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ABSTRACT

The purpose of the present study was to-clarify the effect of post-exercise heat treatment
on eccentric contraction-induced muscle damage and muscle soreness. Seventeen
untrained male subjects (23 £ 2 yrs) volunteered to participate in this study. They were
randomly assigned to a CON (n=9) or a Post-H (n=8) group and were asked to perform
30 repetitions of maximal isokinetic eccentric contractions (ECC) of non-dominant
elbow flexors at angular velocity of 30° -s”! by means of isokinetic dynamometer.
Immediately after ECC, the Post-H group had a microwave hyperthermia treatment
(150W, 20min) to the same arm. Maximal isometric strength, range of motion of elbow
joint, upper arm circumference, serum creatine kinase activity and muscle soreness were
assessed for 4 days after ECC. As the results, there were no differences in the makers
between CON and Post-H groups. It is suggest that the heat treatment on skeletal muscles
immediately after ECC could not suppress an increase of muscle damage and muscle
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%1 Physical characteristics of the subjects

n_ Age (yrs) Height (cm) Weight (kg)
CON 9 22x2 1745+39 66688
Post-H 8§ 23+2 1743+£39  66.7+6.0
CON ; a group without a heat treatment.
Post-H ; a group with a heat treatment immediately after
eccentric contraction.
Values are mean =+ SD.

FEBRONBFRPHAEFHII OV THFNICOEB LS

XETHHL, #RELADP SERSMORES
iRz, b, ARBIERERKEHEERRO
RERTTEBBINL.

1. 2 EBRF¥1>

AR T, MoRMES)E R IR % 0LE %17
b WE (CONEE ; n=9) LiRHNE %17 B
(Post-HAE ; n=8) D2HETiITbhsz (K1).

1. 3 mKXMHREEE (ECC)

AREBRTIE, HEBLUHEGERESEH:
O, ZHEHERFMES)EE (BIODEX
System 3, Biodex Medical Systems, Inc, NY,
USA) ZHWT, HHERE (28 H i AR IS
(ECC) &frb¥r:.

ECC

Plre!Ptlet : :lz :IB_ 1: {Day)
1 o
CON=—"1"T"T""T"-T""1T"
E N * * * *
T + T ¥

¥
Post-H—FW

* oy o= * * * *
t tot ot
Heat treatment

1 Experimental design and time course of the measurements
The subjects performed the exercises with (post-exercise heat
treatment : Post-H) and without (Control condition: CON) heat
treatment by microwave exposure.

* Time points for the measurement of maximal voluntary isometric
contraction, range of motion and upper arm circumference.

T Time point for the measurement of muscle soreness using a
visual analog scale and blood creatine kinase activity.
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2 Changes in maximal isometric strength of the

elbow flexors
CON () ;a group without heat treatment.
Post-H (@) ; a group with heat treatment immediately after
eccentric contraction.
Values are means + SD.
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X3 Changes in range of motion of elbow joint
CON () ;a group without heat treatment.
Post-H (@) ; a group with heat treatment immediately after
eccentric contraction.
Values are means =+ SD.
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4  Changes in upper arm circumference
CON ([OJ) ; a group without heat treatment.
Post-H (@) : a group with heat treatment immediately after
eccentric contraction.
Values are means + SD.
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B15 Changes in blood CK activity
CON () ;a group without heat treatment.
Post-H (@) : a group with heat treatment immediately after
eccentric contraction.
Values are means = SD.

2. 5 H &

62, CON#B & U Post-HEEIZ BT 5 5%
DRI EILZ R L7, BiEIZ ECC%, WHFL
bICHEICHEML7 (P<0.05). Post-HEEATCON
XD EWEEZRL TV, #fEORRZEbICH
HEICEELRZIAON o .

