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ABSTRACT

Whole bodyvibration training(WBVT) has gained ot of interest for its proposedatnefits
acrossa range of populations bo#ttiveand injured The purpose of the present thesis was
to test the efficacpf WBVT in terms ofinjury rehabilitation and performance enhancement
amongst professional and amatatirietesThe five papers suittedfor the degree of PhD
by publicationare grouped into tavkey themes relevant to the development of knowledge
and evidence to advance a better understanding of theicland acute effects WWBVT.

The themes encompaise efficacy of WBVT (Chronic)as a rehabilitation tool arak an
addition to a warrup routine (acute).The explanatory narrative provides a brief background
to WBVT, a summary of each paper andawthe paper has contributedthe fidd both in
terms ofknowledge and methodological developmditite papers presented provide
evidence that alonic WBVT isaneffective method of improvingalance and stability in
athletes suffering functional ankle instability (FAI) (PaperEMen when compared to
traditional methods of rehabilitation for FAI, the addition of WB#&fThance the benefits of
tradtional rehabilitation protocoléPaper 2. The use of acute WBV&nhancsreactive
strength, again showingsagnificantbenefit asanaddition to a more traditional warap
(FIFA 11+) amongsamateur soccer playefBaper 3. When training statugas considered
(amateuws professional)high frequencyacute WBVT stimulusignificantlyimproved
landing stability (DPSIamongst professional players only (Papeifesedifferences
between groupwerealso identifiedvhen examinindgnee extensqguotentiationand force
outputwith significant improvements amongstofessonal but notamateuisoccer players.
Professional players also reported significantly greater beliefs in the effective NéBY/of
(Paper 5)In conclusion lhe body of workpresentedliscusesthe practicabnd
methodological implications of the new knowledge presenteddemtifiesa sries of future

lines of research
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Chapter Onei Introduction to narrative

This submission for PhD by publication has investigatexuse of whole body vibration
training(WBVT) as a rehabilitation to@mongst athletes suffering functional ankle
instability (FAI) andas anacute performance eahcemenintervention in

professionahnd amateusoccelplayersusing a series of randased control trials (RCT)
(Figure 1) Foreach of these papers | wiae lead author, preparing the first and subsequent
draftsof the papers, developing the original research id$ming the research question,
developing an appropriateethoalogy, collecting the datand performing the analysis

beingreported within the paper (sé@pendix6 for co-author signatures confirming this).

The first two papers of the PhD examined chrgsix weeksWBVT and its efect on
balancen a balance deficit (FAIpopulation in particular the additional benefit it can
provide to traditionatehabilitation exercises alonehe methodological theme of the
narrative looked to compare WBVT against sham conditfexsrcises in the absence of
WBVT) instead of a passive contrebmething recommend in the research to help in the
critical evaluatiorof WBVT protocols(Colsonet al, 2009. Paper 1(Cloaket al, 2010
investigatedhe effect ofasix weekWBVT interventionon improvements in static and
dynamic balance amabstural fatigue amongst athletes suffeifg. The main outcome of
this study vasa significant improvement in static angndmic balance amongst the WBVT
group. One question raised thys paper washether the addition of a vibration stimulus to
traditional FAI rehabilitation protocols would haway additional benefits fomprovements
in balanceand muscle functianThis was the focus d?aper 2(Cloaket al, 2013 wherea
combination oMWBVT stimulus and traditional wobble board trainimgs comparedgainst
wobble board training alorie improving static and dynamic balan@oaket al, 2013.

The participantsvereexposedo thecombinedWBVT and wobbléoard training had a
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significant improvement istatic and dynamic balance compatedvobble board training

alone.

The subsequent 3 papersaminedhe acute effects of WBVT on performance enhancement.
The basis for this was the increasing numbers of reseaeskarsningthe acute application

of WBVT for subsequent athletic performance enhanceg@athrane, 2011&damset al,
2009 Bullock et al, 2008 McBride et al, 201Q Cochrane, 2003The majority ofresearch
examiningacute WBVT haexaminedhe responsm untrainedparticipantfAdamset al,

2009 Cochraneet al, 201Q Fernandest al, 2013 McBride et al, 2019 Nordlund and
Thorstensson, 20QPollocket al, 2012 Ritzmannet al, 2011). Accordingly, the response

of professional/elite athletés WBVT requiresfurther investigation sincthis will typically

be the population who use such instrumentation due to cost and availability.

