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Acutedfectsof whalebody vibr ation on functional capabilitiesof skdetal musde

L osefectosagudosdelavibracion cor por al total sobr elascapacidadesfuncionalesdd misculoesqueético
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Abdtract. The focus of this research was to evauate the effect whole body vibration (WBV) on measures of muscular contractile function. In addition,
this research was conducted to compare the effects of WBV on athletes versus non-athletes. Nineteen mae, non-athlete college students, as well as
eighteen male Division | collegiate athletes participated in this research. All participants completed 2 conditions, vibration and no vibration, in a
randomized order. Participants were exposed to either a 2-minute bout of vibration or a 2-minute no vibration condition. Immediately following both
conditions, participants were tested for pesk vertical jump height, isokinetic pesk torque and average power of knee extensors and flexors, and
anaerobic power during a 30-second maximal effort cycle task. Results showed a significant improvement in knee flexion pesk torque at 6.28
rad-sec? in the athlete group following the vibration condition. Results aso showed a trend toward a significant improvement in knee extensor and knee
flexor average power a 6.28 radxsec! in the athlete group following the vibration condition. There were no significant changes in any isokinetic
measure for the non-athlete group. There were no significant changes in vertical jump or anaerobic power for either group. This may be due in part to
the complexity of the dose-response relaionship, which is largely dictated by the parameters of vibration frequency, amplitude, and duration. However,
previous studies have found postive results using Smilar protocols as the present study. Practically spesking, the use of WBV prior to exercise may result
in facilitated contractile and athletic performance. Consequently, this study sought to describe the impact of using WBV prior to exercise on muscle
function.
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Resumen. El objetivo de esta investigacion fue evaluar € efecto de la vibracion de cuerpo entero (WBV) sobre pardmetros de la funcidn contractil
muscular. Ademés, esta investigecion se redlizé para comparar los efectos de la WBV en atletas en comparacion con no atletas. Diecinueve hombres,
estudiantes universitarios no deportistas, asi como 18 hombres, atletas de Division | universitaria participaron en esta investigacion. Todos los
participantes completaron dos condiciones en orden aesatorio: la vibracion y la ausencia de vibracion. Los participantes fueron expuestos a 2 min de
vibracién o una condicion de no vibracion por dos minutos. Inmediatamente después de ambas condiciones, a los participantes se les midio la dtura pico
de sdto vertica, d torque pico isocinético, la potencia media de extensores y flexores de la rodillay la potencia anaerébica durante una tarea de ciclo
de esfuerzo méximo 30 s. Los resultados muestran una mejoria significativa en € torque pico de larodilla a 6.28 rad-sec* en € grupo de deportistas luego
de la condicion de vibracion. Los resultados también muestran una tendencia hacia un aumento significativo en la potencia promedio de los flexores y
extensores de la rodilla a 6.28 rad-sec en @ grupo de deportistas luego de la condicion de vibracion. No hubo cambios sgnificativos en las variables
isocinéticas en d grupo de no aletas. Tampoco hubo cambios sSgnificativos en @ sdto vertica ni en la potencia anaerdbica en ambos grupos. Esto puede
explicarse en parte a la complejidad de la rdlacion de dosisrespuesta, la cud estd ampliamente determinada por los parametros de frecuencia, amplitud
y duracion de la vibracion. Sin embargo, estudios previos han encontrado resultados positivos utilizando protocolos similares a los del presente estudio.
En términos précticos, e uso de WBV antes del gercicio puede resultar en una mejor contractilidad y rendimiento deportivo. En consecuencia, este
estudio tratd de describir € impacto del uso de WBYV antes ddl gercicio en la funcion muscular.
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Introduction Stannard (2005) examined the acute effects of WBV on arm

countermovement vertical jump (ACMV.J), flexibility, and grip strength.
Thisstudy compared theeffectsof aWBV tothet of sationary cycling
and a non-vibrating control condition. A positive condition*time
interaction wasfound for ACMV Jaswel| asflexibility withthe WBV
conditiondlicitingasuperior responsefor ACMV Jand flexihbility. Given
theseimprovementsin ACMV Jand flexibility, theresearcherssuggest
that WBYV may bean effectivemeansof warming up. Inasimilar study
of potentiadl warm up moddlities, Cochrane et d. (2008) compared the
effects of WBV to dtationary cycling and a hot water bath passve
warm-up. All threeinterventionsshowed asgnificantincreasein CMVJ
pesk power and height, but WBV increased temperature of the leg
muscles more rapidly than the cycling or hot weter bath. Because of
this, the researchers again noted the potentia for WBV to beused asa
warmup prior toathletic competition. Muchliketheresultsof Cochrane
and Stannard (2005) and Cochrane et d. (2008), Cormie et d. (2006)
aso found WBYV to improve CMVJin moderately resstance trained
maes

