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INTRODUCTION

Itiswel recognized that unaccustomed exercise, particularly eccentric
exercise, resultsin muscledamage and musclesoreness(Armstrong, 1990).
In thedaysafter unaccustomedeccentriccontractions, extensivedisruption
of the ultrastructure of skeletal muscle occurs, as well as the release of
myocellular proteins, for examplecreatinekinase(CK) and myoglobinetc,
into the blood and the delayed onset of muscle soreness (Ebbeling, 1989).
Delayed Onset Muscle Soreness (DOMY) is a sensation experienced after
unaccustomed exercise. It isusuadly first felt between 8 and 24 hours after
the termination of exercise, peaks in intensity between 24 and 72 hours,
and then decreases dramatically. DOMS is particularly prevalent after
exerciseinvolving unaccustomed eccentric, lengthening muscle actionsand
isassociated with connectiveor contractiletissue. Several investigator have
recently implicatedindexes of acute inflammation as a mechanismfor Z-
line disruption(Fielding, 1993) and DOMS(Smith, 1991) especialy after
eccentric exercise. DOMS is a complex of symptoms, namely pain on
movement and a sensation of swelling and stiffness of the muscles
performing negative work(Giamberardino, 1996).

After fatiguing muscle with exercise, there is a decrease in tnaximal
force production, which has been observed as early as | h after exercise.
The surfaced ectromyographic (EMG) activity is modified during muscle
fatigue(Bigland-Ritcgie, 1981). TheEM G power spectrumisshifted toward
the lower frequenciesas exemplified by thefall in mean power frequency
(MPF) during static contractionsas well as during dynamic exercise. The
EMG spectrumfrom eccentric, concentricmusclecontractionsunder human
werestudied asafactor of mechanical damaged musclefiber and functional
changedf metabolictissue. The primary purposeof thestudy wastoexamine
the relationship beteween DOMS in after exercise and EMG change in
during exercise. A secondary purposewasto examinetheir relationship to
local muscle fatigue and perceived scaleof DOMS. We hypothesized that
if exercise-induced muscle sorenessis associated with musclefatiguethen



the localized DOMS to muscle contractions would be accompanied by
attenuated responsein index of musclefatigue.

METHODS

Five male subjects[age 21(SD2) years, height 172(SD6) cm and body
mass72(SD6) Kg] participatedin thisinvestigationafter giving verbal and
written informed consent in accordance with institutional guidelines.
Subjects had not performed resistiveexercisesfor at least 2 weeks before
the experimental trials. Subjectswereinstructed to maintain their normal
diet and to abstainfrom physical activity, alcohol, caffeine, and fromtaking
anal egestic medicines48 h before and during the experimental trials. The
practice served as a warm-up for each test session. Subjects performed
going up and down movementsin timeto ametronome( 35 up/ min) . The
rightleg was going up ( concentric), theleft leg was goingdown (eccentric),
during a 150 - 210 min period. The subjects were instructed to perform
successively as many stepping as possible. Theexercisewas stopped when
the subjects could no longer step going up and down. On average, the
subj ects reached exhausion after 188 min of repeated work. Subject wore
ankleweights(1Kg). Subjects were asked to perceiveexertion of thelower
limb ( Gastrocnemiusand Soleus ).

. The surface EMG was recorded bipolary by silver chloride el ectrodes
withan interel ectrodedi stanceof 20 mm from Gastrocnemiusand Soleus,at
four sites, all of eight sites on thetwolegs. The electrodes were placed
longitudinally on the muscle belly on each marked sites. Care was taken
that the interelectrode resistance was below 2 kOhms. The EMG signals
were stored simultaneously with the skin temperatureon adigital recorder.
The EMG signals were digitized with a sampling frequency of 1.5 kHz,
full-waverectified, and then integrated and averaged. Musclesorenesswas
assessed before and after exercises, by having an investigator passively
push at lower leg muscleson cutaneous. And subjectsdescribed scalesas
the perceived sorenessintensity in al of the forty-eight sites on two legs
after 0, 2, 4, 8, 12, 24, 48, 72 hours, respectively. A simple number range
was chosen, 0-10 category - 10 as very very sore scale. Sites were marked
with apermanent marker to ensurethat the samesiteswere pal patedduring
subsequent measurements(Figure1).
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Figurel. lllugrated
schematicexperimental
procedure. DOM S was
evaluated for the 24 siteson
each lower leg.

