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The effect of hot and ice water immersion of the forearm on the recovery
of grip strength after gripping exercise

PR L, P F — *2, B E 7oAl * 13

;"\,_

« 7 — K : water immersion, recovery of grip strength, motor nerve conduction velocity

WA, oM, AR R

(BEE) AL TIRERERD GRS D ONBI LTS REEZMEA L. R 204%25 5
LIZIRAKIBEE, GKISEE, RMBEE, 2 Fu— VBRSO . EEEER, 20 S RIALE 2
TV, LB 30 20 CTHOE RIMIRE, AR (MGS), wABIEERRH (TPS), Mtz (NCV)
W L7, ZORE, MGS & NCV Tl Hikinh & ZURHEAS T ¥ b u— VIR TH RIS %
AL7z2 (p<001). F72, TPSIE, HREGBHN TV bu— VBTN, AERICEMZ AL (p<001).
X o, BEEOFIRIAND 20 5 R OB KT L AR, Z D 30 4B O o EAE 2 $iE 5 2 wEE kA

Mg I N

L ®IC

FHAR—YTIZ, N—7% 14 2R/ KEZ
AT, BEPMTONDIEENE L, TOHORK
BWREDMIED EDHRDINT + —< ¥ AW ET D
ZENS, A GHEPHVLNRTWS, FEIZ,
JEE) 2 | IR R WK &0 5 TR ER PR v
R A G5 2 5 5, WERNEETHL 2 Lh
5, REOMIZHITDN TV A.

T B L O EHNOTGEHI ORI L, D
FA—=IRMHNBEEOBE R & TRl S T
B0, KL, IR A K S R o R
FHIMEELMEDNH L L ENY, Joanna HYIT,
THD N == ZFHBOLEF T HilKEDS,
THROSRER IO T 23 L7z L3 L Tw
5. —7J, GBAREICIIMEE % R S S RAER T
AEBERSEDLMENRD S &SNy h— DR
BEBEOHKBFIZEY, TOBROWH T A —IhF

1R MR FERF B A R — v R e R
*2 RERFRE
3R B RS A R — R HER

460 BAARERKRRA R —VEFSEE

WEINVeoMEbH A, S 51T, IETIEEAK
WK EREISHED EL, MRS X O
BWRERT R Y 7RIS X o TRELZ WA &
BERAB LTI TS,

Lo L, Wt oimm f OB IZ oW,
B DR & AR R I R T B 26
b THGE L 72851 A bz, RFZETIE,
RARZTITO 100 B OFESREB) I X Y 7 372
AR LT, K & @RS RO RRiEG & 17
o T2REORKIET), WARIBIFERERH, HhFER
B EEDZAL S, B FR O IR R0 ) FE
DRI KT T L HO NI TH I 2 HE
L7.

MRROTE

1. W&

BEBRE S e AN 1 20 % CTdh - 72, BiRE
%, WKIGEE (21413 5%), HAKEH (214+09
W), AR EE (222+087%), I bu— Lt
(214%13 %) DABICKS KT DT V¥ AT
7z (') RBFZEIE, HBRE TAZNR LT
LB RE S| OKBERT, g

Vol. 23 No. 3, 2015.



BEESHEOESRBPFHNOBIEICKIETHE

£1 BBREDS A
HE (m) | E ke | 4 (2 | WAl (kg
avba—)VE#E (n=5) 1709+36 700+6.9 214+13 486=*29
WABHE (n=5) 1709=36 706 =6.7 214+13 53.7*6.2
WAKBE (n=5) 1727+34 724 +6.3 214+09 541+5.1
A (n=5) 173.0+30 682+47 222+0.8 505+4.3
(P = B (%)
ﬂ% AN AN AN AN
2255 RGN 02 108 o7 07

1

REXDEE, RAEN.
RAENHIERRD, SRCEREOATE

X 1

504!
o5 40+
A4
~ 30+
& 20

10+ | LR i TR
|I_i'||i|.|n!iui.Ii.ilinIiii'i!=I"ii:i'iii!“illl‘i‘Ii‘i|iIliilii‘lill'i|lli‘lli| }.!”‘i:“ |'I|i‘li|'-i|i|i‘

10 20 30 40 50 60 70 80 90100

o (@

0
i
0
Wi
1 11'”."- ™
LTI |
ok '|‘”JI."‘l'..I“IJI“,I
| Blah I [
T A KPR
T T e

2 BIEEHICH T HEHOHEBOREE]

I EBOBHZ T551247, CHICTHEEZHT
1o 7.