3. F &

AIFEDHMIL, ECCHEOREBIMEHZ DK
OB L UHEBEB LI T 2 LATTE S0 %,
—BERAB L EBREL L TRITAZETH
7z. 30" sl D ABHEE TECC 24T\, FiE & 55%
L7z, ZO#ER, BREULER X CORKERMER
1B L UM CK &3k 4 D %ATIFZE 1S L [F
BRETHY, RFETHWSHEEECCIZL S

74 b AR—UFE Vol. 30



60r

40t

Muscle soreness (mm)

—{1—CON
—&— Post-H

1 1 1 J

Pre 1day 2day 3day 4day
Time (Day)

X6 Changes in muscle soreness
CON () ;a group without heat treatment.
Post-H (@) ; a group with heat treatment immediately after
eccentric contraction.
Values are means =+ SD.

EEEo O b -3, EBREFIVE LTR
WMChotrbEZONL, TLAERIIBVWTIL
A DR IRBALE I X B RO EH S HSP
DFE A EREWICIIHERL TW 20w, ke 0k
THFETIRFE 7O ba— Vi X o THIE?H
41 CREEFTCLERL, HSPHFHFEINLZ L %
MERLTBYE, HROFES L CIRBLED

T2 =N ERYULEDIDTHoe BN,

LdL, FLaryFsya= sy LTRBAE
AT A, WiEE T EIRS€ D AR
BENIAN 8 KRfFgEIZ BT ECCEK DR
CBILEL, RS X UHEHEORE T AEICYE
THMRRBE NS, AEOKIETHT S
HERIEL Rk T,

EHITK LT, +LEEIE S Nk 728
HZBHT 2 2 LB LVA, —D0WEERE L
T, ECClLEL > THEINZHSPIZLAA ML

AMHEOBBIZLIZEENEITLNL.,

Theodorakis 23 (%, #ifaix—FE HSPA HE X h
TAMVAZXBiEZHRSE, ROX MLV AR
|Z13 HSP70 mRNA D5 A A L THSP D%
PHH I N L EREL TS, T MIB
WTd, Thompson 524 1X, ECC#IZHSC /

F v b AR=YEE Vol. 30

= 67 —

HSP70 451064 %, HSP277%5234 % & &L < 30
L7zZ L& L7745, 2 H D ECCH#IZ HSP27
BLUHSPIOOHEBALEE L L THEICK
TFLTWwAZEEdRELL., —h, M 7%
R BBnETIE, v FAMES @ HSPT2 3
L UYHSP27 52 NENHT0 % B & US40 % DHEXR
LPABBEIRTWRWID, Lzds T, A%
DEHIZECCHEHZIZGAON/IRBMA ML AE
DHDIZL 5 HSPHEDMPIZECCIZL o TFE
BINLRRLERTENRIEIEREL IR, &K
BFFE TILIRBALE ORI R A R 7 ST REMEA
HhH, FRIEI1EDOHRDRMUGE /21T TIE%R L,
1 HEUREICHIRBLEZ RV RELITILEDH
EOBRHPLETH L0 Lhkw,

LIAT, BAGRITHEY 12T, EhEz
xF U CIRELE % MoRVEEEN £ 1217V, IREVLE
EHEOIHNT L CoRRIT 2 WA, HiEEo
FEEO—ERI3 LT, BER/NSVIMERT 54D
BB AWM ERLTWA, 72, Lavender 9
X, HEBHE, SHERI D S WEOECCHE
OB T HEIIEL T LT VT & 2R
LTWh., E5ICAMLACKHT S HSPHEBIE
i & D S HEEETHINT 5 iEMIRE S
Twa B, L2zdoT, AMEOEBRETH S
EEBMIZECCIZL Y X b L AKX 5504
AREQHEBLTWZ0IC, F0%DRIILE
2 X5 EEREDRRAVNS Y, Bk
b Lithw, $42bb 220D EEMEL LT
X, ERIZX DA ML AT BIRPIEOERD
EODHHABO NP RIEEE G XTI 0b
L, 512, RIFROHERE BRI %L
VAV AML—=2 0 T3 T o T dr o 7208,
HEEBIN R EFEE R > TV AEETHo 2. F
D7z, ECCIZ & L HHiiaH I 5 I0E 2" b L
—Z U7k o THHI SN2 Rk AT B
B & 2 LB HEERE T TICHORER
REBEEL W0, RELEBODHEELEDS



— 68 —

N dro TR SH 5.
3oHOHEEE LTIk, KFZ T - /- iRl

& CIZ /AT OMFTAHEIM L 7% o 72 GetED D 5.

