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The effects of skin cooling on the rate of force development during
low intensity isometric contraction

Wt T LR
#é"_. )/@?: 1: ****, F%

TIEEE
L2

o B ORT RN BT

—H kkok

Z *****7 *{L’\\ j_( 4-'%_‘ H)q *

Yuko NAITO®, Masae YONA®, Ryota SHIMOSE"™, Chigaya TADANO™

Hitoshi SUGAWARA™,

RS DR L 22\ 720 OSBRI IIZ B IR
KE % ED B 7200 Th L BRBIICH ) % 54
THRENER D) CLHPEETH L, Bz Bl
NG ¥ AR RFFT 5 7291213 200ms DL
OB IS L 2 b, ZOEFMT
M E I 288 LT U383 (rate of
force development : RFD) 7% %, RFD i3k
SERWUH T TOIL EAY 0L ZRTIHET
HY mKRERWEM A2 5E T TICE LR T
BRLCRDZLY, CoM&z#A L 5
D E LD THPEFEDRED (earlyRFD) 3%
PERT A 7, FRAERR I, A R TR,
FTHEINDH, FRITHRRINT OREIIK E
Wy EiE OBk & KT A K
&)t LARFDOHE LBV IPHEEL TV
5o L2L, BETH FL—=U 7% iknd %
ZLTRFDZAMFTELZ LA LN TV S,
OO L —= v T OAMIZIEDH B REDER
JEHAER &N, KEED P L —= ZIZRFD %
UFELEVWEOHEDLH D, LA L, HaE il
WIEE B R S5 Z LT BRI L ek
WHAHIENL) AZIEE V. Lz2o T, %4

Hiroyuki SEKI™* and Takaaki MATSUMOTO®

PEICE & 2 & < 7 O XIKHREE C b S S B HLAL 2
BHXELZEDTEDL ML —o v 7 HEOEA
WEFE L,

EH T OB~ SR E IR 5 2 LT,
FIEENIIEM T 5 2 L BMOENT WA, UL
JE R D ORI L BN L= 2 — 1
YENMNLIza-MNs D% ¥ F 7 AP A1 &
HERP BT L LN E N TWA?, Shimose
et al® (KR DU BE A7 (2 R R 4 0 i & C R
RGO RFD ZME L T b, [KH
WHIZ I Z 5 2 & TRRFHHIED S
5725 RFDIIEMELZR L7z FFIC. M) stiE
BRGS0 & 50ms F TSI I B v TH TN
12X % RFD OZALIZEAE TH - 720 FRFIZHIE
L 72f5i0 80 b 216 5 2 & 2 S @i st B
T4 7xEO, REDZIMSE-¢E 26N 5%,
HeD ML —= V7 FEiRE 01X 30-40% T
Hbo ZOMEIIBVTHRFDOBMASE Y
9 % D 1 A 0 55 N A U B TRGE L
72O THIET 5,

RN TY (BS54, KE24) 24

* R F S (Faculty of Physical Education, Kokushikan University)

* fEHERA K% (Health Science University)
= FOIRKAEE A (Medical school, Toho University)

= WU RS (Department of Physical Technology, Tokyo University of Technology)

Wik K% (Niigata University of Management)



-120-

E L7z HBRERMEIFER 213210, FE
1730=11.6cm. AHE 64.3+152kg Th > 72, Pk
FRIEBAMETHo 7z BRH DO
AREBO AR RE IOV T %3l % 17
W, EEBRBIMOFRE L 14572,

FEER TR (A LA LD | AREEEE % 2
BZVCy Wb &2~V N Tl E A ISR E L7,
FE R R N e Y ¢ D e T Al BN 3 < S
1O E L7z 1O, #EEITFATHICOR
MOREE &0 %056, 2K M ORKNIE M) FE
Z2WATEM L 720 2FATH OB AN % iR KBEEIXL
##5 (maximal voluntary contraction ; MVC) & L
T2o ZOH%. THHIREEZRATINMVC D]
TR RN EB) 2 3SR IAT - 720 B @RI
FWIER Cd 5 PR FHT LISy e
CHETHZ, KRN 25~26 BEZ 7 - 72D % A
AL THIT S 72, F—8BE I L, R#RITE
HHELTEBLZbDZa Yy br—L & Lz,
BB, BTIZT V¥ AIER L 720 SR
WD T — Z 13 & FWMIEFH TH 5 LI D
EKMMHERZ LG L7z, HiITEIE» AN
7T =% % 1kHz DY ¥ 7)) ¥ Z SR CHIE
FCEk - ATV 7 b (LabChart7 : ADinstruments)
W CRLER L7z KM BRI b =5, o b i A7

40 4

w
o
——

RFD(kg/s)
S

gk - B2 - THR - REF-BR B - RE

A5 BABFHE IS CTEN L2, MERIZA-DE
¥12% (Power Lab : ADinstruments) %L T,
IkHz D% > 7)) ¥ ZFREEECHIERLE - iy 7
MITREER L 720 FEBRTIIIWMATT L IZEREL 72
17— % B LOHER T — & OFIl % £ 05
FHofie Lz Mii5i= (RFD) 1340%MVC
WZENET 2 TOMIERA ROz, S 512,
P RFD 7 40%MVC D502 E2)E S 5  TOf
TIPSR L7z W5EHE= (RFD) 26T
W I O FIIRIENE  (root mean square |
rmsEMG) @ 8 @il o 52 2120 v T IS
DHbHt METHE L. F72. RFD & #iG#)
& OB HIL Pearson ODFEFEAMHBIREZ HH L THR
U720 BEHENTIZ D 7 VR V. AEK
HE 5% & L7,

WERE DO MVCIE20.7 £4.3kg TH o 720 40
%MVCIZa vy ba— )L Tix969=234kg, %
Gl Cl13933x244kg TH V. I DENIIHA
%572,

40 %MV C @ ff; J1 56 K @ RED & #) ] RED
(half of 40%MVC) O} JEHRIBIC L %88 %
FigliZmde Wb ar ba—)Lb & A THEH
WhBEmz %2 L cRfixRL7z (RFD:p=
0.027. WIIRFD : p=0011), & 512, KE Y7

half of 40%MVC

40%MVC

Fig.1. Rate of force development (RFD) at 40%MVC and early RFD at half of 40%MVC with skin cooling (SC) or
without (CON). Values are presented as mean and standard error. Open bars represent CON and hatched
bars represent SC. * : p=0.027 vs Con at RFD, and p=0.011 vs Con at half of 40%MVC.
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Fig.2. The root mean square of electromyography (rmsEMG) of biceps brachii with skin cooling (SC) or without
(CON). Values are presented as mean and standard error. Open bars represent CON and hatched bars
represent SC. p=0.147 vs CON at 40%MVC, and p=0.063 vs CON at half of 40%MVC.
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Fig.3. The relationship between ratio of skin cooling (SC) or without it (CON) in rmsEMG of biceps brachii and

RFD at half of 40%MVC (A) or at 40%MVC (B).
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