2. Fik

a. EROZ7OM3)
BeBRFCI, WA X 5 EEEE) 2 100 []
fibE7atk, WK, KRS 22IEABEOLE
% 20 WG L, ALE A 30 3R IS TRERIC
SE7e. AREMEL, EBET & EEh R, WLE T,
54r1%, 10 5314, 15404, 30 73 #0FEH 7 [T - 72
(BE1).

b. BAKEHICLS 100 AINOEIEES
ERGEENE, RAZHTITH) boL L, P
IZEEAL T, Fl & Tl & 38 By R i 1 S O Wi
WL RWE D ICHEZE L. #EREICIE, 'R
Ty vF AT b (ISR ZHRKETIT2
PHERS S, 1BMKET2Y) X4 GEH3R) T
OEPEE) % 100 MR CIrbE2 (R 2). &b,

B AHRAR XK — VR

FEOMIL

BHEIT & v F A2 b0 7)) v T,
BB DR ) R WIRICEREE L 7.

c. BIEESHROLESE

EREH R OB L, BB OEE) S 72Hi
Wb Ky, K 2o ERRBE Lz &
K &K, L R AE R KA (T-22LA,
b=~ AR E AR AR 2, KRBT
13 42°C DIRIKIZ 20 23, HKE TIE 10C DEK
(220 3, i RE S e MR TIE, 42T
DK E 10C DBk %E Z L L, K25
WARDNET, WK 10, wKIZ 40 HRES
L1y bEL, 4y MEYVELZ GF
2000, $72, avbuo— Vi LT, EHSE
7RI % Z2 D RREIZ AN, KWLE S L FERO%
BT 20 IR EC S, b, FEELITIINA
WX B BeER L, 25T &b LX) IHR%E
wEL, TEHMY —ELEHETITo 7.

d. AIEHAB

WEEH I, EZEERmRE, KK#EH (Maxi-
mum Grip Strength : MGS), #x K713 E K
(Time to Peak at Strength : TPS), FiiiR {85
(Motor Nerve Conduction Velocity : NCV) T
Holz.

I D B2 ¥ FETTEE 1L, ARIMBBU TR EERT (AD-
5611A, A&D #:#) 2 v CREFHRIEFGAHEO
[F—fEra 3mEH L, ZoFE%EHEH L7

RARET) (MGS) OfllElx, HWEHOEX LI
BRI, IBIETT ¥ v F A M2 TE AR FRL,

Vol. 23 No. 3, 2015. 461



— Y hO—JVE
—gan 1 e
..... Zﬁ7j§2@t%¥
-=- B
35 - T T . I
T
Teess 1
. N I - T T 1
£ 30- ) N I I .
o LN L 1 L _ e
08 1 AN, =T, T
AN .o \ | P - - o q *
W 25 %, . *
Hz< o
i
20 T T T T T T T
BEE &R BEBHR b5 107 15650 307
HITEBSHA

3 BLEICHTZREREREDHS

BREXREBEEESHHICERLA (1:p<0.01). BABEEI FO—ILEICH
BLTEEZRL ($:p<0.01), RBEH S5V ETEEERLE (x+:p<0.01).
AKBESLIUTABEEO FO—IVEICEB U TE@ETRL (#:p<0.01),
MEH 30 DX TEMEERLTVE (*:p<0.05, **:p<0.01).

IS KHRL, 155N Z R O i
EEZE L 7.

R RAR D EEREH (TPS) 1%, BIIFIEMMR L D
B (EJ) 5% 1kg % B2 725 A 5 MGS
WCEALFTTICELAEMZHEE L.