Paper 3(Cloaket al, 20143 wasaninitial investigation intovhetherthe addition ofan

acute bout oWBVT stimulusto a weltestablished warmip (FIFA 11+)wouldimprove
performancen healthy collegiatsoccer playeréCloaket al, 20144. The resultsndicated
thatthecombination of WBVTand theFIFA 11+warmup significantlyimproved reactive
strength indice$RSI) compared tdhewarm-up alone though neither intervention had any
effect onagility scores The paper discussélue possible benefithe addition of acute

WBVT may havewithin a warmup routing in particular the possible neuromuscular benefits

thatare associated wittharacteristics of an effective waiup.



Linked toperformance enhancement are landing mechamidsany addition to a warop
routine precompetition should aim to improve performance dadreaséatigue/injury risk.
Paper 4(Cloaket al, 20140 comparedhe effecs of anacuteWBVT stimulus on landing
mechanicand included a comparistretween pradssional and amateur soccer play@étse
main findings of the paper were th&BVT significantly improved dynamic stability on
landingamongst professional soccer playansl had a negativimpactin the amateur
players. Thdindingssuggestdthat the high vibration frequency and load may be sufficient
to produce a positive neuromuscular response in highly trained athletes but magieatoo
a stimulus and therefore detrimentabmateur athlete€loaket al, 2014F). As previously
reportedorofessionaklite and amateur athletes respond differently to WB@3awa and
Oguma, 2013Ronnestad, 20Q%ssurin and Tenenbaum, 199%he exact reasons for these

neuromusculadifferencesetween the two groupsquired further investigation.

The final paperPaper5 (Cloaket al, 2016, was annterdisciplinary papeinvestigatingthe
observed differences between professional and ansdeoer playerasing an electro
stimulation protocol to assefksce output posactivation potentiation (PAP) anabluntary
motor unit recruitment amongst paipants. Tle studyalso examined the participant
perceived benefit of using acutéBVT; akey componento compliance with any
interventionin athletepopulationgSoligardet al, 201Q. The resultglemonstratedn
improvement irforce output andpostactivationpotentiationin professional players
compared t@amateumplayers It wasspeculatd thatthis may be mediatedybnitial starting
strength levelsWhat is clear is that theffectivenes®f anacute WBVT protocol would
appear to be one thatnsediated bytraining status (professionas amateur)in particular
the level ofmuscularstrengthseems to impact upghysiological indicess well as beliefs

on the value of acute WB\VT
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Papers

Rationale for progression

Theme

Paper 1: Vibration training improves balance in
unstable ankles.

“5ix weeks WBVT improves static and dynamic balance
amongst dancers suffering FAI".

Paper 2: Six-week combined vibration and wobble board
training improves balance in soccer players with functional
ankle instability.

“Six weeks combined vibration and wobble board
rehabilitation appear to improve static and dynamic
balance as well as power in comparison to wobble board

training alone"

How does chronic WBWVT
compare to traditional
rehabilitation methods
for FAI?

Paper 3: The acute effects of vibration stimulus following
FIFA 11+ on agility and reactive strength in collegiate soccer
players.

“Acute WBVT as an addition to FIFA 11+ warm up improves
Rl but not agility in amateur football players”.

The chronic effects
would appear to impact
on not only balance but
power [triple hop) and
acute WBVT increasing
popularity as a warm up
madality. This would
appear to have scope
again as an addition to a
maore traditional
preparation method
(FIFA 11+) .

IAGM 31UoJdy3

Paper 4: The acute effects of vibration training on balance
and stability amongst soocer players.

“Acute WBENT improves DPSl amongst elite football players
and not amateur football players”

Acute WBVT shows
some possible scope as a
warm up/re-warm
strategy. More research
is required on how elite
athletes respond as
these will be most likely
to use it. Also does it
impact upon dynamic
balance across different

Eroups.

Paper 5: Professional soccer player neuromusoular
responses and perceptions to acute whole body vibration

differ from amateur counterparts

“Acute WBNVT improves knee extensor peak isometric force
and PAP amongst professional players compared to
amateur. Professional’s also perceive the intervention as
beneficial. This appears to be mediated by initial starting
strength.”

What are the direct
neurcmuscular
differences between
elite and amateur
responses to acute
WEBNVT? Also as an acute
intervention do the
participants perceive it
to be beneficial.

