s Lo e 7 AR E, 204 R8 v
FCTE 100 umD W Z#ER- L7728, 4 %
paraformaldehyde (2 TR % L7z, &% B I O
SR E R BET L7201, W7 VTV L —
¥ — (488 nm) % {7z L — WS (TCS-
SP, Leica Microsystems), B X N#HHKA A=V v 7
v 7 b = 7 (LAS-AF, Leica Microsystems) T,
YR 1 um#EICHFET 52 BMME L2 A F Y= 7
L, S5 E2 ME L7z

5. A&

APt 2 i L7-BEARIL, 1HEADLD 48D
A S L A BRI L, e M (BX5],
Olympus) THIZ L 72, stz m— L7k, ot
FBEMEEI R L72CCD A A 5 (VB-7000, Keyence)
FHOWTIREL, IELLMMKGEZ -V Fray
Ya— %I AAL BE§EN Y 7 b (Image ],
NIH) %M\, MisHEfiwre) s B0 2 misiiE 1 A
DI RRAMERL 2 B3 % BMIIE £ (capillary number/
fiber ; CAF) # 8 L7 S5, WY AALHIER
WIZBT 2 & TOMmMBRMER L TSR Z 5z, kit
Hed 720 OFBMMIMEF L (capillary-to-fiber ratio ; C/
F ratio) #& ML 7.

EAMEERE, HESL - BRI N ES
N7z ZWRIT R A & BN~ 7 b (Image J, NIH)
ZHWTHEH L7,

6. SOD-15 LU VEGFRIREDBITE & B
HAEIRAE L 7o/ e 7 A iR O b e #84920 mg
% 4] ) H L, proteinase inhibitor (1 : 200, P8340,
Sigma Chemical) % & #1052 OHMER (Tris-HCI
10 mM, NaCl 100 mM, pH 74) %Nz T, @&k
FEYF 4 ¥ — (UR-20P, Tomy Seiko) TIHEALL
7z, BWEAL LY v 7 iz 4 C Tl (8000
g) L, B EZMBEILL 72, Bradfordi#E 2 £ © #&
vy RMNEL, SDSY Y TNy T 7 —&
W (Tris-HCI 625 mM, 2 % SDS, 10% glycerol, 5%
mercaptoethanol, 0.02% bromphenol blue) Tk 5 X%
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R1. FELEIABOHEER

[ (2) iR AL (mg) LEESNis Y
CON 279+7 1 +7 0.40 +0.02
ASX 271£2 16+7 0.43 £0.02
HU 235 £ 4* 80 7* 0.34 £ 0.02%
HU+ASX 234+ 7* 76 + 5% 0.32+0.01*

CONEE: xJHAEE, ASXEE: 7RA ¥ FH v F o 285 L8, HUBE: BEIEM ER,
HU+ASX #: B IEM BT A S X3 0 F v 2 &5 L8
mean = SD, * HEHELOHEEE (p <0.05)

Wiy 37 &%10 ng /ml I[SHREL. Z0tE, 80
CTTI55 M OBE %47 5 7.

Laemmli #*12X Y, 125%0KY 72 ) VT 3
FrVE VT, 72 u~\20 ugd ¥ v 87 G %k
AL, BXIKE) (40 mA, 90 ) I TH & v 82
BOnMxiTo 7. BRKEHTH, I FIAHE
W2& 0 & X7 E % PVDFIEICEHEE. (150 mA, 904
M) L, PVDF @R IGHEE 70y 75572012,
5% 7 1 v ¥ v 7B (Blocking Agent, Amersham
Biosciences) (2 3 Wi fk#z & ¥ 7. &KIZSOD-1 €
J 7 a—F Ptk (1200, sc-8637, Santa Cruz
Biotechnology) ¥ X O'VEGF €/ 7 u—JF Lifk (1
: 200, sc-7269, Santa Cruz Biotechnology) & #ih Z
N4 TlZTover night TA ¥ FaxX— &4, HFH
FBIZHRPEGE —wkPuik (1 :1000) & 1 BRI S &
7z. SOD-1B X ' VEGF 8= 1%, b3t (ECL
Plus, Amersham Life Science) T¥ ZF NV &EH L,
SefbaEFs R (LAS-1000, Fujifilm) T 247 - 72.
Heth L72SOD-18 & IN'VEGF O & 8> i, BRI
7 b (Science Lab, Fujifilm) TF > ¥ F X b1 —
L7 72, WEMI Y bu—) v e LTS -actin
AL, CONHEZ100& LR E & Z2H L7