Concomitant with theimportance of performance enhancementis

Inathletics, theareaof performanceenhancement isever expanding.
One category in particular thet receives agreat ded of interest in the
literatureisergogenicads Ergogenicadsareexternd influencesthat are
usedinan attempt toimprove performance. Theseincludemechanicd,
pharmacologicd, psychological, physiologica, and nutritiona aids.
Whole body vibration (WBV) is atechnology thet has recently been
investigated asamechanicd ergogenicdevice WBYV hasbeengtudiedin
both chronic and acute settings, with acute gpplications being more
geared toward the enhancement of muscular performance. While the
focusof the current study ison the acute effectsof WBYV, it should also
benoted that there hasbeen significant researchinvestigating prolonged
WBY use These studies have examined various age groups and have
found WBY to have positiveeffectson muscle strengthening, balance,
andbonedensty (Bogaertsetd., 2007; Jordanet d., 20109, Verschueren
etd., 2006).

Acute gpplications of WBV have been shown to be successful in
improving muscular performance (Bosco &t d., 2000; Cochrane &

Stannard, 2005; Cochraneet d., 2008; Cormieet d., 2006; Gerodimes
etd., 2010; McBrideet d., 2010). Sudieshave shownthat acuteuse of
WBY can haveapositiveeffect on vertica jump, isometric squat pesk
force, muscle twitch torque, maximal voluntary contraction, peak
isometric torque, neurond excitability, neuromuscular response, and
hormone release. The acute hormona changes seen following WBV
may servetofedilitatetraining-related fithessgains.

In a study of dite femde field hockey players, Cochrane and
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thenecessity to understand the neuromuscular effectsof WBV. Inorder
toshedlight onthisarea, Boscoet d. (2000) measured averagevel ocity,
acceleration, averageforce, and power during aleg pressexercise. The
researchers posited that neuromuscular activation caused by WBV
might lead toimproved neuromuscular function. Theresultsshowed a
sgnificantincreasein power output of theleg extensor muscles, aswell
asadggnificant increasein ACMV Jfollowing WBV. The reseerchers
atributed theseresultstoapotentia increaseinneuromuscular efficiency
duetothe WBV. Inard ated sudy, McBrideet d. (2010) doinvestigated
theneuromuscular responsefollowing about of WBV. Theresearchers
found that the WBV group significantly increased pesk force during
maximal voluntary contraction of kneeextensorsby 9.4%immediately
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post and 10.4% eight minutes post vibration. The findings of these
studies support the hypothesis that WBV positively impacts
neuromuscular function of thelower limb.

Because it isanew ergogenic moddity, thereisaneed to explore
and further darify the gppropriate dosing for WBV. To ducidate the
relationship between WBV duration and effect, Stewart et d. (2009)
investigated the impact of vibration duration on the effectiveness of
WBYV. Participants were pre-tested for peak and mean torque of the
kneeextensor musdes. All subjectsthen completed threesessionslagting
2,4, and 6 minutes, whichwereadminigtered inaba anced, randomized
order. Pesk and mean torque were recorded during three maximal 2-
second contractions. The datashowed thet only the2-minutevibration
protocol led to significantimprovement in peek and meantorque. Both
the 4-minute and 6-minute protocol s had asgnificant, negative effect
on torque output. Given these results it is evident that contractile
function can beimproved by WBY, but optima WBY duration hesyet
to be established.

Despitethe prevaence of positiveresults, thefindingsinregard to
the acute effect of WBV on muscular performance have been
inconsgstent. Studies have found that exposure to WBYV does not
necessarily improvemuscular performance, andin somecasescaneven
produce asignificant decreasein knee extensor and kneeflexor MVC
(deRuiter etd., 2003; Erskineet d., 2007; Jordan et d., 2010). Studies
using Smilar measures have shown very different outcomes, and it is
not presently gpparent why thisis. It is clear thet thisis an area that
warrantscontinued investigation given thenumber of udiesthat have
found positiveresults. Therefore, the purpose of thisinvestigation was
todescribetheeffectsof WBV onmuscleperformanceamong collegiate
athletes and non-athletes.

Methods

Experimental Approach totheProblem

This study was a repested measures design, with the condition
being administered in arandomized and counterbalanced fashion. The
study protocol required participants to complete two sessions, onefor
each condition. The two conditions were vibration and control. The
protocol was identica for both conditions with the only difference
being whether or not vibration was administered. The order of the
performance testswas identica for dl participants and sessons. The
test order was designed to minimizetheimpact onetest might haveon
another.

