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ABSTRACT

Rantalainen, Timo. 2005. Role of motor cortex dgridrop jump: motor cortical
excitability assessed with TMS and H-reflex stintiola. Department of biology of
physical activity, university of Jyvaskyld. Mastethesis of biomechanics. 32 pages.
Pre-programmed activity has major influence on dropp. The efficiency of a drop
jump is dependent on the amount of preactivatidme $ource of voluntary muscle
activation can be assessed with evoked potentiatiffarent levels of motor control.
The goal of the study was to clarify the roles a@ftical and spinal segments in
producing the muscle activation levels requiredliap jumping. The motor program
used in drop jumps with low drop heights was exadiiy stimulating the motor
system at spinal (peripheral electrical stimulatidd-reflex) and cortical level
(transcranial magnetic stimulation [TMS], motor ked potential [MEP]) at different
times from 50 ms prior to ground contact to ~120 after the ground contact. The
motor program was studied by determining the sparal corticospinal excitability
changes during the drop jump (DJ) cycle. The caltiexcitability changes were
extracted from the corticospinal excitability wighnovel correction factor approach in
which the spinal excitability changes were extrddtem corticospinal excitability. The
assumption was made that the spinal excitabilitpnges measured with H-reflex
measurements cause similar relative facilitationtie MEP values. The DJs were
conducted from a drop height of 30 cm and thereevaetotal of 9 healthy men subjects
with prior jumping exercise experience. The cotteecitability is high prior to ground
contact lowered at ground contact and heightermigir first 100 ms of ground contact.
The spinal excitability is high from the beginning ground contact to approximately
100 ms after the beginning of ground contact. Tésults indicate that the motor
programming of drop jump takes reflex activity irdocount. The muscle activation is
initiated with cortical drive after which the spindrive is accounted for by lowering
cortical excitability levels. Functionally the higipinal excitability during the first 100
ms of ground contact enables the maintenance d&f heyral drive to muscles until

volitional corrections are available.
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1 INTRODUCTION

1.1 Supraspinal movement control

The output of motor programming is called the c@ntommand. The central command
is directed to lower nerve centres, brain stemspidal cord and back to higher nerve

centres which take part in motor programming. (Enb894.)

By EEG recordings it has been discovered that prenuortex activates before primary
motor cortex during preparations of voluntary moeem(Brunia et al. 1985). The

pyramidal e.g. corticospinal tract begins from matortex and part of the neurons has
monosynaptic connections to motoneurons. Corticagpract directs precise voluntary

movements. (Carpenter 1984.)
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FIGURE 1. Purves et al. 2001. The location of metatex in the brain. (a), topographical map
of the body parts (b) and the relative represestiatf body parts (c) on the motor cortex.



The motor cortex is situated in front of the celns@lcus of the brain on both cerebral
lobes. Body parts are represented on the motoexad a topographical map (figure 1).
The neurons, which innervate foots are situateddxn the brain lobes. The pyramidal

cell dendrites have branches to all layers of goKi€arpenter 1984.)

1.2 Spinal movement control

In addition to efferent nervation the sensory aton contributes to the movement
(Enoka 1994). In some instances the supraspinalmzord needs to inhibit spinal
reflexes (Carpenter 1984). Spinal cord makes flgenies of extensions and flexions
available for standing, walking and running (Sa§84). The spinal control enables the

motor apparatus to adapt to surprising disturba(ieeska 1994).

Spinal control is not largely under voluntary (sagpinal) control. Long latency
reflexes can be mediated with earlier informatidono- oligo- and polysynaptic neural
connections regulate the excitability of motoneupmol. Typically spinal control is

conservative and tries to resist perturbationstaéla1998.)

1.3 Stimulation of motor cortex

Barker et al. (1985) discovered that the cortexhef brain could be stimulated with
transcranial magnetic stimulation (TMS). They dissred that a rapidly changing
magnetic field can be used to stimulate motor ggpgEnlessly and as a consequence of
the stimulation a measurable EMG response will veked. (Barker et al. 1985.) Di
lazarro et al. (2004) reported that at motor tr&sAAMS results in 1-waves (indirect)
and only with increased intensity TMS results wilhwaves (caused by direct
excitation of corticospinal axons). 100 mV in 50#sbmulations. Voluntary activation
increases all I-waves. Because of this and fatdiaof the motoneuron pool TMS
during voluntary activation results in larger motwoked potential (MEP) than TMS

when the subject is passive. (Di lazzaro et al4200
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Di lazzaro et al. (2004) The intensity of the stiation can be represented in relation to motor
threshold (MT). which can be defined as an intgrikiait results in a response of FIGURE 2.
Modified from Di Lazzaro et al. 2004. The possibies of activation of corticospinal cells
using different techniques of transcranial stimatatTranscranial electrical stimulation (TES)
and Transcranial magnetic stimulation (TMS).

