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Muscle force is enhanced when an extra pulse is applied during an electrically evoked muscle
contraction with a constant stimulation frequency (“catchlike property”). To elucidate these
mechanisms, we measured the behaviors of muscle-tendon complex using ultrasound B-mode.
From the results of current study, the enhancement in force induced by an extra pulse is due to
an increase in muscle stiffness in humans.

SR PRERA
(AL : 1)
LR R R R &t

2008 - 1, 400, 000 420, 000 1, 820, 000
2009 - 600, 000 180, 000 780, 000

EE

EE

EE
% Ef 2,000, 000 600, 000 2,600, 000

W8 - (KBS, A A A =7 A, AR
B oSF - ME . BREEFT - BELHT
F—U— R fip - BEEAIK, B B E— %, catch-like property, &M%

1. WFERIA LI DT = W L A A 2 AT O DU I D By & A R B S
PERERITESURIRNEE  (FES ¥8) 1%, FhZEfioitE 5 Z L RINEETH oA R - R
I7FE LRl - HZENRIESRSE, SbIC AR ETH LT, BRI 2 SO B g



\Z5- 25 Z LI X o THIERIZ G 235
LU, EEHEIE Iz, (172 d) ZHEd
HHEOZ ETHY, EEMICHITHINT
W5,
BEERAHFIC L > TRIEIND IO KRKE S
TSR BE O & STk AT D72 % (Burke
1999), &LV ThREERER LR IT L
2B VEAE, BWERMSEENLE L SN
. LLRnns, mSEERTKIC K5
ARG X LIRBNC RO 5 2 <. O F
v, FES {KIX, AdEds, T3 L1, il
B E WO MK T AR I L - TR Y o
TWAT78, FERRHTIE RN 8%, &
KXo T, FES &R SH CHEUICIEHT 5
T2DIIE, SN DOHIEITI Y [R5 % bt
T B2 IR TRV E £, B3
HTHNERELTH) LW —RFETDH
AEBREEIIR L A S LS L 72 T U2 B 720,
T, BRELNZ LT, —EHEETOE
SRR S (T2 o T2—2) ORI A0
THIETT, BELE BRI, HoffE
FanrBigrnh<icgEsnTng., Zo
BB IL TR catchlike property (ELFEH
WHENEREHE) LFFEN TS, 22T
HEHTREX, B AT 5Ri%12E
WCHIEAEE IR —TH DI bbb,
BRI AT INZ X BE I B RK L TZED
FFEHEE SN TWDEENWHIZEThHD. OF
0, Z OHRFNHEIES I RBELR DB T D
X9 RpE R Z — B I OIUE, T 35
LI WVRWHIEBEE I S b 6, B
BRI 572 TEVWHEEL L E

TONREEAREL T 5, EWVWHZLETHD.

HEEE 13 Z OB 2 S HUT FES 5T H
JHE 725 TW D IR T DNEETRE T H 5 &
EHTDIZEST.

2. WO BEBY

(1) HIEATM%Z R S KB4 (catchlike
property) NI L HET H-DO—EMH
R & ERbd 5.

(2) HHEWH B E— FREIEIZ &> THIEA
BRI RBIGE A RO « BEDOTIRE L %
oML, ABFPRREA = LEH G
MWD,

3. WDk

(1) BRI N E 84 & Lz,
%, HIREORLEZ N Z -0, L o—E0Rlg
JEIREC D RIBLIRE A3 e & Zh AN J1 3 BN
THNEETHONIT L7201, KEED
— eI (2. 5~20Hz, 2 FPRE] : CONT) &,
CONT |Z I B AR | 707412 BRI & N 2 7=
CATCH - DR 21T > 7=, [Rl— ORIBLE 3%
Hz31F % CONT & CATCH & D fiD74y (H
FEANFIZ X DI OB - HEFFE) 2RHHL,

HLRE R IR KRB R 25 2 Bl e
—ERE B 2 [FE L7z

(2) WERRE IR AR 10 44 & Uiz, RmisE
JE D TR CTHE XK GH CORIE L 7= B filg

JEW KA FEMEIZ U, CATCH (HEI&HIII%%3E S
HRBIG ZFIH LR ORI ATV, A
AR D K Dxt5efn (TR =8E/) OARIHE
BHERE LN ERESEZ. TR, #BEk2
W& 2 F TR P ARIEE O e e 1 4

30Hz |2 Tt AR Lz, 5D h
5, R &R D A2 55 O B Bh R A A
fkoMEER & L CRHIL 7.

4. WFIERSE

(1) catchlike property Z 5| & Z 3+ FHE
FIUE 2 o E Bl

B 11X, & EMERTKIC X 2 E SR
AR 2BV T, FIMBRAATR | BO 1R I LS
HW A H0 % 7= (CATCH) BEDFHE v 27 O

1004

804

(2]
o

LY (Nm)

N
o

1 2
R (7))

B1. &~—RAHE RS COCAT CHAIKIZ 5175
FLOES DB
Thbd. ZOKEY, 12.5Hz~17. 51z (ZHES)
R OHMERF (catchlike property) 3% L
TWBZ ENRbmb.