7. #rEtIE

O NZWEMEIT T £ AR AETERR L. &
FEW o BRI 1d — e R i 501k A1 & Turkey-Kramer
DL HEIBRE ZITV, AREAKEIZS BRI E L7z,

fm R

1. FESIVE S X HBEWEHTERL

IREIX CONBEAT279 = Tg, ASX#ED271 = 2g,
HUA%235 = 4g, HU+ASXBEA234 = 7g& 721,
7THMOBBEIEMEEL L-HUBES X 0WHU+ASX
HEAS, CONBEL I L CTAHABICKMARL 2 (K

41

R1. PIVAUT X7 7 2—ERBEEK
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BWT, HUBICIEB L CHEICEEZ/RL, CONE
COMICHEEZRD o7z,

3. BIEHEMNEER

SN L — PSS (K 3) 2555 EM
MAFEEZEH LM%, CONBEABS84 + 1.60 um,
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L7-.

A& BRI A O R 2 o01c, B £
#a (M4) 2 A FFF AR, HRILEkO@BEA
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SOD-1788i& (X5) IZCON#EZ1000 = 245& L
72, ASXEEA69.6 = 21.7, HUBEA132.3 = 293,
HU+ASX #2944 = 285% 7 -7z, CONBEICHEK L
TASXBENH B Z R L, HUBIZA B8
L7, —7, HU+ASX# T, HUBRICHE L TAH
I Z R L, CONBEE OBICHEEZHD LD
7z.

25kDa m— - — W SO0 1

200 D - =i

*

150 4

100 A T *
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SOD-1(AU)
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5. SOD-1%HE

YIRF Ty T4 7P E )M L72S0D-1 (25 kDa)
DNV FB XU -actin (42 kDa) O8> F (A)
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HU#E: BB EREE, HU+ASX B SBBIEME BRI 7 A
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mean * SD, *& TIXZZENZFNCONHE, HUBE OAHEEE
< 0.05)
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A 24kDa > " W \/EGF

s20a DD GNP S ©-:cin

150 4
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6. VEGF®#HE
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mean * SD, *& TIZZNZFNCONEE, HUBEL DHFEEX
< 0.05)

5. VEGF&REZ
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a~
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AHRAME DG 2T S5 &3, MILOREETS
PEDWANZ & ) U 2B 5 EMINE ORITH 2 €
F) YT REESERT. T2, BBIETEICL A4
WHEHRGHNOBILA L A% LA ZEL® LED
NTHBY, BILA L AOBINC X ) VEGF O38H
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Protective effects of astaxanthin supplementation on
capillary regression of disuse atrophied muscle.

Abstract

Disuse-induced capillary regression in skeletal muscle is related to overexpression of oxidative stress and/
or disorder of endocapillary cell following generation of oxidative stress. We hypothesized that astaxanthin,
as an antioxidant supplement, is able to attenuate oxidative stress induced by disuse, and the attenuation
consequently lead to inhibit capillary regression in atrophied skeletal muscle. The purpose of the present
study was to identify antioxidant effect of astaxanthin, and then to investigate preventive effects of
astaxanthin on capillary regression of soleus muscle during hindlimb unloading. Twenty-four male Wistar rats
were used in the present study. Rats were divided into control, control plus astaxanthin treatment, hindlimb
unloaded, or hindlimb unloaded plus astaxanthin treatment group for seven days. Hindlimb unloading without
astaxanthin resulted in a loss of muscle weight and a decrease of the number of capillaries. Additionally,
hindlimb unloading without astaxanthin caused an overexpression of superoxide dismutase (SOD-1), and a
decreased expression level of vascular endothelial growth factor (VEGF), whereas hindlimb unloading with
astaxanthin maintained the expressions of SOD-1 and VEGF at the control level, prevented disuse-induced
capillary regression. These results suggest that astaxanthin is effective to attenuate oxidative stress and
capillary regression in disuse muscle atrophy.

Key words: astaxanthin, capillary, muscle atrophy

46



H AR Al TR AP R

Iz

i

§516% 27 (2012)

FhL—=VZHIBHDA I NT T 25 4 AD
A Wk S )y D 5 U A R R D RMEFF I BT 9 s

AR, &1 SOR°, SRHEETF, Ak GH°

F—U—F: XAYFVTS7 54 X, EBFEE, FE

&

[

AR=YBEFERYNEY) T—2a rEZITTLE
HIIIMER R LWL, HH—wEH, FL—=
YT ERRIEL TR SR WIR SR AT A Z LA
HbH, TOEHIIZPL—= v T R—IEIZIRIE, H5
WidhiEd a2t 2 FrL—= v rEnd) FL—
U7k o TEAL L /M i R B i 75 58 72 &1,
FhL—Z U FRITHIET, FL—= U FHIDIREE
WWRBEW) ZERHBHEIhTwEYY, E512, Th
5OBHREREOETICEY, X7+ —<  ZABETT
LEEZD.