After analog-to-digital conversionon EMGs, adata reductionwas applied
to mean power frequency and integrated EM G. A mean spectrum wasthen:
computed by cal culating the root mean square valuesof 16 spectraobtained
from consecutivetimewindowsof 500 msduration. The resulting spectrum
was defined by 256 points in amplitude and phase in the 1 to 1025 Hz
bandwidth. Meanwhile, the amplitude values were transmitted to a
microcomputer by meansof aGPIB (IEEE 488) interfacesystem. Thetotal
EMG power(PEMG) and the M PF wascomputed from the mean spectrum.
Musclesorenesswas andyzed by anonparametricWilcoxon matched-pairs
signed-ranktest. Averageand analysisof EMG for each repetition, averaged
over the 16 repetitions, were analyzed with the use of arepeated-measures
analysisof variance. Statistical significance was set a P < 0.05.

RESULTS
In the present study, going up and down exercise have it that

Gastrocnemius and Soleus was main load. Recorded EMG was shown to
decreasein thehigh - frequency bands. Figure 2illustrateschangesin EMG
power spectrum of both muscle contractions. A continuous increase in
PEMG was observed during all sites on lower leg. This increasing
myoel ectrical activity was associated with adecreasein MPF. The average
declinein MPF, wassignificantly higher in pre-exercisethan last condition
of exercise. Then, in perceived category scae, DOMS observed greater
after eccentric contraction than after concentric contraction. At 12, 24 hours
after exercise, eccentric was a the most intensive of DOMS.

After theexercisestimulus, the intensities of sorenesswas significantly
higher at afew subsequent test times(8, 12, 24, and 48 h) than wasthe pre-
exercise stimulusscores(P < 0.05)(Figure 3).
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Figure2. Normalized median frequency versus exercisetime at gastrocnemius
(1) and soleus (4) bothleft and right legs.
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Figure3. Mean values of overall DOMSin concentric (right leg) and
eccentric (left leg), postexercisetest a 0,2,8,12,24,48, and 72.

DISCUSSION

The major finding in the present study was the following: eccentric
muscleactivity causesthe most sorenessand fatigue to the muscle. DOMS
is reported to be prominent in the life of most individuals, particularly
sportsmen, because a great number of physical activities/sports involve
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eccentriccontractions. The perception of theintenstiesof sorenessincreased
after the exercise stimulus and peaked 24 h after theexercisestimulus. In
this study, four additional time periodsof datawere collected between the
pre-exercisetest and the usual reportingtimedf 24 h.The responsesat 4, 8,
and 12 h after the eccentric exercise confirmed that intensity of soreness
progressively increased for up to 24h. Other investigatorshave reported
that soreness responsesreturned to baseline levels by 5(Newham, 1986),
T(Maclntyre, 1995) or 10(Clarkson, 1992) days, but because the protocol
endedat 72 hinthisstudy, neither intensity of sorenessnor pain hasreturned
to the pre-exercise levels. Alternatively, it could be that the affective
dimensionisnot a prominent experiencein musclesorenesscompared with
other pain syndromes(MacIntyre, 1995).

During the data collection, subjectswere asked to subjectively report
thelocation of their muscle sorenessby indication on body diagram where
they.felt the soreness. At 2 h post exercise, al subjectsreported their soreness
level at siteadmost of 15th both lower legsin moderate. By 24-48 h post
exercise, all of the subjects reported soreness proximally alittle strong at
siteof 11th upper 13-16th. Although thisisanecdotal information Newham
and colleagues(1983) reported tendernessbeginning medialy, lateraly, and
distally and then becoming morediffusethroughout the quadri ceps muscles
by 24-48 h after the exercise. In addition, lateral gastrocnemius contains
more fast twitch (FT) fibres than soleus, and there has been evidence to
suggest that in humans FT fibres are more susceptibleto muscle damage
than their ow twitch counterparts(Friden, 1983). PEMG was found to
increase linearly with exercise duration in both conditions. This rise in
myoelectrical activity might be due to an increasein firing rate of motor
units, the recruitment of additional motor units, or an increase in the
synchronizationof motor unit discharge. Theshift in EMG power spectrum
toward |l ower frequenciescan a so account for theincreased PEM G, because
when the low-frequency componentsof EMG signal are increased.

CONCLUSIONS

DOMS should be consideredone of the primary symptomsaof most
neuromuscular disorders. The EM G effects may be attributed to neura
mechanisms, motor units synchronization, improved coordination, and
muscle activity. Therefore it may be thought that different training
background of our subjects could explain part of the EMG differences
observed in each soreness sensitivity.
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