A single D-wave can result in a measurable EMGalighrest. In some cases voluntary
contraction is needed (Di lazarro et al. 2004). TE& TES can result in multiple
firings of a-motoneuron, which does not happen with periphgraiulation (Day et al.
1989). The amplitude of D-wave when stimulatinghwgtrcular coil is dependent on the

cortical excitability and is therefore induced nee soma of the neuron (figure 2). (Di
lazzaro et al. 2004).
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FIGURE 3. Ruohonen 1997. The electric field indubgdlifferent kinds of coils.



In magnetic stimulation the stimulation energy iansferred with magnetic field
(Malmivuo 1992). The direction of the induced cutrgn the brains (figure 3) is
determined by the direction of the current in tb# and is opposite to the current in the
coil (Ruohonen 1997).

The activation caused by TMS is affected by: thepsghof the coil, the orientation of the
coil, the induced current and the intensity of stienulus. If stimulus intensity is to be

varied, monophasic current pulse should be usads{B\eto et al. 1992.)

The TMS stimulation site has to be determined arpamtally for each measurement.
For circular coil the site of the coil is near thertex. Circular coil should be oriented
tangentially to the skull. If the right side of thwain is the side, which is to be
stimulated the current should flow clockwise in ttw@l. The highest induced current
will occur between the centre and the ring of tlod. Deeper cortical areas can be

stimulated with circular coil compared to figureeafiht shaped coil. (Reid 2003).

The reliability of TMS increases if stimulationseaanalyzed as blocks of more than
one. Evidently the intraindividual intraclass réligy (ICC) of MEP settles to a value
of ICC = 0.70 independent of the amount of stimalablocks and measurement days.
(Kamen 2004.) The variability of the MEP is greatean compound muscle action
potential (CMAP) evoked by peripheral stimulatidfor this reason several MEPs
needs to be averaged in order to examine the ardpliaf TMS response. (Reid 2003.)
With high stimulation intensities MEP reaches aqda but the twitch force continues
to increase. The twitch force would thus give aenaecurate estimate of the amount of
motor units activated by TMS. (Reid 2003., Kiers at 1995.) The MEP area
corresponds better to the twitch force than the ME®RIlitude does. (Kiers et al. 1995).

Single pulse magnetic stimulation (STMS) has novkmgide effects for healthy people
(Wasserman 1998). Metal and magnetic objects,slifgoorting electrical devices and
heightened intracranial pressure are contraindiocatito TMS (Wassermann 1998,
Ruohonen 1999, Reid 2003). The same precautionsicsibe taken in application of
TMS as in magnetic resonance imaging. Within thesés the use of TMS is safe.
(Reid 2003.).



During magnetic stimulation the coil makes a clntkisound so subjects should wear
earplugs (Ruohonen 1999, Reid 2003). In some dhseapplication of TMS causes
mild headache for sensitive subjects. The headashmost likely caused by the
activation of neck and skull musculature. (Ruohod®89.) With sTMS headache is
rarely a problem (Wassermann 1998). The stimulatiequency of sTMS is not to
exceed 0,5 Hz in order to avoid the facilitatoryd anhibitory effects of previous
stimulation. (Reid 2003).

1.4 Spinal and corticospinal excitability

TMS can be used to assess the excitability of mototex if the function of more

peripheral neural system is taken into accountlpra® Gandevia 2001).

During fatiguing muscle activation MEP increases 6 — 15 s from the beginning of
activation and plateaus after that. During fatiglsm M-wave increases, but even when
MEP is normalized with M-wave, MEP still increas€$aylor et al. 1996, Taylor &
Gandevia 2001, Taylor et al 1999.) After even afbperiod of activity the MEP
induced to a passive muscle is facilitated. Thdifation disappears after 2 — 4 min.
(Taylor & Gandevia 2001.)

During maximal voluntary contraction (MVC) fatiggrprotocol application of TMS
increases produced force. Therefore the outputaibncortex is not maximal during
MVC. (Taylor & Gandevia 2001, Wolfgang & Nordlund@.) Also in non-fatigued
MVC application of TMS increases produced force.e Ttheficit during fatiguing
voluntary activation is especially marked duringcesttric activation. (Wolfgang &
Nordlund 2002.)

MEP is facilitated instantly after fatiguing exesei (Liepert et al. 1996, Kato et al
2003). Fatigue is compensated with activation odirbg motor cortical areas. Thus
TMS excites more neurons on motor cortex duringyfet (Kato et al. 2003.) Central

fatigue is not caused by fatigue of motor cortexrduisometric MVC (Gandevia et al.



1996). After MVC fatiguing protocol the MEP falls minimal value in 2 min after the

cessation of exercise and stays depressed forri@fterwards. (Gandevia et al. 1999).

When TMS intensity is lower than active motor thas (ATM) during voluntary
activation, there is no facilitation of H-reflex tdeted due to TMS. (Ziemann et al.
1996.) 60 - 80 ms before voluntary movement fatitin of MEP starts in the agonist
(Pascual-Leone et al. 1992, Hoshiyama et al. 19@®cani et al. 2000) and the
inhibition of MEP starts in the antagonist. Becatlse is no movement induced at that
time the inhibition can not be caused by propriticefactors. The motor program of
cerebral cortex regulates the facilitation and bitton of the movement inducing
muscle and this regulation is ready 60 ms befoearibvement. The regulation can take
place at cortical and spinal level. (Hoshiyamale1896.) Prior to movement onset the
corticospinal facilitation starts to increase asdthe greatest at onset of movement
initiation. Corticospinal facilitation is greaten iphasic contractions than in tonic
contractions and facilitation increases with movemspeed. (Nielsen & Petersen
1995.)