R E (NCV) OflEIcdH 2o Tk, &
RS e (SEN-5201, HASEEALH) 2 v
T, RiEgfEomik () e RW (FE) i
LT, EWErsEnEnEBREEL, MMEst
W O KM EX B (M ¥E) Zicskl7z. EX
WL 72 (1) S & KR (FE) o= riH
A, ZNEFNO MIEDONH LAY FTORR
ATHRTAZLIZED, NCVERHBL.

e. ¥EHLIE

FIREIZLGE & L P E & AR R A TR L
7. BEMERMREEITFERETRL, ZOMOIEEE
LEBIETZ 100% & LCHIXMECR L7z, RE#E
T i B2 VX B i 2 S ML E 2 30 4 £ T &kt at L
OXNGE L. $72, MGS, TPS, NCV 22w\ T
&, FUEZOBBEEAOAEREZHLNIT 572
DI, LB S ALIER 30 70 F T oHr#ip &
L7.

AT IIMEI L Y 7 v =2 7 R ZH W,
L & R 2 SR & L 7z e RS S BT &

462 BAARERKRRA R —VEFESEE

vy, S EILEMEIX Bonferroni %% H L 7.
TB, MEMFNAEEKEIZS% Kiie L7,

S

1. EBEXEAEICOWVWT

P2 REME I & TORIIB VT, EBg Tk
EEHN B L CAFEICEMERL, EALTw
72 (B3). 20k, FE %G L 725 HEOZT
i, MEERZICBWT, a2y ho— Vo 327+
1.2C 1kl L, fKE#IE 345+05TC IC AL,
HEICEEZR L (p<001). /2, av bua—
VERIZHIR LT, wKiRE (238+15T) & &k
(264 1.6C) I3ABITEMEZ R L 72 (p<0.01).
Z D%, LB 5 5 F T, IRKBEEIZa Y bo—
VB L TARIIEEZ R L2 00 (p<
001), 10 7UBETRARELETAON o7,
—7, W5 505 3045 F Tk, 2 ha—
FEICHIR L C, K iE & 2RI I CF IRl
ZRLTWz (p<0.05).

2. xKEH (MGS) (21T

KBTS (MGS) 1%, &L IR, BHE
WWIRT L7 (K4). LiEH 3051281 5 MGS
DOHRIL, HEHICHE B R ERSAON, 2 bu—
WEEIZHER LT, WAKGHEE RGBT, AR

Vol. 23 No. 3, 2015.



24358

|

BEESHEOESRBPFHNOOBEICKRIET

_%\/Kh’[‘]gyvﬁ I
—EKE
1204 weee SAR }#
---XfUB
100
< 80
(9]
=
60 -
40 -
BEA EEE 0 ABE® 59 109 159 304
yilfclise

4 FWEICHTSH MGS DHEIHEDHEE

RERICHEIZHKEHBLIUZABHORKERNE, 2> O—ILEICH

BLUTEEZRLAE (# :p<0.01).

_%\/J(l\vﬁ\]ggﬂ/ﬁ ]#
—EKB
2501 ... ;%j(\;%ﬁ
-=-3UBE
200 -
% /|5O_ ..........E......-:.......-'
w .'..- H E ...‘.."Oﬁco-oo
= 1004 "QT-\-""":‘-L----
l‘/.
50 - 1 1
O T T T T T T T
BEhpr  EER NEE® 57 100 1565 307
RIEBSHA

5 HRBICHTS TPS DMEXHEDH

WERICH T ZAEKEHORKIEHFERHIZ, 3> PO—ILVEICHEL TE

@R 7 (# :p<0.01).

Btz /R LTz (p<001). Tabbh, HAKREH
&R CIILER 30 2BV TH, ZhEh
86.7+11.1%, 859+69% A/~ LTHBY, mKIEH
ETIZEE L T e ho 7z,

3. BRXIENIERE (TPS) (C2WWT

JLiE# 30 412 B1F 5 TPS OHERICOWTIL,
HMICARERERSAON, BAKBH I b
O— VIR, FREICEMEZRL T (p<
001) (B 5). F7=, WARKBETIX, LiEH 30512

AR 2 K — VESRE -

BWTH 1220+611% THo72Z &h s, £FH
<, WLBSEEE, RAEICHEES S ToOlR
FHIRL 2D, MR ESBEYT 2R S h
7z.

