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ABSTRACT

Eight male subjects were examined to determine the physiological effects
of static stretching upon muscle soreness which was induced experimentally
by heel rases (10rep., 10sets) with a 70% MVC equivalent weight
attached on an universal shoulder press equipment. Electrophysiological
parameters, e.g., maximal mass action potential (M-wave), H-wave, and
H/M ratio for determination of alpha motoneuron’s excitability were
measured during standing rest (control), 24hr post experimental fatigue,
and immediate post static stretching by means of computer-aided EMG
analyses. The posterior tibial nerve was electrically stimulated for this
purpose. In some cases, changes in the resting EMG’s up to 48hr post
experimental fatigue were subjected to frequency power spectral analysis

so as to determine the degree of muscle fatigue and resting action



potential amplitude. = Results demonstrated that 1) the static stretching
(3sets of 20sec duration)brought about a statistically significant reduction
in the H/M ratio of the experimental leg, 2) the experimentally induced
muscle soreness was associated with a higher resting action potential
amplitude and a lower mean power frequency, suggesting the existence
of some degree of muscle spasm and a possible synchronization of tonic
motoneurons, and 3) the static stretching showed quite noticable effects
of restoring these electrophysiological parameters back to the control level.
These results are entirely consistent with earlier studies and further suggest
that the inverse myotatic reﬂex (Ib inhibition), which originates in the

Golgi tendon organs, may be the basis for the relief of muscle soreness
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by static stretching.
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Comment : Soreness study  Date : 10/12/°86
Peak force : 64.1N
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®3 Evoked potentials and muscle twitches recorded before and after the onset of muscle soreness.
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the experimental treatment (control vs.
static stretching).
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B5 Changes in the resting EMG frequency power spectra during
the development of muscle soreness and after stretching.

BEZMEE D ABEL DREICL > THLRICZX
LT 5 2512,18,20,8
choo@Eickhid, & ICIEBEE DR
BT BEEO M connective tissue {47
BOIA DB MEI NG A -V 220, HREOHER
RFICEBEMHELTNE. BEDNA AT ¥ —
DOEEIP T, BED eccentric JHE AL S
B I AR OREERIR, REBEDOL » -V
BEMBIERCEIN, DL TRMF~NDZ VT F
v&F—+¥ (CK) BHiIcE X 32 EBEHINT
N5,
AEEBTR, 70 MVC BT 2 EEANEE
LI EBOEMIC & D RRINITEIEMETHE = FH 3%
L7chDT,5aRD & 5 IREABTIRET eccentric
D BEIC b 5 BA DD TH U o T2 &
HETES. TWA, HRENERLU/CERE

i I3 BRI 4L 712 & B mechanical trauma Tk
184, ZOMOEEFNERICE > TRT »72H]
HEEMERICENENELONS. & L fHE 48
mechanical trauma THNIT, FEHL 72 § R
Py F U IRBICHEROBREICAY, BB
{bd 2FREMDSRN I T THS. L, #ERE
DOBHA b Ly F VI RICHREMOREIZL
{, BLAR MLy F VI BOBORRBRERE
TEEREZLRD ONIC.

DT &IZ, 19664FiC deVries HSHRIE L7z 5%
@ Spasm Theory 2% 4260 T, BREMGE
RAENSEBRICR SN2 /A tonic MU
OspasmiCBH T 3 LEZLLNTNE. T O
2XF T 5 AEFENEMRI, 1)REOESKIC
BOTHEEGICEA SO ischemia (R ZIR
BEEYE 759, i) ischemia 27557 4 +=



— 218 —

v “P substance” 1Tk, WhHZE REIES
B i) FACRRT A F O tonic MU D7
&) (spasm) 7% ischemia ZJEHEIEBLEITET
b5

deVries{3—EOW RSP icBINT, R L
v F VI BREHMOGE (shin-split type) #3F
Z T HkE O R HF EMG B8 Z A RICET
IHZHFEED, 2Py FVIICXEHEDEM
3 EMG RIBM DD EEOEED S 5 525
PIELTNA.