During voluntary activation MEP caused by TMS isrgased with increasing EMG
levels. The increment of MEP is dependent on tleeurenent order of the specific
muscle. (Taylor & Gandevia 2001, Nowicky et al. 200Contralateral inhibition
caused by voluntary contraction does not affeaticemedullarry evoked muscle action
potential (CMEP) and MEP is facilitated during aatateral voluntary activation in
hand muscles (Hortobagyi et al. 2003). During vtdmn contraction the My tends to
increase. When khx/ Mmax ratio is compared during maximal voluntary conticatand

at rest there is no significant difference, whiciggests that the inhibitory mechanisms

remain similar to rest during MVC. (Pensini & Mar2004.)

Much of H-reflex modulation during voluntary movemeoccurs pre-synaptically
(Stein 1995). In foot la-afferent presynaptic intidn is decreased during voluntary
activation in both the agonist and the antagonistsctes (Meunier & Pierrot-
Deseilligny 1998). H-reflex is more affected byegynaptic inhibition than stretch
reflex. Previously activated afferents are lesed#d by the presynaptic inhibition.
(Morita et al. 1998, Enriquez-Denton et al. 20@&¥ording to Crone et al. (1990) H-

reflex modulation is largely dependent on the tefiex size. If test H-reflex is 20 —



40% of Mnax the effects of inhibition and facilitation will bmost evident. (Crone et al.
1990).

The facilitation of corticospinal system probabgkés place at cortical level before
onset of voluntary activation (Davey et al. 1998png latency reflexes have
transcortical segments (Petersen et al. 1998, €hsen et al. 2001). Stretch elicits
three bursts of reflex activity (M1 — M3). The M&flex loop has transcortical

segments. (Petersen et al. 1998.)

1.5 Motor programming

Motor program is a series of preplanned motor condeawhich enable the execution
of a movement without peripheral feedback (Klap@®@)9 The afferent nervation of
muscles makes studying of the motor control chgllegn If movement is evoked by
stimulation the stimulation will cause sensory tesck, which can affect the activation.
(Carpenter 1984.) In rapid movements the motor aroghas to be fully programmed
before execution of the movement (Carpenter 1984¢. shortest movement in which
volitional corrections are possible is 100-200 Ker( 1978).

For drop jumps there are different kinds of motoaitegies that have been discovered to
been used. Some subjects seem to land first aad thtt perform a subsequent jump
whereas others seem to not bother themselves avittirlg. (Dyhre-Poulsen et al. 1991,
Viitasalo et al. 1998, Horita et al. 2002.) Whemparing jump trained and untrained
subjects in drop jumps it is evident that from Eghdrop heights (> 40 cm) the

untrained subjects are unable to jump efficientijtésalo et al. 1998).

During drop jumps higher levels of preactivatioB@-ms before ground contact) of
gastrocnemius medialis are associated with mora@esit jumping pattern (the
exploitation of stretch shortening cycle). (Hogtzal. 2002.) Agonist premotor silent
period (PMS) is associated with increased velaamitg acceleration of the upcoming
activity (Walter 1988). Premovement silent perindallistic movements is produced at

supraspinal level. H-reflex is not surpressed dutite PMS. The likely role of
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premovement silent period is to enhance the pedooa during the ensuing ballistic

movement. (Aoki et al. 2002.)

Voluntary movement requires planning of the movenpeior to movement onset.
Before short lasting movements (less than 200 mes)wthole movement needs to be
pre-programmed and corrections during the moverasnimpossible. It is known that
preactivation heightens the efficiency of stretdiorgening cycle. Is the level of
preactivation decided at spinal or supraspinaltical) level? The goal of the study was
to clarify the roles of cortical and spinal segnseim producing the muscle activation
levels required in drop jumping. The results wotklds shed light on the magnitude of
activity produced at spinal level compared to afstiproduced at cortical level in

voluntary activation.

The goal of this study is to examine the role often@ortex during the execution of a
drop jump. The role of motor cortex is assessedekgmining the corticospinal

excitability changes during drop jump.
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2 METHODS

2.1 Subjectsand experimental protocol

The study was conducted with written consent fon@ subjects. Nine healthy male
university student volunteers with prior jumpingeesise training were subjects to this
study. The measurements were conducted on two aepdays. On both of the
measurement days the subjects conducted drop jinmps30 cm drop height. On the
other day subjects were peripherally electricatignslated for soleus H-reflex and on

the other stimulated with transcranial magnetimstation (TMS) for soleus MEP.

TABLE 1. The protocol.