—, BREEEZ D TICH AR ST+ —<
A% ETHEHEELT, AVIVTITT 4 AN H
Ho AVINTI T4 AEIE, BREEEEHNE
LT, #BA X =V BELERTLETH LY.
F7EE A A — T LE, EBEoOEE)IEDTICZ D
el A=V 352 8T, WWISHERZ2FHT 56
B EiE L ERIN TS, SRR/ S 7 4 —
RYVACHT LAY EINT T T4 ADRFEICE L
T, Yue H5YI/NEIMEEBI O XA Y ¥ VT T 7T 4 R
WZ& 5T, lEREEDTIS, AINBIMET O 28
M EL7-EHE L. 2512, Pascual-Leone 5913 ¥
TIHEDA S INT 7T 4 ALY, €703

1) ALBREER R AR BE PRA R FR -~ 72 )
(Graduate School of Health Sciences, Sapporo
Medical University)

2) FLBREEFRIRS:  PRAEBRFEE BRI A8 e
(Second Division of Physical Therapy, Sapporo
Medical University)

(T060-8556 AbifE ALl X 140617 T H)

47

T = VADBMLELEHmE L. I ofdmEr
5, AVINTI T T 4 AN K LUES) 2 NI
HIHr2L2koT, X7+ —< VA0 EIZHEST
HEWH) T EAIRIEEING.

ZDAVINT T T4 AT ML —= v I
TH 282X, BRLNNT =<V ADMER S
BEWVHZEPIEREINTVEY. kS, F b
L—= UV THIRICAT o 72 A VI NT T 7T 4 AHSTF b
L—= FHBONRT =< v AT TR HE L
720 9, BEBREES— BT 4 MY L. £
O, 3EMOF ML —= v ZMMERT . Ok
B FML—=VZHMICIA Y INVNT I T4 A%
TolBETIITHI L 72—V RITONRT =< v A %
MRS EDTERD, AVINT T T4 A%AT
DRV HETEINT =< VAPKT L. 2T D,
FRL—Z U THIMICA VI VTG 754 A%RTH
L2k, REMMomEICL> T ELARRT7 3=~
YADKEFES N DI REEAVRIE S A,

—%, BE)OBME LIFBHETIA Y INT TS
T A ADMEDEL D L) ZELHEEN TV B,
Clark® i3 N2 v P R— VD7) — 20 —12BWVT,
BB CIIEBIHY LB EA I VT I I T4 R
BT o 2 BECHE U S 7 5+ —< Y AN E L2 & 3
L7z, —F, FEBEETEIAINVTIT T 4R
AT 7ML 0 L EBOHE 24T - 72 HDIT ) 238
T =AM ELR. F070, FEEREEHEIEA v
INT T 7T 4 AL BRIEIED LIRS
HEME L., TM52E, REOBEE & I
BENGELT, 4 X—VF 5EHOEMEHET) A
A=V OB T B2 MG Lz, oK%, 4l
BOMHTH OB 4 X — I HIZIE L 7z s B iE 5 EAL
OIRVEIE, ZERE & iR L CHlEiE IR L7225,
RS E TIIEALD o7z, F L —= v 7R



H AR Al TR AP R

< AR BT
{ AVSNTZ29T1 A :
T e

FhL—=>7 . 2B

RS : AARL

MIRF—Y

§516% 27 (2012)

A

1. ERBRFIE

REITHOWER,
HLOBREIT o7z KIT, RETICHED

AT =V EBAT—VIiATo 7 WIAT— VTR, RANREDHIRE N T) 2 Rl s DR EHT
S5OMEHICT 2 LR L7z, Tk, RETHBIELI0MIT- 72

hzlty

FELT, AR5ty MEVIERLZ BAT—YTREGRIITDT, ZOMITHAT =Y LAROTFIRTIT o7, £AT =7

D1ty bHESEY FHZBNHSRE L7

x1.