AREBRICBNT, BHR Ly F v BN
i b HEIC Experimental leg © H/M $#EIEH %A
BETIHZEABHSHLICIE 72D, TNEDFEE
R BMaE 8 =2 —o ¥ O B & E 3
tonic MU® spasm B ETEE - THD, R bV
v F v I OEEFHZHER L UL TOHE P spasm O
BB EE e EE = - —n YEEEDOER/LICHE
RLTHW2ENEESNS. |

H/M RIBHLOZE/MICE LTI, ERPOESR
Edt, HBEROBEILE THEESZ T Ik
WEREZONBH, ERPICED 5 EHRET
HREIN L MR KIRIEED test-retest F AN
Control leg T r=0.992, Experimental leg T
r=0.995 THO, IBHOMETF—Z—ITEL
T (Pre vs Post) M2 0.25+0.79mV
ThdTEps, LROTEREZD 2EE, TL
TEBHEEAONS. _

zhwz, H/M RKEEOA MV Yy FYIRO
ELZHEOBETEFICE » TR BHHI 1
350THY, chiZFa g = —n YEHE
BEOETEERTI2bDTHS EEETES.

Ioic, B3I EMHTRLILKDIC, EHED
EMGIRIEMEDS Fifakeic B ICHEmML, X vy
FUIRE-T, HAEENET S EVWIHER
deVries OETHIZE™ Z2XHTEHEDTHD,
BB AR T — A7 b UVHMERE BEEK S
WIT (REL) U, €—2{tT59 52 L3HK

WX A tonic % MU’s @ spasm I 78S FHAL
PR TRET 2 6DTH 5. T IHERGNE
Hepk  (peak force, dF/dt, relaxation dF/dt,
ete) Otz E—C coupling, & £ i Ca™tDik
H, BGAARER S L > TREBEZFPTLY,
IR I TS S BEBRY ischemia (HTJO#EINT b
o=y Catt g 2 Mk O ET P H/ME
o Catt FHE T S NFE L o
5.

AFFICB TR > B TDOR b v
y F v 7 OEFENEE, LA H/M RIER
DIETF, HHEFHREESECIELE—C cou-
pling &1 HEHEEOEERBHL ~VTO
FER X BTHESKREL, APV y F VIR
PETE 5 F I REEE T O A T Golgi Tendon Organ
(G.T.000 I MEILEFL, B TaEHE LT
LEMaEE = 2 —n VEBEELET, EEMLE
IR THS LHERINS. FE, HEXH I
tonic 2 motor units: OEEBEICENERIED
p®, G.T. O. ;o ozROE Iy inhibition ZhHE
25 tonic MU’s Z2ALTHRCY, 21w L
KHFFEOBETEED R d 7 6 3N 3 BEHIC
Sl EBLONS.

BEECE 0 AR Vv y F v 7 OEBEYN
FhHE AT 2o 0ic, WREICERNICGERME
TR AW EBEEEI Y, ZORDOESR
RS 5 A — 8 — BRI, S L. T
ORE, HRBICS O TEHEHREREDHEN,
SEAERE M OB AED b1, D spasm &
tonicAEE) = = — 1 YO FERB LD Al gk s
RBI .

XHIT, B MLy F VB RROBSAEE
g5 A — & — % control U _RVITH BTEE, [B]
HEEEZ T LOMEMNCSFRI Experimental
leg DH/MIRIELZBL SEZ C &R EICLD,



RO R b Ly F v OEEERIZHRIT, HE
VARWVTER LT 2 TREESKEL, TOBF
& LT Golgi Tendon Organs @ I Elic L 2
mE LB aEg = — o VEEFOET,
HWAICD 5 AR I N,

D

2)

3)

4)

5)

6)

)

8)

9)

10)

11)

12)

X B
Armstrong, R.B.; Mechanisms of exercise-
induced delayed onset of muscular soreness,
Med. Sci. Sport. Exer., 16 : 520—538 (1984)
Asmussen, E.; Observations on experimental
muscular soreness, Acta Rheumatol. Scand.,
2:109—116 (1956)
Bishop, B., Hoffmann, H., Wallis, I, and
Shindell, D.; Effects of increased ambient
pressure and nitrogen on man’s monosynaptic
reflexes, J. Appl. Physiol., 38 : 86—90 (1975)
Close, R.I.; Dynamic properties of mammalian
skeletal muscles, Physiol. Rev., 52 : 129-—197