BB EZ T HTRMRENADAI NS T AL F D
LT Y, ZhAHMBEEGTO b ) F— L
HHZEAREERTVWAI, FLTHAET
D—EEZ 25T sBEIEEOREST
TR, ZRCECAIHMES v 737 HORY
e PHELBEEZLNTVAS, REME
BROMK*HMSETT 7/ ¥ Y EHBOES
AR L, SRS BB ORGREE
BFEOEIEICER L, flashghoh vy o aA
F v OBFELREL THEED S OEE L RET
HEREMATRIE SN TWAEY, LaL, KiFET
FIRBILE I X AREOREZRO SNe o1
6, KIFFEOIRBMNE D EILRT O MK
T A12E+55T% <, MRsETRor vy
LA T Y OBRETSICHER LR Do 7o REMED
H5. SRIBZEINBEOREZEL TR LEOR
HOLLELLZHd LAk,

LZAT, EBERICHERT FASELILIC
£ oT, FECHHOBELS ZADIE, T4
bbb RIETHESE, TRNICHEBELZEBLSE
TLE ) T BRAE S L Leds, K
D ECCEHRDRBMEIZL > T, D%
B - iR oREOMEMEMAS 2 Rk d
oz, Lizds-> T, EEIEZORBN 2ROk
ARIRERICELELRIZTIOTEEZVDHO
FEZLONBED, TOFRIIOVTIRAEFHLR
L ETHAH. FBBMNEBIZLBEEND
5EIICRZAIEEDDHY, SHIBMAEDKE
Pol:llhb, HREHZES LR Z1T-
TWLEEDEH B0 Lk,

4. ¥

&b

ECCHEBICHICE L - BBLE L, BROR
HOREZPIFIES, RGO OEE % {LE S

WAL VT LATRIR ST,
=

K% BT THICHA D, HRKEPREBRD
F LMHEEANAERERS T P AR — YRR
P FICE CHALE L EFES. F, AERC
HERE L LTHRSBIMLTHEE T LAHAILLE
DEfLEH L BT,

X W

1)  Armstrong, R.B., Warren, G.L., and Warren, J.A.:
Mechanisms of exercise-induced muscle fibre injury.
Sports Med., 12, 184-207 (1991)

2) Clarkson, P.M. and Hubal, M.J.: Exercise-induced
muscle damage in humans. Am. J. Phys. Med.
Rehabil., 81, $52-69 (2002)

3) Clarkson, P.M., Nosaka, K., and Braun, B.: Muscle
function after exercise-induced muscle damage and
rapid adaptation. Med. Sci. Sports. Exerc., 24, 512-
520 (1992)

4)  Clarkson, P.M., and Tremblay, 1.: Exercise-induced
muscle damage, repair, and adaptation in humans. J.
Appl. Physiol., 65, 1-6 (1988)

5) Connolly, D.A., Sayers, S.P., and McHugh, M.P.:
Treatment and prevention of delayed onset muscle
soreness. J. Strength. Cond. Res., 17, 197-208 (2003)

6) Giombini, A., Giovannini, V., Di Cesare, A., Pacetti,
P., Ichinoseki-Sekine, N., Shiraishi, M., Naito, H.,
Maffulli, N.: Hyperthermia induced by microwave
diathermy in the management of muscle and tendon
injuries. Br. Med. Buil., 83, 379-396 (2007)

7) MIHZEE, MR BERENC Ty I 2%
WGIET 70— F, SETH 30, 657-687, k[EEH T
hiEE, 5 (2002)

8) Ichinoseki-Sekine, N., Naito, H., Saga, N., Ogura,
Y., Shiraishi, M., Giombini A., Giovannini V.,
Katamoto, S.: Effects of microwave hyperthermia at
two different frequencies (434 and 2450 MHz) on
human muscle temperature. J. Sports Sci. Med., 7,
191-193 (2008)

9) Lavender, A.P., Nosaka. K.: Responses of old men
to repeated bouts of eccentric exercise of the elbow
flexors in comparison with young men. Eur. J. Appl.