1 10 drop jumps to measure temporal pattern of EiM@ ground reaction force

2
20 to 50 stimuli to determine motor threshold, Hxpld-max and excitability curves

3 3 times 5 times 8 jumps plus control stimulushvgtimulation at different temporal sites
5 times 8 jumps plus control stimulus with highémsilation intensity

4 Intended timing
Stimulus 1 50 ms before ground contact
Stimulus 2 ~15 ms after ground contact
Stimulus 3 M1 reflex response
Stimulus 4 M2 reflex response
Stimulus 5 M3 reflex response
Stimulus 6/ Control stimulus while standing still
Control
Control 1 no Background EMG
stimulus
Control 2 no Background EMG
stimulus
Stimulus 7 EMG peak after ~120 ms

First the subjects were asked to perform 10 drappgito reveal the temporal pattern of
contact time and EMG (Table 1). Secondly the stating intensity and the excitability
curve for H-reflex or TMS was determined. In ca6&@MS measurements the first two
measurements were conducted in the opposite oFiderTMS the motor threshold

(MT) intensity was determined while subjects wetanding. TMS intensity was
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accepted as MT intensity when 3 of 5 stimulatioredpced a response of 100 mV or

maore.

The temporal patterns for EMG and ground reactmnee were determined from the
rectified EMG and ground reaction force traces smpdy for each individual and once
for each of the separate measurement days (tabklllfMG and force signals were
averaged after which the onset of ground contadt @mtact time were determined
from the force signals. The EMG spikes needed drd stimulus latencies were

determined from the EMG signal.

After the variables for temporal stimulating sisd the temporal pattern before the
ground contact were determined the drop jumps wmeducted. The subjects
performed four times five times nine completions/eFtimes eight jumps and one
control stimulus were completed with six secon@iwals after which a five to 10 min
break was taken according to the subjects wishes which the same five times nine
completions were performed again until all the ctatipns were finished. In the TMS
measurement the last set of five times nine wadtedhand replaced with a few more
control stimuli with higher stimulation intensity tontrol for the possible ceiling effect.

2.2 Stimulation

For determining the stimulation site the EMG tilganterior and soleus were projected
with oscilloscope and the EMG response resultimgnfrthe stimulus was observed
visually. When at constant stimulus intensity theponse was maximal in soleus and
minimal in tibialis anterior the stimulating siteaw accepted for the rest of the
measurements and the stimulating apparatus wasdixaoperly.

The timing of stimulation was decided from the temgb pattern of EMG. Stimulation
was conducted at the time of wished stimulatiomnpasubtracted by the latency of
stimulation. In practice the stimulation was trigegk by photocell or by ground reaction
force. For the two earliest stimulation points gfetocell was used for triggering and
for the latter four points the force plate was uiedriggering. The trigger threshold for

force plate was 2 N. The average stimulation intgrfer the peripheral electrical
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stimulation was 13,4 5,5 mA for the H-reflex amplitude of 20% of Mk and 18,7+
6,9 mA for M-wave 50% of Max The latency of peripheral stimulation was 38,3,4

ms. For timing of the stimuli (and 8) refer to @l

Table 2. Average values of the actual timing ahsti in milliseconds. The first value is before
ground contact and all the others are after graaomdact.
Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stiosub  Stimulus 7

T™MS 48,7+3,4 17,6 7,7 47,446 740:t4,4 91,346 119,A5,3

H-reflex 49,675 16,498 43,%44 70,46,3 92,46,4 117,85,7

2.2.1 Transcranial magnetic stimulation

TMS stimulation was conducted with Magstim 200 MdpPolse magnetic stimulator

using circular coil. TMS stimulation site was defthmoving the coil near the vertex

a

FIGURE 4. Fixating the magnetic coil with the custmad

helmet.

and tangentially to the skull. The proper stimulgtsite was usually so that the centre
of the coil was a few centimetres to the side ef skimulated foot in which case the
vertex was situated between the ring of the cail e centre of the coil. The magnetic
coil was fixated for the duration of the measurenweith a custom made helmet which

allowed negligible movement of the coil relativethe skull (figure 4). The intensity of
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stimulation was kept constant for drop jump tridlke intensity for TMS was 95% of
the motor threshold. The intensity for ceiling effeontrol trials was 120% of MT. The
average stimulation intensity for TMS measured by toiled wire attached to the
stimulating coil was 5& 10 % of the stimulator output for stimulation insgty of 95%
of MT. The intensity was and G99 % of the stimulator output for 120% of stimubexti
intensity of MT. The latency of TMS was 37#83,5 ms. For timing of the stimuli
(figure 6) refer to table 2

2.2.2 Peripheral electrical stimulation

Electrical stimulation was conducted with DigitimB67A constant current stimulator
using 500us rectangular pulse. Peripheral electrical stinnhatvas conducted placing
the rectangular anode below the patella and segy¢he optimal stimulating site from
popliteal fossa with the circular cathode. The stating electrode for the peripheral

stimulation was fixated with tape.

