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ABSTRACT

To elucidate the most effective way to recover from muscle fatigue,
twitch force, maximal voluntary plantar flexion force and EMG
signal during constant force output were measured progressively
before and after experimentally induced fatigue in triceps surae,
Vibratory massage, static stretching and moderate jogging, which
were adopted for the treatments of recover from fatigue, were per-
formed after fatigue at the separate day. Muscle fatigue was induced
by calf raise with one leg.

Maximal voluntary contraction (MVC) returned faster in all three
recover treatments compared with control. Root mean square value
of EMG (RMS) and mean power frequency (MPF) of gastrocnemius
decreased while soleus RMS increased after fatigue, These wvalues

showed little difference among treatments, Maximal twitch contra-
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ction force (Pt), maximal rate of tension development (+dF /dt),

relaxation (-dF /dt), mean contraction speed (Pt /CT) and relaxation
speed (Pt/HRT) decreased after fatigue.
faster in jogging than any other treatment, On the other hand, the

These values returned
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subjects felt that massage was most comfortable and there was little |

symptom of delayed muscle soreness by massage and stretching,
These results suggested that moderate exercise of the whole body,
1, e, jogging was the most effective way to recover the contractile
functions from fatigue while stretching and massage were effective to
muscle injury and mental fatigue, respectively. Thus, moderate ex-

ercise, stretching and massage were all recommended for recover

from fatigue,
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Twitch Force

20N |

100ms

—— before fatigue
---- after fatigue
—— 60min after fatigue
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51 EEHFEINCA-REEBICE 2 SMVC, Pt, +dF/dt, —dF/dt, CT® X U'HRT

MVC Pt +dF,/dt —dF//dt il HRT
(N) (N) (N/s) (N/’s) (ms) (ms)
before fatigue 854+99 | 108.1+24 | 2231+508 | 1252+50 90.6+8 [89.0£15
after fatigue 767+84 84.9+21 | 2017+486 | 1102175 | 84.2+1 | 73.7+10
Control after treat 785+65 90.1+20 | 2023470 | 1055+90 86.0+7 | 82.4%+13

20min after 771+£73 97.1+17 | 2130319 | 1105£95 86.4%5 | 85.6X+10
40min after 775%75 97.7+£18 | 2086+338 | 1112457 86.4+3 | 85.3%k12

before fatigue 868+140 | 108.6+12 | 2213+£403 | 1161120 | 90.2+£8 |[90.9%+13
after fatigue 809122 86.4+2 1995+140 | 102587 |83.7x4 |[75.3%x7
Massage | after treat 843+114 91.6+17 | 2045+442 | 1009+146 [84.2+6 | 81.5+9
20min after 8524131 96.7+18 | 2079475 | 1066+141 [ 86.9%+5 | 81.5%8
40min after 8611153 97.8+£10 | 2104291 | 1115167 |90.0x6 | 81.6%+9

before fatigue 860+147 | 110.1x13 | 2291200 | 1248+277 |94.4+2 | 88.8+8
after fatigue 788+141| 89.9%15 | 2115269 | 1112+179 | 83.0x£1 | 73.9£10
Stretch after treat 824+144 | 88.1x12 | 1992+217 | 10621+216 | 85.4+2 | 78.4+%13
20min after 829+167| 91.0+10 | 2032+135 | 1111182 | 88.3+3 | 79,9%9
40min after 835178 | 97.3+11 | 2114+136 | 1198+218 | 87.9+3 |[84.0+14

before fatigue 890+49 | 108.2+10 | 2292+305 | 1153+266 | 88.2+7 |[95.3£18
after fatigue 80582 88.6+17 | 21184380 | 1074+141 | 81.2+1 |76.7+15
Jogging | after treat 85171 95.6+12 | 2105+338 | 1075+148 | 85.4+6 |85.5+14
20min after 857182 102.3+10 | 2165+£233 | 1140178 | 87.2+3 |[86.7X15
40min after 892+117 | 104.7+7 | 2238+225 | 1187+212 | 87.5+3 | 86.9+16