BA

[FoiEY ]
s EFEMNE, EFNT,

R

« EFIT, FOOLOERMMPMEL L OITL, MadbIEERICES L5
W29 %, MELERZ LonViiD, BB NELEZBCZAL LI

L—C}Eéo

s EFOFICHEOLONTSIEVMNEDL LD 2EE S > T E2FF,
s FROLETFREE, LEo®WIBEY, ORI LLEFEFRLLIICT S,

[ TIof7E ]

« EFOMEITASOHKI D BLZE—DNBENT-L 25, ZLTHAZD

~NEXD DT MNTICEL,
o RISEIIMEOE S,
[2ofrE]

o EAEO»NE ZRIBICT O, BIT—EEOH1% L T\ 5 0O0NEE,

s EODPLIID LEDE S,
RETH

O WADOEANS, ERICHLERE LOOHREHA M Lind 5,

@ FREEHFH O LFERIZ, EAOTF 2RI 23 5 LH,
@ AR 20 L [FRFIC, RIJE TR 222 <,

@ FITEREVEDT, K22 TPEROWEZIZKS,

AT — YV TiT o 1R E B OERNEZRT.

DAYEINT ST T4 AZENINT + —< ¥ ADHEFE
ENDEME LR OMRICBWTIE, 48D
WP T L RREICA VI N T T 7T 4 ADRHR%
BTWna,

L LM, Lo, EBRMEICBVTD
BHEOHE 2 RO HEj 4 A —-T%TH) 2 LI
Lo C, MBI REMNOIRIEA K L2 L 2R L7
2F ), FEFEHHEIIBOTIHEETH LI EICE-
T, BB A A=V OREDPTEOLNL T EDRIREING.
PEXD, L CuhvwERBoEEEE ClE, &
B4 A=V OREIES I WA, Bz WS S
LICEoTEORENEOLNL T EDRIBEIND.
DT DD, KEBROEH RETH-TH, ThL—
N2 T TR AVASL ) B A N O3 SV 4
VT TG0 T4 ARITIZEICEST, AVINVT T
T4 ADREIG SN LR D 5.

438

ZITELAZ, BRIAVINVTT 7T 4 ZAORE
BhewnE SNTE-IERHEZETVEL, 1 HOM
BCm b L BT A8 E 2 WAy VTS
T4 ADFFICER L2, £LC, BEE WA
YINT T T4 AN EMEIC Lo Tl kL7
INT =V ADMFRICRITT B LR TLZ L%
HE L7z, F72, BBEI T 722 L DRWEIET
HY, HEMIATDRVEIELE LT, #IEDOREITE
REEBEEE L TR L7

MRETTE

IBRIEASES

AR, MR BAN22% (P35 R16565+72 cm,
FIgRE640+107 kg, P39 #228 +25m) & L7
WeEREE, 2B OT L —= 2 7 BRI B &



H AR Al TR AP R

_ EETONT

: _gf
MERUHE R
FEBDSVT

X2. REITHENE

WEmhrobrayzrzy -k YLl shRkEHFDS
YTERT (). REHLEIEOKTEZRT (G). HOXHR
BT U721 (GodAK) TIRZEEITH 21TV, ROEHI LT L
72l No go DA) TIIEEITBIITh R o7,

T2AYINT T T4 A%ATHORE (LUF, AR F
YEH 164460 cm, FIARESRA4+110 kg, FIIE
#i229+06i%, BT 6%, KTF5H4) L, MAZRITD
WEE (LUF, P4t P 5 RE1646+74 cm, P
A#E59.6+10.3 kg, ‘FYEE23.3+327i%, BT 64,
Y 5%) O2FIEMNT 2. BAGEHEZ, RERER
&, BRI ED D B E, AABIR I H RIS
ToTVWRVWHMLWEEZIT) FEVHLH L L7

2. Hi&

2—1. RB&RFIE

EEBEFIEZ K 1 IR L2 AFEICBWT, 2&3T
H O E L Go/No goilx FVTIr-72. Go/No go
ALEIC X 22 X4TH OMER, AART (BUF, B A 7 —
V) L2HMoF I L—= v Tk (UTF, BATF—Y)
WE L7z, WEIEUTOFMHTIT> 72, BiAT—Y
T, BOCBORZITo 72 BoRid, WERE I XET
Lo E —ERE, ZFotk, ik REEIRET
ZETHLOFOREWHRL L LE (K1) 2 HFmSE/z
WIZ, B> T, 5 MEEHCT AL HFRL7
Z D%, Go/No goifHIZ X 522 &FTH % Go DREAH
10 & 7% FTirb¥7z. REFTHLI0MEZ 1LY &
LT, GRlt5ty MEDRLZ HBAT—ITIEER
7 H T, EOMOFNILH A 7 — ¥ L MERIAT - 72

2—2. XBRFEHE
EBREIREORZEF b E L, REITHIIMT
DR CEETH ), FEREIIIH T oW fRFE L T

§516% 27 (2012)

3. WD EAT R

HTHEPNZOHOHPLD L, ROEPH HERT.
BYHL & 3T R O MEREE Xi & L7-.