(1972)
deVries, H.A.; Electromyographic observations
of the effects of static stretching upon muscular
distress, Res. Quart., 32 : 468—479 (1961)
deVries, H.A.; Prevention of muscular distress
after exercise, Res. Quart., 32 : 177—185(1961)
deVries, H.A.; Quantitative electromyographic
investigation of the spasm theory for muscle
pain, Am. J.. Phys. Med., 45 : 119—134 (1966)
deVries, H.A., Wiswell, R.A., Bulbulian, R., and
Moritani, T.; Tranquilizer effect of exercise,
Am. J. Phys. Med., 60 : 57—66 (1981)
Eke-Okoro, S.T.; The H-reflex studied in the
presence of alcohol, aspirin, caffeine, force, and
fatigue. E.M.G. Clin. Neurophysiol., 22 : 579—
589 (1982)
Fridén, J., Sjostréom, M., and Ekblom, B.; A
morphological study of delayed muscular
soreness, Experimentia, 15 : 506—507 (1981)
Fridén, J., Sjostrom, M., and Ekblom, B.;
Myofibrillar damage following intense eccentric
exercise in man. Int. J. Sport. Med., 4 : 170—
176 (1983)
Jones, D.A., Newham, D.J., Round, J.M., and
Tolfree, S.E.J.; Experimental human muscle

damage: morphological changes in relation to

13)

14)

15)

16)

17)

18)

19)

20)

21)

— 219—

other indicies of damage. J. Physiol., 375 : 435
—448 (1986)
Komi, P.V.,, and Buskirk, E.R.; Measurement
of eccentric and concentric conditioning on
tension and electrical activity of human
muscle, Ergonomics, 15 : 417—434 (1972)
Mecllwain, J.S., and Hayes, K.C.; Dynamic
properties of human motor units in the
Hoffmann-reflex and M response, Am. J. Phys.
Med., 56 : 704—710 (1977)
Moritani, T., Berry, M., Bacharach, D., and
Nakamura, E.; Gas exchange parameters,
maximal blood flow and electromechanical
properties of the plantar flexor muscles, Eur.
J. Appl. Physiol., 56 : 30—37 (1987)
Moritani, T., Muro, M., and Kijima, A.;
Elecromechanical changes during electrically
induced and maximal voluntary contractions:
Electrophysiological responses of different
muscle fiber types during stimulated contract-
ions, Exp. Neurol., 88 : 471—483 (1985)
Moritani, T., Muro, M., Kijima, A., Gaffney,
F.A., and Persons, D.; Electromechanical
changes during electrically induced and
maximal voluntary contractions: Surface and
intramuscular EMG responses during sustained
maximal voluntary contractions, Exp. Neurol.,
88 : 484—499 (1985)
Moritani, T., Nagata, A., and Muro, M.;
Electromyographic manifestations of muscle
fatigue, Med. Sci. Sport. Exer., 14 : 198—202
(1982)
Moritani, T., Nagata, A., and Muro, M.;
Intramuscular and surface electromyogram
changes during muscle fatigue, J. Appl.
Physiol., 60 : 1179—1185 (1986)
Nakamura, Y.,and Schwartz, A.; The influence
of hydrogen ion concentration on calcium
binding and release by skeletal muscle
sarcoplasmic reticulum, J. Gen. Physiol., 59 :
22—32 (1972)
Newham, D.J., Jones, D.A., Tolfree, S.E.J., and
Edwards, R.H.T.; Skeletal muscle damage: a
study of isotope uptake, enzyme efflux and
pain after stepping, Eur. J. Appl. Physiol., 55
:106—112 (1986)



— 220 —

22) Newham, D.J., Mills, K.R., Quigley, B.M,, activity, Am. Heart J., 90 : 84—92 (1975)
and Edwards, R.H.T.; Pain and fatigue after 24) Rohter, F.D., and Hyman, C.; Blood flow in
concentric and eccentric muscle contractions, arm and finger during muscle contraction and
Clin. Sci., 64 : 55—62 (1983) joint position changes, J. Appl. Physiol., 17 :

23) Rodbard, S.; Pain associated with muscular 819—823 (1962)



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9