Values are mean+SD (n=4)

100

95

90

MVC (%)
+dF/dt(%)

80 L - go L
100 100
95 95

90 90

Pt(%)

—dF/dt(%)

85 85

80 80 L

L 1 1 1 J L L 1 L ]

before after after 20min  40min before after after 20min  40min
fatigue fatigue treat after after (O Control fatigue fatigue treat after after

@ Massage
B Stretch
A Jogging

2?2 FEHATOME 100% & L ko MVC, Pt, +dF /dt, -dF /dt OFEEOEREIZE(L

FH v b AR —vEE Vol. 13



100

95

90

CT(%)

85

80

100

95

90

HRT (%)

85

80

=181 —

100

95

Pt/CT (%)

90

85

105

100

95

Pt/HRT (%)

90

g5 L

1 J L 1 1 1 J

before
fatigue

after
fatigue

after
treat

20min

after

after
treat

before
fatigue

40min after 20min  40min
after (O Control fatigue after after
@ Massage
I Stretch

A Jogging

B3 EFRioMZE 100% & LiFo CT, HRT, Pt/CT, Pt/HRT O-EORERHIZE(L

130
115
100
85
70

Soleus(%)

130
115

100
85

Gas-Med (%)

70
130
115

Gas-Lat (%)

v T ONEETH 553,
v b o= EESIWVERDEED S h iz,

110 - MPF

105
100 |-
95 |-

Soleus (%)

90 -
110
105 -
100
95

Gas-Med (%)

90
110
105

9% r

Gas-Lat(%)

before
fatigue

after

fatigue

after
treat

20 min
after

40 min

20min
after

after

40min
after

after
treat

after
fatigue

before
fatigue

4 FEFHIOMEE 100% & LKofilo RMS B X U MPF ORRIZEAL

FH4 v b AX—-vEYE Vol.13

AbVveFrrR3bEna

50% MVC T &R L T 2R OfIED
SRR K SR EEE B RICR 4 1R L



—182—

72. RMSicoW\WTid, kSAHTIEFHICX-
THML, Zo®REDd 565, BEERTRdick
HiZ &k » TETF L 2 DBITICE B A HRD 51
fz. LdL, EfEECE->THT D REMEVR
Fbhonlih ot i, MPF dHHER S
WX DETL, BRiEEE & bicOliEd 2 EmH
Aohtehs, ThbEHEREICK 2—EDMEHMIE
BHohiEh-Tz,

BRE I LRI 25T OB AR A T L
FRER, TRTOHREICBVW Ty ¥ — YDk
BEREALEETPERST, ROHBIREALHN
W ho ot oEZEMNFoN, T/, AXb
Loy F VIRV a ¥y S TREDEFERLHNR
PRSI ba— kD b EOREREVT
L, AbL oy FYITOEBY aF Ik bR
Db -1 EDEANBE D1z,

3. % =&

W ORRIC>W T, Fiiz xR VF—FHOD
78 & AR 7S & OFEFTHOBR NP EZ STV
%, AKBFZRTR, ks X CMmboREEERE O#
EETIE > TOWIRWA, AR TOME LT ES) T
1®y MG HPEECEIMOEITH D,
F) 3= voRBIREI > TWELEEI LN
500, ROEEIEHOFEREEZLS
na,

Pt PUGHIERE TS E DFEFIRSID 5 2 — 5 13,
B2, @3 icRLELIIT, BHICIDKRELE
TLTOR, RITHRICK B E, BEHBLUME
ER I BT, Pt RIHDHEE IFRBE L AD
RS 3 T EDHSMICEhTVWEY R F1i3
bbb, RO XVE—{HAKEIC X 23RS
FEIC X - THHCK®EA & v 0stEind 5 &, b o
R=vofyMafkE A vy o af F v EOFESH
FHESNZM 700, NHRAPET L2, Fivh
KUk A vy o 64 & VED ABPRHEEE & BY
{54 % CT, HRT, +dF/dt, —dF/dt> »EF

T35, IDXIiC, AERTEHES hIcHEHIC
& BUHERES I DIET L, FLERERIC X > THIEIX
#EdiBg (E-C coupling) #PlEs Nz &ick 3
bDLEZHNS.

