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SUMMARY

This study is carried out to investigate early adtpnal
effects of repeated maximum voluntary isometric
contractions (MVCs). Therefore a treatment and atrob
group performed m. quadriceps femoris MVCs on four
different days in order to determine isometric rsiptb and
voluntary activation. Additional maximum eccentric
contractions served to assess eccentric strendtfghws
associated with inhibition and/or the ability tolwatarily
activate a muscle.

From the first to the last session, first prelinmnalata
showed an increase in isometric strength as welinas
voluntary activation (VA). While VA of the treatme@F
increased by 4.14%, VA of the control QF increassd
3.0%. Accordingly early adaptations to repeated MVC
appear to be due to learning and/or neural plagtith
contrast, eccentric strength showed non-systerbatiavior
and failed to markedly exceed isometric strengttinguall

the four sessions. Although absent
enhancement has been reported earlier,
enhancement has also been shown to increase witting
since the latter is thought to reduce stretch ieduc
inhibition. However, to strengthen these first pnéhary
results additional data has to be collected.

INTRODUCTION

MVCs serve as a measurement to assess maximungtstren
as well as to investigate neuromuscular biomecksanic
However, literature showed that during MCVs volupta
activation of m. quadriceps femoris (QF) as detaediby
interpolated twitch technique (ITT) [1] only reash&% to
95% [2-4]. Therefore the first question arisingifsMVCs
are a suitable tool to assess muscular strengtion8ewhen
investigating neuromuscular biomechanics by MVCmse&o
studies did several preceding familiarization smssi while
others did not. Due to this, results might be canfited and
difficult to interpret as evidence regarding puwtatmuscular
properties. Thus, the aim of the current study was
investigate the effect of repeated measuremerié\ils on
voluntary activation, isometric and eccentric stytarof QF.

METHODS

During a 2 week period subjects attended the lalfoon
different occasions separated by at least two daile the
right QF was tested in all the four sessions, #feQF was
tested in session one and four only and servedrasasure

of contralateral transfer. Further the left QF otantrol
group was tested in sessions one and four in otder
distinguish between contralateral transfer and niegr
and/or adaptation caused by the first session.

For the assessment of maximum isometric strength an
voluntary activation, subjects had to perform maxim
voluntary isometric knee extensions at 60° kneeidle
angle. Voluntary activation was determined usingl IT
according to van Leeuweret al. [2] by applying a
submaximal superimposed twitch during MVCs. Intgnsi
for stimulation was adjusted to result in 50% of th
potentiated resting twitch obtained for maximainstiation.
Electrical stimulation over the muscle belly wadivdged as
a doublet current pulse (100 Hz) of 200 ps durabgna
constant-current stimulator (DS7AH, Digitimer LtdK).
Current passed from a proximal electrode (7.5 xcth8
ValuTrode, Axelgaard, Denmark) placed slightly tate

eccentric forceover the QF to a distal electrode of the same imitioned
such forc®ver the QF muscle belly just above the patellaxiMam

eccentric strength was also obtained at 60° knexiofh
angle during a maximum voluntary lengthening carttoa
from 45° to 75° knee flexion at an angular veloaify60°s".

To ensure a high level of voluntary activation the
dynamometer-driven lengthening only started whehjesats
reached 95% of their maximum isometric strengththBo
isometric and eccentric strength were measured by a
isokinetic dynamometer (IsoMed2000, D&R Ferstl GmbH
Germany).

After a brief warm-up, subjects were placed on the
dynamometer’s seat with their right or left shatrlagped to
the dynamometer’s lever arm. Knee joint axis and th
rotation axis of the dynamometer were aligned calseind
subjects were secured by safety belts and shoplads to
prevent unwanted movement during the contractidhen,
potentiated twitches with increasing stimulatioriemsity
were obtained until the torque response leveled off
Subsequently, stimulation current was reduced ¢alywe a
torque response of 50% of the maximum potentiatetdh.
Following that, subjects performed two MVCs at 4bite
flexion to determine 95% of their angle specificxmaum
torque, which was set as a trigger to start thgthkaming
contractions. The test contractions included tliseenetric
and three eccentric MVCs. During and two seconder af
each isometric MVCs, superimposed doublets and



potentiated resting twitches were delivered to itingscle.
There was no stimulation during the eccentric MVTsst
contractions were performed in a randomized order @
rest of at least 3 min was enforced between cotibrae

Maximum isometric torque was taken at the onset of
stimulation and corrected for passive torque preduay the
weight of shank and foot. Superimposed twitchesewer
calculated as the difference between peak torquegithe
twitch and maximum isometric torque and restingtdhes
were calculated as the difference between peakuéorq
during the resting twitch and passive torque. Vtdon
activation is then given as (1-(superimposed tuliteting
twitch))*100. Maximum eccentric torque was analyzzsl
the angle specific torque during lengthening whenlever
arm passed 60° knee flexion.
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Figure 1: Exemplar torque-time-trace with superimposed
and resting twitches evoked by submaximal doublets.

RESULTSAND DISCUSSION

Since this is an ongoing study the results present®
based on preliminary data of the treatment groug m=
3). From the first to the last session isometniersgth of the
right QF slightly increased from 29423 Nm to 308#6m,
while voluntary activation (VA) increased from 76612 %
to 80.2+3.6 %. However, the preliminary data showeohe
variability with individual correlations betweenoimetric
strength and VA ranging between r = 0.5 and r 50Bom
the first to the last session MVC strength of thi tontrol
QF increased from 262+17 Nm to 297+30 Nm, whereas V
increased from 69.1+2.4 % to 72.1+9.0%. Eccentriengjth
of the right and left QF hardly exceeded isomedtiength,
and showed non-systematic inter-session changegebet
1.01+0.09 and 1.08+0.16 of the corresponding marimu
isometric torque.

Due to the early stage of the ongoing experimentt the
limited number of subjects, the preliminary resuits/e to
be interpreted with caution. Despite the expected
observation of an increase in isometric strengtth ianVA
of the test QF, differences in VA between sessmms and
four have been relatively small (4.14%). Also inmgarison
to former studies on VA of QF, the level of VA amifid for
our first subjects was somewhat lower than repoedier
(range 71.2% - 93.4%). According to the test prokothis
might partly be due to the submaximal stimulatioa the
muscle belly instead of supramaximal nerve stinmomtat

The 3% increase in VA of the left control QF poitds/ards

early adaptations in neural function caused by atgue
performance of MVCs.
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Figure 2: Exemplar data (n = 1) showing right QF isometric
strength and voluntary activation from sessionstorfeur.

In contrast to our expectations, eccentric strengghther
exceeded maximum isometric strength nor did théo rat
eccentric/isometric strength increase from sessmmes to
four. Although absent eccentric force potentiatirQF is
associated with neural inhibition and has been ntedo
earlier, there is also data showing eccentric ®rot QF
exceeding isometric MVCs by approximately 20-3096c8
this was especially true when eccentric contrastistarted
from high preloads as done in the current studis th
somewhat surprising. Previous studies have fursiemwn
that training may lead to downregulation of inhilpjt
pathways. However, our tentative results did nfieéce such
an adaptation.

CONCLUSIONS

This study is designed to investigate the effeteepeated
performance of MVCs on voluntary activation andestdc
strength of QF. First results showed an increassoimetric
strength and VA, which however was relatively small
Eccentric strength hardly exceeded isometric MV@¢ n
either after four test sessions. According to tlhanges
observed for the control QF, the early adaptatiescdbed
above might be due to neural plasticity. Howeverrerdata
has to be collected.
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