Subjects

Nineteen, non-athletecollegemen, sswell as, 18 Divison| collegiate
athletemen agreedto participateinthisstudy. SeeTable1 for descriptive
information concerning the sample. The non-ethlete participants were
recregtionally active, but were not participating in any competitive
sports. Beforetesting, dl participantssigned aninformed consent form
that was gpproved by the University's Inditutional Review Board
prior to participation in the study. Participants &l So received a twenty-
dollar gift card as compensation for their participation.

Table 1.
Participant Char acteristics (Means+ Sandard Deviation)
Athete (n =18) Nonathlete (n= 19)
Age (years) 19.8+28 212+19
Height (cm) 1864 +8.4 1787+ 9.2
Weight (kg) 97.7+21.1 02 +14.1
Percent body fa 16.8+ 6.5 132+ 60
BMI (kg/mR) 28.0+54 248+ 27
Measures

Avertical jump test wasused asafunctiona measureof anaerobic
power. Datawas collected using aJust umpvertica jump testing mat
(Probatics, Inc. Huntsville, Alabama). Participants stepped onto the
mat and wereingructed tojump ashigh asthey could whenever ready.
Threemeasurementsof maxima jump height wererecorded. Thecon-
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trol modulefor themat recordscontact timebetweenliftoff and landing,
and usesthistimein air to caculate height jumped. Leard et d. (2007)
found the Just Jump timing system to be a valid messure of vertical
jump when compared with a three-camera system (r = 0.967, p <
0.001).

The Biodex™ System 2 Isokinetic Dynamometer was used to
measurepesk torqueand average power, which aremeasuresof skeletal
muscle contractilefunction. In anisokinetic assessment the participant
gives maxima force againgt adevice that limitsthe speed a which a
movement can be performed. The six gpeeds used in thistesting were
1.05,2.09, 3.14, 4.19, 5.24, and 6.28 radians - sec™. Three repetitions
were performed a each speed.

TheWingateanaerobic cydetest wasd so usedto messureanaerobic
power aswell as anaerobic capacity. Thistest required the participant
to pedd agtationary bikefor thirty secondsat maxima effort against a
resistance defined as 7.5% of the participant’s bodyweight. This test
measured pesk power and power drop.

Apparatus

Thevibration platform used in thisstudy wasaNitroFit Deluxe™
mode (Medvibe LLC, Scottsdale, Arizona). Thisdevicevibratesina
sinusoidal manner, with the axis of rotation between the feet. For this
research, the platform generated vibrations a a 13 mm pesk-to-pesk
amplitude. Frequency was st a a 30 Hz level, which was found by
Cardinde, & Lim (2003) to be the frequency of vibration thet dicited
thegrestest EMG activation of thevagtuslaterdismusclewheninahalf
squat position.

Procedure

Upon arriving at the laboratory for their first session, participants
read and signed aninformed consent form. Participantsa so completed
aphysca activity questionnaire, which asked them to report about
their current, regular physicd activity habits(e.g. running, biking, weight
training etc.). Anthropometric measures of height, weight, body mass
index (BMI), and percent body fat were then recorded. Percent body
fat wasmeasured usng an Omron Body HBF-306C Body Fat Andyzer
(Omron, Kyoto, Japan). Participants were then subjected to either the
vibration or no vibration condition, with order dictated by random
assgnment.

The Vibration trestment protocol required participantsto stand on
avibration plaform (with thelr shoes off) a 120° of kneeflexionwhile
holding on to handles &ffixed to the vibration gpparatus. After two
minutes of vibration, participants were ingructed to put their shoes
back on and complete three vertical jumpsfor maxima height on the
Jugt Jumpvertica jumptestingmat (Probatics, Inc. Huntsville, Alabama).
Contractilefunctionof thekneeextensorsand flexorswasthen meesured
onaBiodex System 21 sokinetic dynamometer. Participantswereasked
to perform repetitions of maximal effort knee extenson and flexion at
sSx oeads: 1.05,2.09, 3.14,4.19,5.24, and 6.28radians - sect. Order of
peadswasrandomly assigned for each participantin order todiminate
any potential ordering effect. For each trid, participants were told to
put their amsacrosstheir chest asto not brace against themachineand
tobeginwiththeir leginaflexed postion. They weretheningructedto
beginwhen givenaverbd signd of «3, 2, 1, Go» from thetester and to
stopwhengivenaverba signd of «relax». Oneminuteof rest wasgiven
between each of thesix trials.