___|1.0m/sec?
/(l\": Osec
. i L_

] £ !
®/ Tgnjge? "’;‘_’ E‘"c%sagl
et el k] Eh{EREM

X 4. Ep{EEFRE

YT OEETTITHERFFI AR SN TV AT 23R (KEL).
BELCINRIEEE AR SN TV AT 2R T (£TF). #h?
NONMEREET 2 58 5 N2 E2 RS (). M ONEED
onset 2 5 EED N E D onset D [ % BhERE ] & B L 72,

WHREREEZEL . AIZEICB VT, 2&FTHICI1E115
m®DY )] % w7z, BlGHE 250 F TolEEiX19
mé& L7z, REFTHLETHINE, BuKof.oizhw
oM E D, ToRmENR.LE L (K2). 7
TDFEIHRNTF g =7 BT, WIHTHIRS N
HENZ L #EEICENh LR TRET B E
19 &R L. T2 BEXBDTHSN I
B2 ETORIITHLOBERBIZ I E L, Bk
MWz —ZIlT 57011 Hzo X Fa /) —All&by
TRENHLEIT) LHRL

72, AT HLENVER OHEMIRI Z T 5 729,
e % v 72 Go/No goiftz vz, o Rz
7)) —rERREL, BEBREOKRFICKELLZTBY o
7 —=hoREFOREMLUB L (K2) HFoH8
AT LK (God A M) ITIFEEFTH 2TV, Ko
FASHEAT L 72K (No go DA 1CIEE&TH a2 1Th
HTWEINIZHR L, $72, CoREFORIEZS VS
DT AL IREL.

2—3. TAAE
MAT—VEBAT—VHO 2B Zm AE &
L, AABTIIBEHSEZHW XYV 754



H AR Al TR AP R

(em})

6.0 |_F1o.8 -
O e
40
i
%
=
&
20
’ 1 2
pre pre * : p<0.05
I |
g % % : p<0.01

5. ¥{REDT 7

prel & pre2ll B BHIA T — VO =2 /RS, WEET
HWERIICERER DY (F = 34970, p < 0.0005), prellZkt
L Cpre228iA L7z 72, BEHNERBOENICKEIER
%A o7 (F =0685 p=0418).

AEITIEIR L. AV INT S 7T 14 AT,
R=F TNVINVF X571 7 7L —%— (iPod touch,
Applett#) TRIXITLOFMWZ REL2H5, — A
A A=V %ATbE72. ZEITHLOEMEIL, FlERE
BENREITE2To TV L RELEFOBR TP OHE L

RHOERMIHLE. COXYI VTS 7T 4 A%10M
1ty FELT, &y MNEICESHOREZHA, 2
Yy Mib® AV INT T 7T 4 A% BN

1 AN NnAEDPREEE L, KIS E L. £
T2 AVIINT T 7T 4 A%AT) BRI IZH B & L.
BEERE I IIA A LRI, MAZIToZ L2 MBI
WA XIMR L. SRISHLT, WEEIZIZ2
tﬁ@?bv-:yﬁﬁﬁ¢ FEE 7213 EEXITHD
CLEEZTICEBIT IR

2—4. F—aIN&E

AFZEIZBOTIE, MWL SITHETOREENEW
3E, BRETLOEMELREVW LEZRYT. Z07k
B, WL SITHEITORBENELZ (K3).
T/, RENLORBIESEIEET 5720, Kt
RTIEl HzD A Fa ) — A8 bETEEITL 2T
bbb EIZX ) EMER I ARH Lz 2512, #FHL
bR & BRI AT L T 2 i3k 2 A3 %
oz, REITLOBERR ZME Lz ShERR
OWEIAIIAE A MR L7 I#EER (TRIGNO
WIRELESS, DELSYS#:#) 1%, K4 o X5 i2#7)
DT L, DT S TWAREIZRE L. LT,
Yy I DRNHERE 2 5 22 X 4T H OBAGGIERT,  BED N FE A

50

§516% 27 (2012)