4, HIEEERE (NCV) (C2WT

WLiE % 30 2B B NCV oiERe (K16) 12D
WTI, I ¥ bu— VERIZ ARG KRG & R
BECTITABICKMEZ /R L Twz (p<001). $4b
B, BRI EE & AR CULRALE £ 30 4712 B W T

Vol. 23 No. 3, 2015. 463



—BAEEE

— 3y O VB
g
100 -weBKRRE

-3 AAE T T B
100 1
S
>
O
=
80 -
60 T T -l. T T T T
BEE  EEE BB 55 105 155 30 4
AR

6 HFUEICHTS NCV DHEIHEDHRE

WERICHTZEKARBLOXNBHOMREEREE, I FO—ILEIC
U CREZRL 7 (# :p<0.01).

b, EEJHNZHE LT, €hZh 926+96%, 89.8
£89% TH ), MR EHEDEE L TWVDH I &
AIRINTZ.

E

AWFZETIE, fEH 2B 20 42 4RI, %
KEINC X B EREB % 100 1D K L2412,
20 R ORLE GRKE, @K, R &L
7eWREDERIRT], ARIBIIRERER, AR R g
O, S, BB OSALE S ) IO nl1E
W THEIZOWTHET L.

AHFFETAT o 72l K I & % 100 [0l 4258
B, EEERORKIBIZH 50% FTRT 387
s, HMOFIREGREL TIETSES
ZEWTEREVRD (R2). T2, #EBROK
J FE R B ASE B AT B L T 2~3TC LA LT
W2zl MR L ofIGEIC X 2 BGEE,
PR O TOE R ML B OB RS AR E iz o
EEZONL. 51T, FAEIC XD K E R
EDHHZE AL T2 e S, IS LT,
HOLBREDOMGHIE 525 Z EATE /LIS
INb.

RARIBIOZALTIE, WAKEHICE 2285
MR B ahozhs, Gk & SRR TIRE
ZRLTHBY, HIEBEEL T ahrolz AT
72 Cid, EEHRO T RIS 10~15C DHKIZ &
L% 15 pRES 2728 2 A, O NEZ R

HEL7ZE W) HENNLO0H 52", 72, Jutte
SN, KEEEBRTHICX L TT A4 ANy 712X 5%
HE 300 77224, Z0H 12050281
T M HF OMWE & ) Il 2 /R L7z & il
LTWa, DX, GBHEERCHBIZLY,
iR AR RE N DB R e HREMEDSE Z b
5. 2O LrH, KIFFETIT o 2R~ D 20
SEOEAK (10C) T, W 30 750588
L CHMimIENIRETH Y, 2R, Miko
AT A4 v 7 3 AR EE ORI R LTw
722 LS, FEHIBEL o7z —EKTH
5LHEZHN5.

ZAHNT DN TUEY, K &K O L 5573
3:1%2:1 &, WAKBEORHBLS D E WA
DRPREMGEL TV L HEDL V. LaL, EY
A5 f5e 3t 75 22 DIE T BC 7312 D W TR 72
LT ENTV RV, KR TIX, WAREBORERH
DECEZRBE VP EREE OB 2 NE I 7z L
W FESY O & FRRIS, K &SRO
Bz 1:4Tiro7z 72720, FESIPTo72%8
RABLAKB TR 5 720120 L, RHFZETIEE
KETHEDLDLLDTH o7z, FORE, RKIED
MREET 5 EVHEHIIIRENZ 7. 2F D),
AR 30 53 B2 MR EE A3, KT & Bk
WGEBIRT L DV IKEZ R LTz e nd, R
WX KB TR LI BHKRDOBEIKE
, HEEHR Ly E-mErEzons. 72,