ABFZETIE 50% MVC 2#iH: LTV B0F, &<
I HEBERE OB D MPF A3 & - TR T3
HERHEED Shi. LT TR, FLEREE LS
MPF O{E T DOFIG & ORICE VBN H 5 T &
PHEPPENTEY, ZORKE LT, IR
EHEIC X 5 motor units @ conduction veloc-
ity ® & F%® 2, motor units ® F& kK O [&] #
LB EATREBENTWVWS, XS, ABE
Mick - TMPF BET$5. i, @i
HDBEEHEOHIZELBOERSRELY,
MPF 0K T FWHDZ L b EIh TV,
TROE, EEHFHENSZ OHTRILROERASE
{, ZOFERMPF B KT T 5. ABAETH,
B EEEORR DR Lickd, b5 2 HL D
WEOZ VIR T ECHLBRPERL, EC
coupling MPHE & W TIHEERENBE T LD T
RV EHEEI NS,

Lidi-T, WITERCEEEE3icilE, <D
AR RES B EDBMETH B, i
KiIcL B &, ARERET SRR, EHRZH
KLTW3L0d, 2HZ2f - LBOEHZT
Bole ABRABREINZ T EBIHSHICINT
WA F b, # LU VEE TR LS
BRI N LD REE, 2RNERHEZTIIL,
LHOFERMKEEEDRBICLTHBL T &
T, FAUBERETZLENTEEEELISN
3. ABEICBOTS, EHRICEVY s ¥V
ZT5ILicky, ABOBRENEZ D, IHY
I A=y DEMEES NI EEZONS.

HBRD X A — VIFE TR, EHICEDEL-
FHEA PV FyITHIE LD IBCT I ER
EfTEbNTVBL, 20123 TLEOMFEE
BMASEIHRRIIE VL, ABERIBRET

F4 v b R HE—VEEE Vol 13



5 LB TERV. 1, Cafarelli 5213
oy —VTROEFD/NT x —< v 2D[EIHI
BIOHEb-LERELTVD, vy ¥ —VIidE
ATl % XK 5@ &b 50, £HOMHEER
EEHTOWIEWIY, ABOREESZOEEL
TVWIEWEEZI OGNS, TOXSREEICKY,
APV FYITRTyY-ITR, YaFVIRE
EIfEER R RIE LTV TRIEVALED
ha, Pllbib~T&zk 5, BHolEEN%R
CHEEESHBIIBY a FY I/ BR&BENTED,
MRmARBROEEMEA RS N

—F, Rty F i<y v — Y FEHE
BILRSEVREBLBODIES S, KPFET
i, ITXNTOWREIBVT, <y +—I%TH
& [F-&p L] &b [KFHHBVV] B E
KEMR, EREEANTIER D LT L ORFEEIG S
NETEND, =yt — VIRV SRR
FiE R R FEMEIZIRD D B b0 L BbN 3,
THbL, 2TRLICLEIIC, =v Y-V
LB OB IC X 2IADH I (MVC) OE/EHs
EbHEP 7D, FAHNLBHRES - /27T
BRRWhEEZONE, F, 2o ¥ —VERML
cEHP 2 BRTREBCHOENREENH
DI te L DREBE P oo EDDL, <y
Y — VIIEBEREOHIEAMNA 2R bH 25D
LEbn 3B,