(%)

160 —Ek ke W ATAR
® O simes
(I
i
23 100
&
e
H‘H T
=
B s
®
0 2 t1 12
pre pos pos % : p<0.05
* % : p<0.01

6. HEXBEDprel ICHTAITIEDT ST

prellZx 3 2 st ii A O ZALFR 2R . ML WER o %
Kz )LfLﬁf)ﬂZ'J‘df)of (F = 3942, p = 0.036). M~ AFETIT,
ZMERHI BV THEEDL o z0lznt L, E#HETI
pre2& kl:ﬁx L Tpostl CHBEIZH AL, postl & g L C post2
THBEIZWAD L7z (pre2 vs. postl: p = 0003, postl vs. post2:
p = 0004). F72, postliZBWT, M AREE LKL TR
THIX R OB BATH K L7 (S AR vs. iR p =
0.03).

ZEITHLORTHMZRIEEL, TOEZIIERRH &
L“Cﬁiﬂj L7

2—5. F—REMH

TSI, BiIATFT—YD1lky FHESEY MH
(LLF, prel, pre2), #A5—Y D1ty bHEG &Y
MH (BLF, postl, post2) & L, Go®Rik D AR
L7-.

ZRE LT, WG & 3T A O (i §R
) FEH L2, FoprellZitd A &Ml ERE (pre2,
postl, post2) OffixFRAEDEALEEFM L. #xt
MARDTOFEA» OB L. b, WL
HMEONEEZXie L (K3).

st =(3) élxi

7 — 5 ORRAEREL, DUT O FNCEIER 2> 5B
EL7z. 9, M) EBEICHUY AT 22 R A & B
SN7XHh - Yl - ZEOMEL Z G L. S

SEEE A AT 72012, 10 HzOT— A7 4 V%
WPE % AT o 72, RIZEEERBLG 1 Btk 5 3 ok

2B B IR EOFERE (SD) ZHE L2 &
FREAIGTE OMEEEAS, FRIEFREOMAE + 5 SD % 10
LA A E OB (DU, onset) & L, BE
EMIICELD AT 72 EEEE A & onset & B L 7z,
Z LT, BEdDonset & 17 J] D onset D 7 H & BE R [H
=R L7z (BEDonset — 71J) D onset = EYfERERH).
Z OEIMEREE 2, SWERE D prel - 2& postl - 20 H)



H AR Al TR AP R

TERE O3 X ) 33 SD YL BN T %33 % Bt
L7-.

2 — 6. RETFERVEEM

Mixfiss, FrzzhEhoZRicont, # (i
AHE - xPHRRE) &g R 2 BEIK & L 72 ZIoRliE 43 H
G xRAT o 72, 72720, HMXFRRZE IO W TR E IRy
IR D K#E % prel, pre2k L, ZILHRIZOWTIZ
prel # [ < pre2, postl, post2& L72. Wi AR H.
YER D ® - 72356, BMFER R OME (Bonferroniik)
#ATol:. HEKREZIS%E L.

fa R

FHVERER] O F-391320.897 £ 0288FCTH 1,
AP s TR D - 7-.

B AT — VBT B DR R %2 M 5 1R
AR FR AT B RS B R EREDSDH D, prelllht
L Cpre2?2siA L7 (F = 34970, p <0.0005). L
L, FEEMERPOBERICZEER I G072 (F =
0685, p =0418).

M iR D EALRE T O R L K6ITRT. It AR
BT B RAEDEALFIL, pre2458.3+15.6%,
postl12360.0=11.5 %, post243639=x240% TdH - 7.
ZhIzxr L, REEETIE, pre24%69.8=31.8%, postl
7388.0+36.0%, post22%608+212% TdH 0, &l
ERN O BRI BEAE 23 - 72 (F = 3942, p =
0.036). 512, A ARETIZAME R BV CTHER
MEDOEALRIEEE I o7, TS L, R
Tl pre2 & HEE L C postl THEIZHI AL, postl &
W L C post2 THEAZIHMA L7z (pre2 vs. postl: p =
0.003, postl vs. post2: p = 0.004). F 72 postliZHB VT,
A AHE & TRl U TR IR T iR O B LR A S
BRL72 (o ABE vs. RFEEE: p = 0.03).

Brit L7z

B
ABFZETIX, N7+ —< Y ADEEE U Tiltaifiss

W HXEREORE, ST T TOHEE
PHNE VW) T ETHY, BREXITHLOIEMEEITEL 72
ZEERT.