464 HAERR X K—VEFRE : Vol. 23 No. 3,2015.



Gregson 571, 8C D% AKIZL % 10 5 DB K
WS, AR O KAHERIC & Y Bk L 2
WA EE72EMELTBY, AL TIT- 2R
BHROMEZHROEEICL Y ks h
T, KRBORKOHMTH 241 &L o4
B LRI E DR TR SRS NLR
Moz LH 5. U EDZ 205, BKIEGH
ERMRBRETIE, WSR2 LIT8Y, K
KIBIORBESHH ST/ EZ O 5.
B DFIEZ, WA S DAL ) i o EH)
Sa—U YHEEL, ZFOEFEAL 2L A DR
MRERHL THIEZ OGN EIEST,
IS AY L W) TR A THE I ENHSN
TW5., RIFFECHlE Lz KR EERE 12,
WA A 7OV APIHIRE I LS T TORFR &,
15 ARSI S % F CORERH % A I FHE L 72
bDOTH5. xS srBETHEL TV
PR, RS, MGERAE L, &
HRZ X > THEBAIME T T2 T LAHHNT
Wb, XoT, AWFRICBIT AEHKBEHN %%
H3 23 TOBBIIBNWT, HOEEL52, &
KIBDELERH 2 BIEZE/-LEZONS.
A 12D W TIE, KBk & 2R %
WCBWGRET 2 HMA7R SNz, i nE s
ISR, LR E O Ew S ER L,
oM pH 232435 2 ik b, Sk
%S 2B B OEERHE LT 32 2 L8
Mo Twb, —J%, Esperanza 59 X V% #
10C D IRIC 15 73 HRIE S &7/ %, W&l
M IEAY 18C KT L, Mk (m B M A 17% %
TLAEHELTBY, AT - 72mKiEDS
X OB OBE 2 MR SGEH O T, %
FXBEBEOAR ST, HEREREDK I
IBHBLEZON. 20X, AT o
726K ERZRIBIZ X o T, WA V3V 2 DAE
FHEMMET L2222k, FERVFHSEHI
sz e s NG, S5I12, HENT X 2
BB A HIGERE O A2 FEIS Y, 2
DOFER, RRIBHEZERMITEBEL/-EEZON
5. F72, IS 0HKEB X ORRIBEROMEE
BREDOMIEA R, HKBHOKTO—HL >
7RSS E Z SN,

Dl Z ehs, KREFIETIT - 72 &8 O% K
WZX D, MR ORI RAVEL, ZOfER
FHL, BOFGT ORI EE & 2 > 72 RS

B AHRAR XK — VR

BEESHEOESRBPFHNOBIEICKIETHE

MBI NIz F72, KWIZETRE L7 KO
LA EWABIIBVTY, HARDEEHE L
BAELTW2Z 05, GKE L RO
bz, L72h 5T, BEREIIBITAN—T%
A LRFKRERIZAT ) R ~O&HNE, #i1%E
A2 T 20l E Z oNhsz. Lal, FEB
D AR =Y B TOBRKFRLMRIE, P57 H1E
DODRRST, TVT 4y as IR ANER L
ZHMELTHITORTED, HEICL > THA
BB HIR S R e 5. F 72, AWFge il 2
SR TSI ORI R % MGl L7223, B TIEF
B2k LT Tl s 2 &3 5.

X 5T, AWIFETH o 285K R 2 DI
R, WG AR LI, B DHERIES
NIZTREVED D 1), SERDBMFADVLETH 5.

oG

FEIREH R ORI T 5 20 /T H O BRI B
X UWAKRB OB T ORWRERB T, £k
30 3 H3HEl L C b I iE S FRAFE L, ks
RHOWE 2T S, i oWl 2 il -§ 5
AR S N7z

X ®

1) Herve, P. et al.: Short term effects of various water
immersions on recovery from exhaustive intermit-
tent exercise. Eur J Appl Physiol 111(7): 1287-1295,
2011.

2) Darryl, J. et al.: Alternating hot and cold water im-
mersion for athlete recovery: a review. Phys Ther
in Sport 5(1): 26-32, 2004.