During the first three sets of drop jumps the istgnof stimulation was kept constant
and for the last set the intensity was increasée. iftensity for electrical stimulation
was set so that the H-reflex amplitude was 20% g@fdNh for the first free sets. The
intensity was set so that M-wave was 50% of.Mfor the last set with the higher
stimulation intensity. After each rest period tinéensity of electrical stimulation was
adjusted to the correct value. The intensity of TiM& controlled with a coiled wire
attached to the magnetic coil. The coiled wire mess the percentage of the induced

field compared to the maximal field that the codsnable to induce.

2.3 Registering and collecting the signals

EMG, force signal and stimulation intensity wergistered. EMG was registered with
single reusable electrodes with circular termind@lse electrodes were used as bipolar
electrodes. The electrodes were placed on the wkim inter electrode distance of

approximately 2,5 cm and the reference electrodeplaced on top of tibia. EMG was
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registered from right leg from the tibialis anterigastrocnemius lateralis & medialis
and soleus muscles. To minimize artefact the wiresh the electrodes were fixated
with tape to the leg of the subject and held afparh the stimulating coil and the cords

to the stimulating electrodes.

Force signal was registered from the force platen®ation intensity was registered
from the actual output of electrical stimulationwaith a coiled wire from the magnetic

stimulation coil.

The sampling frequency for all signals was 4000aHd the signals were 50 — 2000 Hz
band pass filtered. After filtering the data wadlezded with IMAGO data collection

program.

2.4 Theexperimental setup

The experimental setup for drop jumps consisted 80 cm high platform, photocells
which were positioned at a height that corresportdedpproximately 100 ms before
ground contact and of a force plate. The forceeplafs surrounded with additional

platforms to prevent injury if subject lost balan(fegure 5)

FIGURE 5. The setup for drop jumps.

The drop jumps were performed with the subjectshsampositioned freely to help
sustain balance. The subjects were instructed tcertfae ground contact as short as

possible and to make each repetition as identEglogsible. The ground reaction force
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was observed online with an oscilloscope to contilwht all the jumps were

approximately identical.

25 Analysis

The H-reflex and TMS values for each stimulationnpovere obtained from the
averaged curve of all stimuli stimulated with tleem® stimulation intensity. The value
of the response was determined with 20 ms root mqaare (RMS) value and with the
peak-to-peak amplitude of the response. The 20 mdow was situated around the
highest peak of the H-reflex and at the earliesible peak of the control MEP
response. The earliest visible peak was used foP M&lues because MEP latency is

decreased during voluntary activation.

To assess the spinal and cortical excitability theckground EMG value for
corresponding time span was subtracted from theefld&x and MEP values.
Background EMG value was determined by calculatiieg20 ms RMS or peak-to-peak
values around the intended stimulation sites frioenltackground EMG trials.

To cancel the effect of spinal excitability chandesm the cortical excitability a
correction factor (C = |HH) was formed. The percentage of spinal excitgbdhange
compared to the control value was calculated byditig the H-reflex value at certain
stimulation site (i) with control H-reflex value (H). The TMS valuere divided by

correction factor to compensate for the spinaltekdity changes.

To control the possible stimulation intensity ches@f peripheral electrical stimulation
the M-wave from the higher stimulation intensitiaks was collected. The M-waves

were analysed similarly to the H-reflex and TMSues.

After all the individual subject values had beeted®ined, the values for individuals
were averaged to produce single value for eachabkrifor the purposes of creating
plots and diagrams. These values are the valueslfouthe results but the statistical
analysis was done with the average results of galitidual so that the n of the study

was the same as the number of subjects.
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For the ground reaction force all the trials fotedmining the background EMG were
averaged to obtain the standard deviation of growadtion force during the ground
contact. The TMS ceiling control stimuli were armdyg the same way as the drop jump

control trials.

The stimulation intensity was averaged over alalsriwith supposedly the same
stimulation intensity and the standard deviatiothef stimulation intensity was
determined for both TMS and peripheral electritahslation.

Statistical analysis was performed using the SigataSatistical analysis program. To
determine if there were differences between thiewint stimulation times the resulting
responses were compared with repeated measures AN@MW if there were
differences the differences were assessed with eéanfi's against control
measurement multiple comparisons tests. The stioalantensity and ceiling control
measurements were assessed with paired t-testeamsid? correlation coefficient. RMS
and peak to peak (AMP) values for soleus TMS tvedse tested for correlation with
Pearson correlation coefficient. The significanexel was set at p = 0.05. All

significance statements are against the controieval
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3 RESULTS

The average ground reaction force during the growmmtact for H-reflex trials and
TMS trials were 222 517 N and 223# 556 N respectively (coefficient of variation
(CV) 23 % and 25% respectively) (figure 6). Therage contact times were 23320
ms and 219 30 ms for H-reflex trials and TMS-trials respeetiv (CV 9% and 14%

«ﬂw ﬂw“ Stimulus 1
;
L

-

iR

M:I» FH» Control
100 I 100 )

FIGURE 6. A typical sample of 500 ms'’s of averageugd reaction force with standard

1

Stimulus 2

Stimulus 3

i
i
1

-

Stimulus 5

Stimulus 7

deviation and soleus background EMG plotted agaiim&t from 15 jumps of individual subject
from control H-reflex (Left) and TMS trials (Righffhe stimuli 1 through 5 and 7 are plotted in
ascending order under the background EMG in cooredipg temporal placing. The bottom

most trace is from control stimuli. The analysedddw is highlighted with grey rectangle.
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The TMS ceiling control stimuli MEP values were rgfigcantly (p = 0,05) different
from the control stimuli recorded during the trial$e correlation between the ceiling
control and control stimuli was 0.663, which is measignificant (p = 0.073). The
correlation between soleus TMS RMS and AMP valuas significant (p = 0.000) and

the correlation was 0.572.