After completing measures on the Biodex, participantswerethen
askedto completea30-second Wingateanaerobic cycdletest. Participants
thenreturned tothelab nolessthan 48 hourslater to completethe other
protocol (vibration or no trestment). Sess onswere scheduled such thet
each one took place at a Smilar time of day to account for diurna
varigions.

Satigtical Analyses

Comparisons between the vibration and no vibration condition
were made using a Repeated Measures Generd Linear Modd (RM
GLM).A dgnificanceleve of p<0.05wassdected apriori.
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Results

Vertical Jump

ResultsfromtheRM GLM did not reved asignificant conditionor
group* conditioninteractionfor either maxima vertica jumpor average
verticd jump (dl p's>.05).

| sokinetic Peak Torque

ResultsfromtheRM GLM did not reved asignificant conditionor
group* conditioninteraction for isokinetic pesk torqueof kneeextensors
at 1.05,2.09,3.14,4.19,5.24 or 6.28 radians - sect (dl p's>.05). See
Figure 1 for results.
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Figure 1. Knee extension peak torque
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Figure 2. Knee flexi on peak torque

ResultsfromtheRM GLM did not reved asignificant conditionor
group* conditioninteractionfor isokinetic pesk torqueof kneeflexorsat
1.05,2.09,3.14,4.19, or 5.24radians - sec? (dl p's>.05). However, at
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Figure 3. Knee extens on average power
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6.28radians - sectasgnificant condition* group interaction wasfound
(p=.003). SeeFigure 2 for reauts.

| sokinetic Average Power

ResultsfromtheRM GLM did not reved asignificant conditionor
group* condition interaction for isokinetic average power for knee
extensorsat 1.05,2.09, 3.14,4.19, 5.24, or 6.28 radians - sec* (dl p's>
.05). However, a 6.28 radians - sec* atrend for significancewasfound
for the group* condition interaction (p=.059). See Figure 3for results.

ResultsfromtheRM GLM did not reved asignificant conditionor
group* condiitioninteractionfor isokineticaveragepower for kneeflexors
a 105, 2.09, 3.14, 4.19, 5.24, or 6.28 radians - sect (dl p's > .05).
However, a 6.28 radians - sec! atrend for Significance wasfound for
the group* condition interaction (p=.072). See Figure 4 for results.

[
-3
o

N

e

§ 150 ENon-Athletes
<125 VIB

5 ONon-Athletes
g 100 CTL

[ Athletes VIB

3
[

m Athletes CTL

1,05 2,09 314 419 524 6,28
Speed (rad+sec!)
Figure4. Kneeflexion average power

Wingate

ResultsfromtheRM GLM did not reved asignificant conditionor
group* conditioninteraction for peek power for theWingatetest (Al p's
>.05).

Discussion

This research sought to describe the acute effects of WBV on
messuresof muscular performance. Whileresearch comparingtheeffects
of WBV on athletes and non-athletes is limited, there have been a
number of gudiesshowing WBY to besuccessful inimproving muscu-
lar performance (Boscoet ., 2000; Cochrane& Stannard, 2005; Cormie
et d., 2006; Gerodimas et d., 2010; McBride et d., 2010). It was
hypothesized that the athl eteswoul d have amore pronounced positive
response to the WBV than the non-athletes due to the differencesin
training history. Athletes often perform high-speed training in order to
smulatethe speadsa which they move during competition. Thistype
of training would cause the athletes to have different contractile
characterigticsthan thosein the non-athlete group, which might affect
the response to WBV.

Thisstudy found no changesin pesk vertica jump height or avera:
ge vertical jump height associated with acute WBYV use. Theseresults
support thefindings of Gerodimoset d. (2010), who looked at arange
of vibration frequencies and amplitudes and found no improvement in
vertical jump. However, thisisin contrast to previous studies, which
havefound WBYV toincressevertica jump (Boscoetd., 2000; Cochrane
et d., 2008; Cormie et d., 2006). The present study adso found no
changesinWingatetest performance. Theseresultssupport thefindings
of Cochraneet d. (2008) who found no significant differencesin pesk
power for the five-sacond maxima cycle test following WBV. The
researchers hypothesized that the warming produced by WBV may
not have been enough to produce positivechangesinamaximal cycling
effort. If temperature increase is the primary mechanism by which
maximal cyclingwould beaffected, then thiscurrent research may not
have dicited enough of atemperature increaseto seeimprovement in
the Wingate test.
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Another possible explanaion as to why no effect was seen in
verticd jump and Wingate tests may be due to inadequate stimulation
of pogt activation potentiation. As stated by Bazett-Jones, Finch, and
Dugan (2008), for post activation potentiation to occur following
contractile activity there must be anet balancein favor of actionsthat
cause potentiation rather than those that cause fatigue. It may be the
caxethat asmall adjustment tovibration parameterscanleadtoentirely
different results. There have not yet been enough studies conducted to
fully understand the relationships of these parameters.