3) Kenneth, LK. : Cryotherapy in sports injury,
Sports medicine Quarterly (HE—ZR). 7w 7
TA - ILAFT 4, 1997

4) Joanna, V. et al.: Effect of hydrotherapy on the
signs and symptoms of delayed onset muscle sore-
ness. Eur JAppl Physiol 102(4): 447-445, 2008.

5) Antonio, A. et al.: Effects of cold water immersion
on the recovery of physical performance and mus-
cle damage following a one-off soccer match. J
Sports Sci 29(3): 217-225, 2011.

6) BRH % BB 20 . WIAE)E, 1993

7) Jeremy, L et al.: Effect of water immersion meth-
ods on post-exercise recovery from simulated team

sport exercise. ] Sci & Med in Sports 12(3): 417-421,

Vol. 23 No. 3, 2015. 465



R’

2009. sion on limb and cutaneous blood flow at rest. Am J
8) Bailey, D.M. et al.: Influence of cold-water immer- Sports Med 39(4): 1316-1323, 2011.
sion on indices of muscle damage following pro- 13) ARFWIE, WHE IE, KE i3 KHEHERX.
longed intermittent shuttle running. J Sports Sci 25 FIERRFEMR, 2006.
(11): 1163-1170, 2007. 14) HREFIFE ARG ORI Fv 7, 2003
9) Jutte, L.S. et al.: The relationship between intra- 15) Lindstrém, L. et al; Muscular fatigue and action po-
muscular temperature, skin temperature, and adi- tential conduction velocity changes studied with
pose thickness during cryotherapy and rewarm- frequency analysis of EMG signals. ] Electromyogr
ing. Arch Phys Med Rehabil 82(6): 845-850, 2001. 10(4): 341-356, 1970.
10) Wayne, A. et al.: Contrast therapy—a systematic 16) Esperanza, H. et al: Motor and Sensory Nerve Con-
review. Phys Ther Sport 9(3): 148-161, 2008. duction Are Affected Differently by Ice Pack, Ice
1) FEaN, IWARFIFR © 57 2 IR B 5 D3R 259% Massage, and Cold Water Immersion. Phys Ther
57 L7AR I DB B UE§ S5, A6 B30 Rl 2 90(4): 581-591, 2010.
(55): 31-34, 2006.
12) Gregson, W. et al: Influence of cold water immer- (ZfF :20144E 12 H 11 H, =# : 201544 H 20 H)

The effect of hot and ice water immersion of the forearm on the recovery
of grip strength after gripping exercise

Endo, S.*!, Uchiyama, S.*?, Sakuraba, K.***
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Key words: water immersion, recovery of grip strength, motor nerve conduction velocity

(Abstract) The purpose of this study was to examine the effect of hot-, ice- and contrast-water immersion after
gripping exercise. The subjects were twenty healthy men. The exercise was a hundred hand gripping exercises
with maximum effort. Four treatment conditions, namely, immersion of the exercised forearm for 20 min at 42C
(hot-water group: HW, n=5), for 20 min at 10C (ice-water group: IW, n =5), repeatedly 4 times for 1 min at 42C
and 4 min at 10C (contrast-water group: CW, n=5) and for 20 min resting (control group: CON, n =5) were ap-
plied. The skin surface temperature, the maximum value of grip strength, the time to peak at strength and the
motor nerve conduction velocity were measured before and immediately after exercise (before treatment), as well
as immediately, and at 5, 10, 15, and 30 minutes after treatment. The results showed that maximum grip strength
was suppressed in IW and CW. At 30 minutes after treatment, maximum grip strength was recovered completely
in HW and CON, however, less than about 90% was strength was recovered in IW. The time to peak at strength
was increased in IW, and was 32% higher than in CON at 30 minutes after treatment. The motor nerve conduc-
tion velocity also decreased in IW and CW. The motor nerve conduction velocity in IW and CW was 20% lower
than in CON immediately after treatment. These results suggested that 20 min of ice-water immersion and
contrast-water immersion of the forearm suppressed the recovery of grip muscle exertion for 30 min after the
treatment.
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