The H-reflex and M-wave of the higher stimulationtensity didn't correlate

significantly. The correlation coefficient was 0408 here were significant correlations
between higher and lower intensity H-reflex vala¢ssome stimulation times. There
was significant correlation with stimulation timés2 and 4 between H-reflex values of
lower and higher intensity electrical stimulatiofi$fie higher stimulation intensity H-

reflex values were lower than the H-reflex valuéfower stimulation intensity and the
difference was significant. There were no significadifferences between the
stimulation intensities measured from the corredpunM-wave values. If the average
M-wave values were compared there was an appandensity drop of 10 % at

stimulation time 4 but there was no correlationsn the control and stimulation time

4 M-wave values (p =0.904).

For average MEP values at different temporal sitetng the drop jumps refer to table
3 All values are in mVs. Significances were caltedacompared to control.
TABLE 3. Soleus, gastrocnemius medialis, gastro¢uetateralis and tibialis anterior MEP

RMS values

Soleus Control Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5 Stimulus 7
Average  0.044 0.098 0.128 0.174 0.165 0.221 0.097
STDEV 0.024 0.051 0.054 0.088 0.125 0.117 0.095
Significance * *k rxk

Gastr. med Control Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5 Stimulus 7
Average 0.116 0.256 0.181 0.181 0.238 0.214 0.058
STDEV 0.084 0.203 0.160 0.161 0.262 0.239 0.085
Significance

Gastr. lat. Control Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5 Stimulus 7
Average 0.073 0.203 0.140 0.158 0.152 0.137 0.110
STDEV 0.060 0.130 0.093 0.094 0.102 0.077 0.129
Significance *

Tibialis ant Control Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5 Stimulus 7
Average 0.120 0.262 0.289 0.264 0.204 0.194 0.124
STDEV 0.120 0.105 0.142 0.223 0.215 0.221 0.133

*%

Significance ko ok




For average H-reflex values refer to table 4.

TABLE 4. Soleus, gastrocnemius medialis, gastrocusmateralis and tibialis anterior H-

REFLEX RMS values. All values in mVs

Soleus Control
Average 0.196623
STDev 0.090285
Significance

Gastr. Med. Control
Average 0.140642
STDev 0.039372
Significance

Gastr. lat.  Control
Average 0.145133
STDev 0.110408
Significance

Tibialis ant. Control
Average 0.041921
STDev 0.022313
Significance

Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5 Stimulus 7
0.194642 0.440823 0.385201 0.364694 0.321288 0.21357
0.187165 0.220921 0.21724 0.162999 0.175757 0.15071
*
Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5 Stimulus 7
0.217663 0.39269 0.330647 0.32704 0.342002 0.071051
0.210746 0.282479 0.270075 0.254665 0.278272 0.103719
*
Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5 Stimulus 7
0.233073 0.397947 0.380391 0.375269 0.36873 0.190451
0.155404 0.155058 0.166837 0.15007 0.201332 0.134104
*k*k *% *% *%
Stimulus 1 Stimulus 2 Stimulus 3 Stimulus 4 Stimulus 5 Stimulus 7
0.094343 0.128992 0.08896 0.058477 0.050501 0.029113
0.054533 0.084547 0.037681 0.023121 0.020348 0.013483

* *

For Background EMG values at times correspondingtitouli refer to table 5.

TABLE 5. Soleus, gastrocnemius medialis, gastro¢ugateralis and tibialis anterior
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background EMG values at times corresponding tatineuli from TMS and H-reflex trials.

All values in mVs

TMS BG Simulus 1 Stimulus 2 Simulus 3 Stimulus 4 Simulus 5 Stimulus 7

Soleus 0.015829 0.075282 0.082998 0.117759 0.113126 0.095302
STDev 0.009262 0.120025 0.104331 0.12533 0.100609 0.072894
Gastro Med 0.079291 0.085639 0.10989 0.125329 0.123866 0.11365
STDev 0.054106 0.061237 0.094258 0.08688 0.070166 0.07416
Gastro Lat 0.060947 0.070965 0.079589 0.119057 0.119135 0.093416
STDev 0.040062 0.04744 0.05865 0.071399 0.055112 0.045409
Tibialis Ant 0.023048 0.01995 0.014464 0.020001 0.019738 0.020751
STDev 0.023401 0.013257 0.009103 0.01647 0.010873 0.015126
H-reflex BG Simulus 1 Stimulus 2 Simulus 3 Stimulus 4 Simulus 5 Stimulus 7