ELI, Ry FVYIiik-THERKEOH
FHH S WL OWREOREBE P -12L T A
Po, ANV F v REOIHEEESOEIEL D
b, TEEMA2REERLTOTEBELALE
Hhb, deVries’, HALTIL, BHLA MLy
F v Uik o TEREOFHENINA ohi LHE
LTEY, AFFEOHERE—H LTS, LAl
A5, i, High 5%, 2bvyF v 7R3
WAMA 29RBBLOEHELTBY, RbLy
F v 7EOOTIES B, B ENRIDBEEE
DTHERRI LTV BB H 5 EBbN 5,

FH4 v b RE—VEE Vol 13

— 183 —

AMRTE, YVaFrvrick->THOIHEEE
BEVELEEL, <99 —Yick » THEMED
WHEMOBOTHEENIC) 5y 7 R&H”, &5
WAV FYTIRE->THEABIMZI ONBE L
MBHOMER o7z, LT, A= YIFHC
B 2 bRIRIVEEIT OREIELEE, Tho 3
DOLHEEERTITR S L THE EBEbh 5,
TRbDL, PR, REMEES S owchic&
EERITTWED, 7=0V V7 Foviciivw-
VDT, Thd I-o0HEEAE TIRA
HNCITIE D BN D 5 T LRI E e,

¥F & &

Va¥Fvy, e —Y, AbLyFrrod
LW N OREIEIE L & EIRIIZE] S hic
T B, BB L CREROFERET, &KX
DOFEER /16 & O—Ef ) FEER O BN % 54
LR, ITOZ EDHOhER - 12,

1) BAME N, &RIELKE b bo—
WA HARIE DB WE R AR S h 7.

2) —ERNFEERFOMHBEIC > VT, Bk
Fizk b & BHERIc B L TSR EROE T
AL, FEEEE EbiEEL TV, [
BRI K AHELEZIEDONL D o T2,

3) BKHUNAES), UNAECuER ORAREE, F
HEEICOVTR, YaF v ok 3EIEIED
BUOWERDSED Sfchs, <o H—IPR MLy
FrrRavira—LEHFE0ERALNL M
Iz,

4) HREOEBHEITRICOVTE, < v
H—Y, RbLyFrYITERLIERC, EHERD
DR S 1\ & DIEENRE - 12,

PbkozEnd, Bz oboolHEiE%EIE
SEBICR Y aF v IBRLNENTH LD,
Y 7Ly va, $RBTOROEMENL S
BERT, v ¥ —YRRML o Fr I bHbHET
T8 BB H 5 T LIRS NI,



—184—

X s
1) Bouissou, P., Estrade, P. Y. Goubel, F,
Guezennec, C. Y. Serrurier, B. ; Surface

EMG power spectrum and intramuscular pH
in human vastus lateralis muscle during
dynamic exercise, /. Appl. Physiol, 67, 1245
-1249 (1989

2) Cafarelli, E.,, Sim, J., Carolan, B, Liebesman,
J. ; Vibratory massage and short-term rec-
overy from muscular fatigue, Int. J. Sports
Med., 6, 474-478 (1990

3) Close, R. L ; Dynamic properties of mam-
malian skeletal muscles, Physiol, Rev., 52,
129-197 (1972

4) deVries, H. A. ; Electromyographic observa-
tions of the effects of static stretching upon
muscular distress, Res. Quart, 32, 468479
(196D

5) Duchateau, J., Montigny, L., Hainaut, K. ;
Electro-mechanical failures and lactate pro-
duction during fatigue, Fur, J. Appl. Phy-
siol., 56, 287-291 (1987

6) Fitts, R. H. Holloszy, J. 0. , Lactate and
contractile force in frog muscle during dev-
elopment of fatigue and recovery, Am. J.
Physiol., 231, 430-433 (1976)

7) Fuchs, F., Reddy, V., Briggs, F. N. ; The
interaction of cations with the calcium-bind-
ing site of troponin, Biochim. Biophys.
Acta, 221, 407-409 €1970)