HAT —VIZBIT B0 REDOK RS, WHEZH
WCREITBLOIEMMEICB 2837 4 —< ¥ 225, 5
B T E L2 EdURENT. ZOTEND, Hi
AT =V TREZH bOEBFEFH P TN EZ 5.

F 72, HEREOBLROK RS, WHETIET

ol

§516% 27 (2012)

ML=V P BRICEZHLDIEMEAME T L2228
RENT. FRIIHLT, AMAEETIEpre2TIN EL
REITLOIFEMERT ML - VbR SR
72, OF D FIATF—VICBW T Th N E B R 28,
AABETIMERR SN, WM I a2 o722
EATRIEE NS,
FRIIRBRIC L o TELL T LRI TH Y, Ll
k02 bE BRRICD ) MR T 28I Ch D L2
FENTVAY, SBEICIIENRE L ENRELD Y
HIREE ORI RIIE S 2 S B, B EORMEIE
K e it B OB L EIRIC L - T, BiED L VIT—4#
BThLERTwaY KifFETIE, WATF—YTO
B 7o RS X 2 B2 E A R TR & b IR
ICEB SN EZ L. Lo L, BHREOMETE
SHhOBEEETH B0, ENRERRESRS LR
HLTLEHY. BHEHSADIZE T N—=H)V]

BUETHHY, Y n—H i, fyELEWES
THEEHOZ L THY, 220074 FTHRELET LY. —

DIXFE CNEZ BAUCRAE L, BRI TER L PREE
FTEDRFIMEHENDHMEFRF)N—FVTH D, b
) — DRI RE RFET 2727 TH L, o
AEREAE D720 LS IEL, RIREAN ¢
ERATS RS/ =L TH B K
METIX, AV INTIT 7T 4 ALV EEZTHERK
BLTWBZD, AYINTI 7T 4 AR HN—
PV HB725 L ER DL BATIZEIC K 2 & EBj A A —
VEAT) LA A=V LIEB O Wb B LS
RIGEX N2 EMESNTVEY., oz ehs, K
IZBWTH, MABTIEZT L= ZHIRIZ A~
FNVT S0 T4 A% o722 8T, LEIHLOEHH
Db BB ARG S, ThehRyI e
W&o THEBRREHER SN EEZ L. LL, i
WHETIET ML —= Y ZHIBT M iTb o722
LWZXY, BIAT =Y TCoEMRENEHEINEE
5.

F BB OEMEICBNT, AVINVTITIT 4 A
BT 3 —< VAR EEE LB D LA, FEHEHH
ZETRHERZVERESRTVEY, FrL—=
THIMIAT o 72 A VI NT T 7 T 4 ABER IR
BOOMETIE, FRL—Z UV FRiOBELIN A 48
e LTwad, Zhicx LTARIE T, #EUN%
IHELTBY, HEHMICGEVYED L. ThbbAR
M7EIX, MEIZA VY INT T I T 4 ADORER v
ENTEIBHELZETVELZDLDOTHS. T2
ABFZETIE, MEEAENZ LD D, X VI VT T
7T 4 ARAThEHBICENE F R KD o



H AR Al TR AP R

WZBWTIE, 4BEMOMETHELZ N7+ —< R
VBB OT N ==V FHIBZA Y I VT T 7T 4
A%ATH T EILEoT, MFFIN. ZO7-DEHE
ERIERIC, AV FINT T T4 ZAOREP RO L
Z2AH. LaL, AEOMENMIZ1IBETHY, &
W DOREN X % HE) = BRI oK Th 5 L
WwWHZE, F WHREREOREEHT L L2 Ln
5, JEEHE LEM LR TH L. Zolz0, R
B ERBRIS, AV INTT 7T 4 AORRIIEHON
W wWeEz 7 —T, EEOIEBHE 1L, B A X —
TR ZIT - THEHE O L 5 1T G Bk o w1k
R L 22\, BB A A — DA &[RRI B & R
Bl Th, HBME & AR H B R o BUAE P
WRLZEHRESA TS, 22T, BHz2HW5S
C L CIHBHETH > THEMHE LRI A YT VT
5754 ADRMBEEHEONL EEZ, KFETIET H
= 5 S T TR E ARV A VP A i 7 Al
AuFEM L. TOME, FThL—= v ZHE%D N
T A =<V ADKER SN2,