The present study found a Significant group* condition effect for
kneeflexion pesk torqueat 6.28 radians-sec™. Thissupportstheresults
of McBrideet d. (2010), who found that WBV sgnificantly increased
peek forceduring MV C of thetricepssurae musclecomplex. Whilenot
the same muscle group, these results show that WBV can acutely
enhancecontractilefunction of leg musclesduring maximd efforts.

At6.28radians sec?, athletesin the present study performed better
in measures of kneeflexion peek torquefollowing acute WBV. At this
spead, it is not surprising that the athletes responded better then the
non-athletes Thetraining programsof athl etesoften requirehigh-speed
movementsand rapid muscle contractions. Thismay primethe neurd
connectionsto respond more positively to the high-speed contractions
induced by WBV. It has been hypothesized that the rgpid muscle
contractionsinduced by WBV may affect theinterneuronswithin the
spind cord, leading to reciprocal inhibition (Norlund & Thorstensson,
2007). Thisinhibition of antagonistic muscles may dlow for grester
maximal contraction a higher speeds. However, it is not currently
knownif past training history affectsthismechanism. Itispossiblethat
training may haveasignificantimpactinthisarea

The present study also found a trend toward a significant
group* condition interaction for knee extenson average power & 6.28
radianssec?. This result supports the findings of Bosco et d. (2000)
whose results showed asgnificant increasein power output of theleg
extensor muscles during maximal dynamic leg presses. Thevibration
parametersin thet study were set to 26 Hz frequency and 8 mm pesk-
to-pesk amplitude, whichweresmilar to the parametersof the present
study. However, Boscoet d. (2000) utilized a10-minute non-continuous
total vibration duration, while the present study used a 2-minute
continuoustotda duration. Although both studiesshowed improvement
in power output of theleg extensorsafter acute WBYV, theresultsof the
present study suggest that benefitsmay behad at much shorter durations
relativeto thefindingsof previousresearch.

Two key limitationsshould betakeninto account wheninterpreting
the results of the present study. Firstly, many of the athletes that
participated in this research were freshman footbdl players. Thisis
somewhat problemeatic becausethey potentiadly camefromvery different
high schooal training programs. It would have been beneficid to havea
magjority of upperclassmen participants, asit would ensurethet dl the
subjects had participated in the same training program prior to this
research. Secondly, our athlete group wasa so disproportionately made
up of footbal players. It is possble that athletes of other sports may
haveresponded differently tothevibration. Having afairly homogenous
athlete group mekes it difficult to generdize these results to other
gports, and aso callsfor further research to be conducted on athletes of
various sports.

Currently, thereareanumber of unanswered questionssurrounding
theuseof WBYV asamechanica ergogenic. To better understand WBV
and itspotentia for performance enhancement, future reseerch should
continueto shed light ontheeffectsof protocol variation. Theeffectsof
frequency, duration and amplitude need to be exhaustively researched
in order to have amore comprehensive understanding of the possible
impact of WBV as a mechanica ergogenic. There are numerous
combingtions of these parameters, and the potentia for significantly
different effects. If it can be determined which parameters are most
efficient at diciting beneficid muscle activation, it would make the
reproducibility of resultsmuch easier. At thisstage of theresearchiitis
difficult to makedefinitiveconclusionsabout theeffectivenessof WBV
given how much hasyet to be explored.
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The findings of this study may have important implications in
regardto preparationfor athleticevents Inathleticcompetition, aneerobic
power and high-gpeed movements, such assprinting, areoften of utmost
importance. Nesser, Latin, Berg, and Prentice(1996) found kneeflexion
pesk torque at 7.85 radians-sec? to be a significant predictor of 40-
meter rinttime. It wasa so noted that hamstring srengthisparticularly
important inthe accel eration phase of rint performance. Thisfinding
lends support to theideathat improving high-gpeed force output of the
hamstringmusdlescouldlead toimproved sprint performance. Newman,
Tarpenning, and Marino (2004) dso found that Sngle-sprint perfor-
manceto be correlated with both kneeflexor and extensor pesk torque
a 1.05, 2.62, and 4.19 radianssec. Because hamstring strength is
integra to sprint performance, it would not be surprising to see WBV
mediated improvements in hamstring force output lead to improved
sprint speed. In addition to use as a pre-competition ad, WBYV could
potentialy be used as a pre-training aid in order to accrue long-term
benefits due to acute enhancements that improve individua training
sLssons,
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