Soleus 0.020629 0.063642 0.088733 0.08899 0.115015 0.06728
STDev 0.016137 0.042117 0.100471 0.036309 0.097365 0.06364
Gastro Med 0.063761 0.102125 0.083777 0.091611 0.088241 0.106384
STDev 0.050583 0.076658 0.054965 0.064617 0.056263 0.082069
Gastro Lat 0.0477 0.078743 0.070795 0.106028 0.11089 0.107921
STDev 0.015913 0.036833 0.026869 0.044644 0.050549 0.061262
Tibialis Ant 0.019397 0.025378 0.016607 0.0223 0.019679 0.020129
STDev 0.010447 0.016635 0.005854 0.016348 0.006814 0.015599
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For TMS values corrected with correction factoerdb figure 7.
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FIGURE 7. Corrected MEP RMS values with standardadi®n. Soleus, gastronemius
medialis, gastrocnemius lateralis and tibialis aatdrom up to down. Horizontal line is the
control value of TMS. The uppermost trace is adgpground reaction force plot from one of

the subjects. Vertical lines on the force tracelyntipe application times of stimuli.
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4  DISCUSSION

The results of this study support the conclusionNiglsen & Petersen (1995) that
corticomotoneuronal cells have a role in initiatioh rapid contractions. Also the
conclusion by Petersen et al. (1998) and Christergeal. (2001) that long latency
reflexes have cortical segments is supported byrdékalts of this study. It was also
evident that the pre movement silent period is peed at cortical level as suggested by
Aoki et al. (2002) revealed by the corrected TM3uga at stimulus 2 (15 ms after
ground contact), which corresponds to the timindg®®fS. Horita et al. (2002) reported
that higher preactivation levels are associatedh wvehhanced performance. The
enhancement is likely produced by increased prasierv of kinetic energy as elastic
energy in the tendon and parallel elastic elemdnthe level of preactivation were
determined at spinal level, the control of strezblrtening cycle would be less precise
and cumbersome as there would be need for speatizcuits for many kinds of
movements. Also it is known that the shortest tamhavhich volitional corrections are
possible is approximately 100 ms. The cortical seginof long latency reflexes allow
the addition of cortically dependent neural driceadvance to the first volitional drive
changes, which is probably significant in the edficy of drop jump by increasing the

amount of force produced.

The spinal excitability and the corticospinal eabitity had different kinds of temporal
patterns when the spinal excitability was measuneth H-reflex amplitude and
corticospinal excitability with MEP amplitude. Ttspinal excitability was low before
ground contact the highest shortly after the bagmof ground contact and tended to
descend after ground contact which is well in kivith previous results (Dyhre-Poulsen
et al. 1991). The corticospinal excitability tendedise until the stimulus time 5 after

which the corticospinal excitability started tolfal

The pattern of corticospinal facilitation measureith the corrected MEP values
resembles the corticospinal excitability patterarfd by Nielsen & Petersen (1995) of
step contraction in which the subjects were inséai¢o produce a certain force level as
fast as possible. Therefore seems to be possilae the motor strategy used for
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achieving a certain submaximal force level rapidlprobably the same as the strategy

used for drop jumps.

The present TMS results are in line with previougd®s on the effect of voluntary
activation on MEP (Taylor & Gandevia 2001, Nowickly al. 2001) and the effect of
preparation of voluntary movement on MEP (NielserP&tersen 1995, Hoshiyama et
al. 1996, Davey et al. 1998). During the highestkpef background EMG the MEP was
highest. Before the ground contact MEP was relbtivégh in spite of lack of
background EMG, which would indicate that the ptization is being prepared at the
cortical level at that time.

When the spinal excitability was accounted for (fey 7) in the corticospinal
excitability by normalizing the MEP values with tregios of spinal excitability changes
in corresponding stimulation times the rise of icmdpinal excitability became even
more evident, which is in line with studies by Readd _eone et al. (1992), Hoshiyama
et al. (1996) and Leocani et al. (2000) who pemeithat corticospinal facilitation
begins before onset of static voluntary movemenonithe corrected TMS values,
which are assumed to represent the level of corixeitability in this study, it can be
seen that before ground contact the corticospireitability is relatively high even
when EMG levels and spinal excitability levels &a. These results would indicate
that the preactivation EMG is produced at cortarasupracortical level, which was also

suggested by Davey et al. (1998), who didn’t meathe level of spinal excitability.

The assumption that the corrected MEP values reptethe cortical excitability
changes is based on the conclusion by Hortobagyal.e(2003), who found that
contralateral inhibition does not affect CMEP ahd MEP was even facilitated in hand
muscles. Based on their results they concludedthigathanges perceived on MEP had
to represent cortical changes because the charegeswt seen on CMEP, which shows
that at least for hand muscles the MEP represemtieal excitability level when spinal
excitability changes are accounted for. The spéxaitability can be measured with H-

reflex measurement if it is not polluted by pregtm@inhibition.