Dbz t»s, FhL—=rvZHBCAY VS
TITA4ARITH) T EICLY, & RRBROEREE
ThHoTh, FHINLHENRIHER SN2 TS
RIS N7z,

Mgl By TR EBICEMREINT
WOLEIEEFAE I ELLENH L. LrL, T
HDOBREDHERIRZLF E B TWDH I EDEWN
720, REREBIN T 2Bz HFRHIE5ETL
BHTRELNE)DEIAHATH L. TD72DARNIE
TIX, WEEREEBEL L2 —J, BREBETIEI
o BEDVPRRAA R & CEBIEEITT) AT
SRV H L. UL, ARWFFEIC XD Bl A2 v
T2AVINT T 7T 4 AR OMFICHIKT %

WREEAVRIR S Nz, o2 Ens, IR X )Y
L7 7 5= v AL, EEFEEZT) LN TER

WIHIIC A Y AN T T 074 A% FETH T LT, HE
FCEDWHMNH L LEZSH. AL, 2PV
7T T4 AR AE SRS L L E2RLTWS
L) BT, MBI L TEB/RVE VR 5.

(32 ®l

1) Mujika I, Padilla S: Detraining: Loss of Training-
Induced Physiological and Performance
Adaptations. Part I: Short Term Insufficient
Training Stimulus. Sports Medicine 30: 79 — 87,
2000

52

§516% 27 (2012)

2) Mujika I, Padilla S: Detraining: Loss of Training-
Induced Physiological and Performance
Adaptations. Part 1 :Long term insufficient

training stimulus. Sports Medicine 30: 145 — 154,

2000

Jackson PL, Lafleur MF, Malouin F, Richards C,

Doyon J: Potential role of mental practice using

3)

motor imagery in neurologic rehabilitation. Arch
Phys Med Rehabil 82: 1133 - 1141, 2001
4) Decety ], Grezes J: Neural mechanisms
subserving the perception of human actions.
Trends Cogn Sci 3: 172 —178, 1999
5) Yue G, Cole KJ: Strength increases from the
motor program: Comparison of training with
maximal voluntary and imagined muscle
contractions. ] Neurophysiol 67: 1114 — 1123,
1992
Pascual-Leone A, Nguyet D, Cohen LG, Brasil-
Neto JP, Cammarota A, Hallett M: Modulation

of muscle responses evoked by transcranial

6)

magnetic stimulation during the acquisition of
new fine motor skills. ] Neurophysiol 74: 1037 —
1045, 1995

KGW: A9 NT T T 4 ABHHRBON
7 = Y ANE 2 B RE ISR 54: 437 -
448, 2009

Clark LV: Effect of mental practice on the
development of a certain motor skill. Res Quart
31: 560-569, 1960

A, BN, RS, S, )
A =D& B EHFHIEEMO M BIERE. #EOH
BiE L IR OB AR EN (MEP) (2X 5
WRat. IRE 5L 46: 47 59, 2001

7)

8)

9)

10) KFEEAR 55 3 M. W, =44, 2010
11) Hkdfe—: BB 545 5 i JUn, BEpSE AR,

2000

Mark L: ;EBj M A P23k 28, W, k&,
ppl71, 2002
KIFE@2D: €5 ¥R D72 0E#)%E ABC.
WL, OB, ppb5-65, 2004

BAS TR WEVTEI OS5 L HE. B, mARE R,
pp87 — 95, 2006

12)

13)

14)



HAEREH AR RS 6% 277 (2012)

Effect of mental practice during detraining after
short-term training on tsuki performance

Abstract

The purpose of this study was to clarify the effect of the mental practice on a completely inexperienced
performance that improved after short-term practice. In this study, 22 healthy subjects were randomly
assigned to 2 groups: the mental practice group and the control group. The mental practice group performed
mental practice during detraining, and the control group performed normal daily activities. The new
movement task was “tsuki’ of kendo. The distance between the center of the target and the hit point of the
shinai was measured before (pre-stage) and after (post-stage) detraining for 2 weeks. The absolute error value
was calculated using the distance measured at the 1st set and the 5th set of each stage (prel, pre2, postl,
and post2). Relative changes to the results in the prel were calculated using each parameter measured in the
pre2, postl, and post2.

The results obtained in this study, showed that relative differences in the absolute error value did not
significantly change between each stage in the mental practice group. However, in the control group, relative
difference increased to a greater extent in post — 1 than in pre2, and relative difference decreased more
significantly in post2 than in pre2.

These results suggested that the effect of short-term practice was maintained by mental practice during
detraining, even if the mentally practiced movement was new for the subjects.

Key words: mental practice, motor learning, kendo
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