X2 1%, 2 BROBESHIIZEBVT, HIE
b 1 B Z I 1T D BRSIBRA IR o S v
DEARE R LTS, 7k, —EMEEI
(CONT) (ZBWTH, CATCH &[F—XREoD
VI DEACREZEELTWS., 2 TREDSY
BT GRS SR X flsAE ) 12k, 15,
17.5, 20Hz TOEXKANIRFIZ, BRI
IZE B hv7 AN (catchlike property)
DEAELTCWDZENRHELMNE T, £
17.5Hz 23, —FHREAE L B hr s o
WINREN BB ERNbrS. —F, i
5 O AR FE X0 ARV R B %k (BHz ~
12.5Hz) TORPEEHTIE, BRI IME1T



Sl ELTYH, —RRR LY OHERBES
b0 (M1 28], #EInin. K
WrgeDFERN S, catchlike property (21,
% @ background & 7¢ % — EHEFERIITR ORI
B EICE#BEEENEFEMEL, FOMEIT
17.5Hz THDHZ LN BN E R oT2.

40+ .
~ 301 O CATCH *
S ® CONT N b
w201
S Iy e
~ 10 ;L L]
N ®
Q0 $
2 b
2 -104 b é

204 * P <0.05 between CONT and CATCH.

50 75 100 125 150 17.5 20.0
FBUE BE (Hz)

B2, —E S R (CONT) S LU CONTIZE HFIM A MULIZFHTISE 2R B LID
Hm=

(2) catchlike property FAHIZKIT 58
HFIHBE— NIEICL D - lBEARDIRS %
WO E &AL

X 31%, WEWBET— REDOLDH - EEE
KORHHENEERT2BREOMER T
b5, KW TIE, AR & EEEEO A RO
A - & 2 B ERRE A O MR RE S LT
BHL L.

B3, #EFBE—NIKICL S TSI ORETEIR OB BHEHMEIZAMG) BT, FR (R £7F LAR
OFERIL (B ENX R (RBK) A, REFEF (FHE)ISHAT, IR (GR) TR ERL, BRA R
TNERABBLTNIOADOAS. COBBMIBEMETHL, BOMRELL

X 41X, 17.5Hz TOEZKMPLHFIZBNT, B
RN I ZAT > 7286 O b v 7 3 L OV
DOHEBOMZEILEZ R LTS, JHEOMHE
BT, HRANA N Lo TR EN, F77,
FIOHRDHMER: L TWAEEIE, F 04Tk
ENLZOEERENDIEMER L (PL
0.05).

B RVERRIUGE O E, SRR T 5 Z &1
ENEMT D ZEEEWT D, 2%, B
E—RENBEREEE LI-5E, BRI
BACHM SN MITIRE S BN EHET
EHORSINE LTI LRSI OBIK - #aFF
WCRESCEBLTWA EWR D, F2, HiD
FEHE « MDD T2 T D A B Stk
X, #5 BEEASIERD AT 4 7 R A (stiffness)
DERZEFEHKRL TS Z L2vd, catchlike

property |%, i « MEEASIRD AT 4 7R AD
HANRRKERERRFTHHLEEZLND.

RN

AN

~

-~

|20Nm
Hﬁ%ﬂﬁﬁm

[Hlmllll ‘.f..! /

e

AR 7 P

S

S

piic)

| ===

‘me

18

B4. 175HzCO— ESEERIBPI, BRRFEMLIBEOMLY (B
BLUBERBE—FLYE 2L Shi-BOMIRE (TB) DA

PLEDORER LY,
(1)  catchlike property i%, ZEufE 7%
BN H Y, ZIT 17.5Hz TH 5.

(2) catchlike property Z&AMFIZIE, &
MARFNZARIE SN FHRIZZR Y,
Fhnfkizncnwsd. LoT,
catchlike property ®FAERX H =X
2iE, B ESKDO AT 4 TR
DOERNKRE AR T+ TH 5.

ZEMHABMNE ST

5. E7pdEIim L
(WFFeFRA . WFIEo 8 M O DT IE48 1
(=S I)

UdEsEsms) BHa k)

@D Katayama K, Yoshitake Y, Watanabe K,
Akima H, Ishida K. Muscle
deoxygenation during sustained and
intermittent isometric exercise in
hypoxia. Medicine & Science in Sports
& Exercise. 2010. FEIfllHr.

@ FHibBix, BE B HEXOREME
EEE D B TSI OV T, R
7 AHAEE RS SEE. 20100 FRlH




®

Shinohara M, Yoshitake Y, Kouzaki M. ;
Alterations 1in synergistic muscle
activation impact fluctuations in net
force. Medicine & Science in Sports &
Exercise. 41(1):191-197. 2009

Yoshitake Y, Masani K, Shinohara M. ;

Laser—detected lateral muscle
displacement is correlated with force
fluctuations during voluntary

contractions in humans. Journal of
Neuroscience Methods. 173(2) :271-278.
2008.

(XEF) GF11F)

)

Yoshitake Y, Shinohara M. Steady
force control in multiple muscle
systems. In: Advances in
Neuromuscular Physiology of Motor
Skills and Muscle Fatigue. Research
Signpost, Ed; Shinohara M. Chapter 7.
127-138. 2010

(3] G214

)

)

6.

B R, S RIMEDHIEBRE IR T S

FEE) & HE R OBGG. %6 11 B A A
ERAEHEER TSRS, VRV T LA,
20094 11 A 7 H, FRAEKF.

B, HRIETRERC BT D %

B & A E X OB, 5 64 81 H ARK
NEFESKRE, 200949 A 19 A, HiE
TR

LI ik

(1) WFFEREE

HE B (YOSHITAKE YASUHIDE)
BREERT: - (K - G

WF7e&% 5 70318822

(3) EEEHF TR
#EJE F&  (SHINOHARA MINORU)

Va—UT TR ST - i

%

WFgeE 5 - 70241213