Stein (1995) concluded that H-reflex is modulategdpminantly presynaptically when

H-reflex does not follow the background EMG level.the present study the H-reflex
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values followed the increase of background EMG pkdéer the last stimulus time. It
can therefore be assumed that presynaptic inhibiioin’t take place in significant
magnitude before the last stimulation time. Sinceoading to Nielsen & Petersen
(1995) the descending fibers are not likely to Becéed by presynaptic inhibition it
seems that the H-reflex values can be used as sunemaent of spinal excitability and

the MEP values can be used as a measurement wspihal excitability.

The ratio of stimulus/control value can be usedasection factor to separate the spinal
excitability changes from corticospinal excitalyilithanges to produce the cortical
excitability changes as corrected MEP values is $tudy. Apart from the last stimulus
time at which time presynaptic inhibition seemedéake place the correction used in
this study should produce the true magnitude oetestimation of cortical excitability
changes. According to Crone et al. (1990) the Hexeils most sensitive to facilitation
and inhibition with low stimulus intensities, whietere used in this study. This would
also indicate that the cortical excitability rewelin this study is not likely an
overestimation although the apparent stimulatidensity at stimulus times 4 and 5

would probably lead to overestimation of corticetieability at those stimulus times.

According to Enriquez-Denton et al. (2002) the tetrereflex is less affected by
presynaptic inhibition than H-reflex, which wouldggest that the correction factor of
the last stimulation is too small, which is likely lead in overestimation of cortical

excitability at the last stimulation time.

According to Kerr (1978) volitional corrections apessible if movement takes more
than 100 — 200 ms. Because the ground contactogf jdimp lasts about 200 ms it is
reasonable to assume that pre-programmed activiaiismajor influence on drop jump
and Horita et al. (2002) have made the same asgampts only the first 120 ms after
the ground contact are analyzed the results shieplgsent the pre-programmed part of

motor control in drop jump.

There was significant increase in TMS ceiling efffeantrol MEP values compared to
control trials during the drop jump trials. Becaukere is an increase in MEP value
after drop jump trials it can be assumed that theas no ceiling effect, which would

have led to underestimation of corticospinal exulity.



25

It is assumed that there was no significant neargbhysiological fatigue induced in
light of results by Dyhre-Poulsen et al. (1991) wised even higher amount of drop
jumps and higher drop heights in single session @mbrted no deterioration of

performance.

During dynamic movement it is possible that periphelectrical stimulation intensity
changes due to relative electrode movement. Instoidy the stimulation intensity was
controlled with M-wave measurements. Although theses an apparent stimulation
intensity drop at stimulation time 4 and 5 compareaontrol value, it could not be
accounted for because the H/M-excitability curveswiat measured during all parts of
the jump cycle for practical reasons. It could bduted that the intensity of stimulation
was likely at the descending side of the H-reflexcitability curve with higher
stimulation intensity, which is in accordance witle results of Crone et al. (1991). This
deduction is of little practical value since thevéy stimulation intensity was probably
on the ascending side of the H-reflex excitabitityve. As it is known that the form of
the H-reflex excitability curve is that of an inted parabola it is impossible to make
any assumptions of the dependency of the H-refleksdimulation intensity without a
third stimulation intensity and H-reflex value fraime same stimulation site in order to
construct a hypothetical H-reflex excitability canto account for the stimulation

intensity drop.

Dyhre-Poulsen et al (1991) discovered that electagraphic pattern and H-relfex
excitability is adapted for different kinds of jusipThey also discovered that skilled
jumpers were able to reproduce jumps so that th&sEdMttern remained the same
between the jumps. This seems to be in line wighlthv standard deviation of ground
reaction force measured in this study and it canagsumed that the subjects had
sufficient jumping abilities to produce highly ideal jumps with highly identical

excitability changes of corticospinal system.

The background EMG patterns of this study were Ipastline with the results of
Dyhre-Poulsen et al (1991). The EMG patterns oéssl gastrocnemius lateralis and
medialis were quite similar in shape as discoveled by Dyhre-Poulsen et al (1991).

However the preactivation of gastrocnemius musstesned to be higher compared to
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soleus prior to ground contact, which was couplésb @an the MEP results. This
difference could be due to much lower drop heighthis experiment, which would
require different kinds of stiffness propertiesward the ankle joint and different kinds
of angle changes around the knee joint. Since @asmii are biarticulate muscles the

difference of drop heights could explain the difietractivation patterns.

For the purposes of simplicity only the RMS valwese considered in discussion. The
correlation between RMS and AMP values was sigaifidiowever the correlation was
only 0.572 which could have resulted in conflictingsults. The RMS values was
chosen to be presented as results according t® I€teal. (1995) who suggested that
MEP area corresponds more to the muscle twitch &P amplitude does and

therefore is more accurate measurement of the Tédfonse.

In conclusion, the results indicate that the rolemmtor cortex in drop jumps is to
initiate the muscle activation prior to the begmmbf ground contact and to continue to
produce activity after that. From the results iteldent that preactivation level is
controlled from supraspinal, possibly cortical, dev It seems that the motor
programming of drop jump takes reflex activity imocount as indicated by lowering of
cortical excitability during the pre movement stlggeriod. The muscle activation is
initiated with cortical drive after which the spirdrive is accounted for by lowering

cortical excitability level.
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