8) Gisolfi, C, Robinson, S., Turrell, E. S, ;
Effects of aerobic work performed during
recovery from exhausting work., J. Appl.
Physiol., 21, 17671772 (1966)

9) Hikkinen, K., Komi, P, V, ; Electrom-
yographic and mechanical characteristics of
human skeletal muscle during fatigue under
voluntary and reflex conditions, Elec-
troenceph. Clin. Neurophysiol., 55, 436 - 444
(1983

10) Hermansen, L., Stensvold, I. ; Production
and removal of lactate during exercise in
man, Acta Physiol, Scand., 86,191-201(1972)

11) High, D. M., Howley, E. T, Franks, B. D. ;
The effects of static stretching and warm-
up on prevention of delayed-onset muscle
soreness, Res. Quart. Exer. Sport, 60, 357-
361 (1989

12) Horita, T., Ishiko, T. ; Relationships between
muscle lactate accumulation and surface
EMG activities during isokinetic contra-
ctions in man, Eur, ], Appl. Physiol., 56, 18
-23 (1987

13) Ishida, K., Moritani, T., Itoh K. ; Changes in
voluntary and electrically induced contra-

ctions during strength training and detrain-
ing, Eur. J. Appl. Physiol, 60, 244-248
(19900

14) Komi, P, V. Tesch, P. ; EMG frequency
spectrum, muscle structure, and fatigue
during dynamic contractions in man, Eur,
J. Appl. Physiol, 42, 41-50 (1979)

15) Largo, P, Jones, N. B. ; Effect of motor-
unit firing statistics on E. M. G. spectra,
Med. Biol. Eng. Comput., 15, 648-655 (1977)

16) Lindstrém, L. Magnusson, R., Petersén, 1. ;
Muscular fatigue and action potential con-
duction velocity changes studied with frequ-
ency analysis of EMG signals, Electromyog,
Clin. Neurophysiol., 10, 341-356 (1970)

17 FEEk, AHMER, HOESE, Aty Fr 7
I & B EROAEERI S I BA T 2 BRUEEFEN
fRug, F4+ v b AR—-vEE 8, 212-220
(1986)

18) Moritani, T., Muro, M, Nagata, A. ; In-
tramuscular and surface electromyogram
changes during muscle fatigue, J. Appl.
Physiol., 60, 1179-1185 (1986)

19) Moritani, T, Nagata, A, Muro, M. ; Elec-
tromyographic manifestations of muscular
fatigue, Med. Sci. Sports Exer., 14, 198 -202
(1982)

20) Mortimer, J. T. Magnusson, R., Petersén, I, ;

Conduction velocity in ischemic muscle :
effect on EMG frequency spectrum, Am. J.
Physiol, 219, 1324-1329 (1970)

21) Nakamura, Y. Schwartz, A, ; The influence
of hydrogen ion concentration on calcium
binding and release by skeletal muscle sar-
coplasmic reticulum, J. Gen. Physiol, 59, 22

-32 (1972)
22) Sahlin, K., Edstrém, L., Sjéholm, H., Hultman,
E. ,; Effects of lactate acid accumulation

and ATP decrease on muscle tension and
relaxation, Am. J. Physiol, 240, C121-C 126
(1981)

23) Tesch, P, A., Komi, P. V. Jacobs, L, Karls-
son, J., Viitasalo, J. T. ; Influence of lactate
accumulation of EMG frequency spectrum
during repeated concentric contractions,
Acta Physiol. Scand., 119, 61-67 (1983)

24) Tesch, P., Sjédin, B.,, Karlsson, J. ; Relation-
ship between lactate accumulation, LDH ac-
tivity, LDH isozyme and fibre type distribu-
tion in human skeletal muscle, Acta Physiol.

Scand., 103, 40-46 (1978)

F4 v b ZE— R Vol. 13



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9