1AGM 21Ny

Figure 1. Synopsis of PhD by publication
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1.1Whole body vibration training (WBVT)

The scientific papergresented in this thesis o€ upon the effect of WBVih a range of
settingsand participantg-irstly asarehabilitationtool, andthenasanacuteaddition toa
structuredvarmup. The body of work examineaxploressome of the astemporary

guestions raised around the w$&V/BVT and each study presertsnique methodology to
help answer thesguestionsDuring the course of work each study identified a future line of
research which the proceeding staiyedto investigateThereforethe sudies submitted

for this PhD demonstratebody of work thaadvanceshe knowledge around the use and

efficacy of WBVT.

Vibration trainingover the past decade has becomaareasingly popular trainingnethod
amongsbothprofessionaklite athletesand the general publigith both chronic and acute
environmentsThe notion that vibration can be beneficiahisew concept to somas it has
previouslybeen associatealith circulatory,neurologicaland jointdamage associated with
occupationbexposurgRittweger, 2010Griffin, 1997). Initial research into the positive
effects of vibration training withreoscillatingbed,examinedcounteractinghe effect of
immobilisationsfollowing best rest ometabolic and physiological functigioscaniet al,
1949 Sanders, 1936 The worls of Nazarov and Spivakl987) andlssurinet al. (1994
weresomeof the first toconsider the use of vibration trainimgathletesas a means of
improvingstrength andlexibility . It was reported that short bursts of superimposed vibration
alongside traditional resistance exercise impdasteesngth and flexibility compared to
traditonal resistancexercise alon@ssurinet al, 1994. Rittweger(2010 recanisedthat
these initial studies led #nincreasingnterestin the areand the potatial for the WBVT to

be usedisatrainingmodalityacross aange of applied settings. With key authenserging
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in the field(Boscoet al, 1999h Cardinale and Bosco, 2003ochraneet al,, 2004 Issurin
and Tenenbaum, 199Rittwegeret al, 2003, in combination wth a growing cormercial
interest in the devices, there has baaubstantiajrowthin research investigating WBVT

applications and benefits

Vibration is a mechanical oscillatione. a periodic alteration of force, acceleration and
displacement over time. Vibration exercise, in a physical sense, is a forced oscillation, where
energy is transferred from @iactuatoo (i.e. the vibration device) to @esonatob (i.e. the
human body)Rittweger, 201D The amplitude is determined by tbscillatory motion
(peak to peak displacemeantmm) of thedevice andthe repetition rate of thabration
cycles denotes the frequency of vibration (measured in Heig)re 2 (Cardinale and
Bosco, 2008 During vibration exercise, theuman body is acceleratedhieh causesa
reactive forcelmportant/, the peak acceleration sinusoidal oscillatiots as a result of the
frequency(Hz) x Peak displacement (mmof)the vibration platforn{Table 1)(Rauchet al,
2010. The pringple upon which it works lies withifhl e wt setdndaw of motion (force=
mass X acceleration) and by either applying more Ifvesightsetc) or more acceleration
(altering frequency or peak to peak displacemi¢iig)possible talter forces acting on the
body (SaCaputoet al, 2015. Vibration exercise is mostlgractisedas whole body
vibration,i.e. while standingon oscillating platforms, rather than locally applied to the

muscle itsel{Rittweger, 201}
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Figure 2: A plot of displacement against time in sinusoidal vibration. The definitions of the
terms amplitude (A), peato-peak displacement (D) and period duration (T) are given in
Table 1. The frequency (f) corresponding to the period duration is equal ta: T fHasset

al., 2010.

Table 1: Terms used to describe sinusoidal vibratiBauchet al, 2010

Unit Definition Symbol Formula
Period duration s Duration of one oscillation cycle T
Frequency Hz,s! Repetition rate of the cycles of f f=1T
oscillation
Peak-to-Peak mm Displacement from the lowest to D D=ap,/(2x mx1{)
Displacement the highest point of the total
vibration excursion
Amplitude mm Maximal displacement from A A=D/2
equilibrium position
Peak Acceleration ms Maximal rate of change in Ap.ay Ap=2xmxfPxD
velocity during an oscillation Ap, =20x £ xD
cycle

Theneuraladaptations that occur from traditional resistance/power training have been

reported to beimilar to thosdrom WBVT (Boscoet al, 1999aBoscoet al, 1999h

Cardinale and Bosco, 2003ochrane, 2011&ochrane, 2011Rittweger, 2010Rittweger

et al, 2003. The human neuromuscular system is a specialised system which has the