FH 2 b AR—UEZ Vol. 30



10)

11)

12)

13)

14)

15)

16)

17)

18)

Physiol., 97, 619-626 (2006)

Madden, L.A., Sandstrom, M.E., Lovell, R.J.,
McNaughton, L.: Inducible heat shock protein 70
and its role in preconditioning and exercise. Amino.
Acids., 34:511-516 (2008)

Maglara, A.A., Vasilaki, A., Jackson, M. J.,
McAurdle, A.: Damage to developing mouse skeletal
muscle myotubes in culture: protective effect of heat
shock proteins. J. Physiol., 548, 837-846 (2003)
McHugh, M.P.:
understanding of the repeated bout effect: the

Recent advances in the

protective effect against muscle damage from a
single bout of eccentric exercise. Scand. J. Med. Sci.
Sports., 13, 88-97 (2003)

PEEA L ML NV TDA b L AGE—A L
A5 Ry BOREB L. IR, 53, 455-
460 (2004)

ML, /INEHE . AR—YEA ML AEBEYE.

AR EL, 137, 117-123 (2006)

Nosaka, K., Muthalib, M., Lavender, A., Laursen,
P.B.:
preconditioning with muscle hyperthermia 1-day

Attenuation of muscle damage by

prior to eccentric exercise. Eur. J. Appl. Physiol., 99,
183-192 (2007)

Nosaka, K., Sakamoto, K., Newton, M., Sacco, P.:
Influence of Pre-Exercise Muscle Temperature on
Responses to Eccentric Exercise. J. Athl. Train., 39,
132-137 (2004)

Ogura, Y., Naito, H., Tsurukawa, T., Ichinoseki-
Sekine, N., Saga, N., Sugiura, T, Katamoto, S.:
Microwave hyperthermia treatment increases heat
shock proteins in human skeletal muscle. Br. J.
Sports Med., 41, 453-455 (2007)

Saga, N., Katamoto, S., Naito, H.: Effect of heat

FH v b AR—-UEE Vol. 30

19)

20)

21)

22)

23)

24)

25)

preconditioning by microwave hyperthermia on
human skeletal muscle after eccentric exercise. J.
Sports Sci. Med., 7, 176-183 (2008)

RN, MEHE, BRETF, NEBAL, BX
HR © R O MRV ) 14 O IR R AL B A
W - IR ORI RIT TR, ERER
BhikEocse, 23,70-76 (2008)

Sekins, K.M., Lehmann, J.F., Esselman, P.,
Dundore, D., Emery, A.F., deLateur, B.J., Nelp,
W.B.: Local muscle blood flow and temperature
responses to 915MHz diathermy as simultaneously
measured and numerically predicted. Arch. Phys.
Med. Rehabil., 85, 1-7 (1984)

ZER, REBL, NEAL HEE»S 0N
BE e viRzuse. FF RS, 53, 714-719
(2006)

Symons, B. T., Clasey, J. L., Gater, D. R., Yates, J.
W.: Effects of deep heat as a preventative
mechanism on delayed onset muscle soreness. J.
Strength. Cond. Res., 18, 155-161 (2004)
Theodorakis, N. G., Drujan, D., De. Maio, A.:
Thermotolerant cells show an attenuated expression
of Hsp70 after heat shock. J. Biol. Chem., 274,
12081-12086 (1999)

Thompson, H.S., Clarkson, P.M., Scordilis, S.P.:

- The repeated bout effect and heat shock proteins:

intramuscular HSP27 and HSP70 expression
following two bouts of eccentric exercise in humans.
Acta. Physiol. Scand., 174, 47-56 (2002)

Warren, G.L., Ingalls, C.P., Lowe, D.A., Armstrong,
R.B.: What mechanisms contribute to the strength
loss that occurs during and in the recovery from
skeletal muscle injury? J. Orthop. Sports Phys.
Ther., 32, 58-64 (2002)



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