14



capability to respond to a variety of stimuicreasing thdéorces (peak acceleration) acting
on the body has been suggested to promote madalgatiorand force geerating capacity
(Cardinale and Bosco, 2003 hemechanical action of vibration produces a cyclic transition
between involuntary eccentric and concentric muscle contragiittaeger, 201D

Vibration applied to the muscular tendon unit cawuapgl change ithelength of the muscle
tendon complexandelicits a tonicvibration response via the tonic vibration ref[@¥/R)
(Hagbarth and Eklund, 19%6This rapid cyclic transition between eccentric and concentric
contraction is seen to acutely enhance the efficiehtlyeoneuromuscular systefiienhard

et al, 20159. Neuronexcitability (monosynaptic and polysynaptic pathways) have also been
shown to mediate TVR which may lead to adaptatiomisclespindleefficacyand

adaptation tanechanoreceptors resulting in improvexiromusculaperformanceand

muscle coordinatiofLienhardet al, 2015¢ Rittweger, 2010Nordlund and Thorstensson,

2007).

Theneurologicaktimulation provided by WBVT has also been reported during tendon
stretchreflex investigationRittwegeret al. (2003 s u g g e smbtenéurods were
stimulated by WBVT, which in turn recruited higher threshold/larger motor unitslpaalia
reported increase in patellar tendon stretch refdRer chronic exposumdaptations
suggested are mechanical dampening leading to absooptmergy and therefore

generation oheat and increadanuscle temperatur@ittweger, 201D Evidence suggest

that muscle has such dampening propertiegsponse to vibration stimilivakelinget al,
2002 and muscle temperature has been associated with improvements in neuromuscular
power outpu{Cochraneet al, 2008. Also, fimuscletuningdis reported as thb o d gbdity

to increase musculactivity to reduce the effect of vibratiqiligg and Wakeling, 2001

The exact mdtanism of the tuningespons@emains unclear but would appearéty
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heavilyonmuscle spindleesponsgsensitivityof joint and skin receptors amauscletendon
stiffness(Cochrane, 201)bThe efficacy of such a tuning response may be metiiatehe
condition ofthe corresponding muscle. Previous research suggpstitiveneuromuscular
response to WBVTmay bedue to higher sensitivity afiuscle receptors and increased
central nervous system (CNS) resporeesociated with welrained paticipants(Issurin and

Tenenbaum, 1999

It is important to recognise thatmyefew prolongedWBVT exposure studies suggest
structuralchangesn the muscle size @rchitectureastheload is consideredb low and any
significanthypertrophyis deemedinlikely (Nordlund and Thorstensson, 20Q0IT is more
likely neural adaptationsccur, permitting gains in muscle strength and power in the absence
of increases in crossectional area of the musdas typically seem those new teesistance
training (Boscoet al, 19993. One reason whgtudiesexaminingchranic interventionscould
lead to mprovements in muscle functiomsCochrang20113 points outis if the individual
hasanexistingneuromusculadeficit such as balance or postiizelecluseet al, 2003
Moezyet al, 2008 Transet al, 2009 Reeset al, 2009 Melnyk et al, 2008 Bogaertst al,
2007h Torvinenet al, 2002 or amongsblder populationgBogaertset al, 2007a Reeset

al., 2009 . Amongst welltrained individualschronicWBVT exposure woul appear to have
little benefit(Nordlund and Thorstenssp200% and WBVT would appear to need to be in
combination with other traditional methodZardinale and ErskinR008 agree it is unlikely
thatchronic WBVT aloneusingthe currentlyavailablefrequency and amplitude settings on
commercial devicewould benefithealthyathletedo a greater d@ent than traditionally

periodigdresistance training methads
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The classic TVR theory is one that has been questioned oveiNondiund and
Thorstensson, 200.70riginal TVR theory wadased on vibratiostimuli supplieddirectly to
the musclgHagbarth and Eklund, 19%@ts applicability therefore tmdirect WBVT is
debatabléNordlund and Thorstensson, 200@owever that is not to say that thésno
musclespindle activity(Cochrane, 201)and EMG analysibas previously reported a high
level of vibration induced muscle stretch refleXBstzmannet al, 2010Q. The true extent to
which WBVT effects theneuromusculasystemcannoteasilybe assessed in termshafsic
electromyographyEMG) activity (Nordlund and Thorstesson, 200)fas problems have been
highlighted with the interference of motion arteféRitzmannet al, 2010. Many studies
examiningEMG activity assumeanincreasean signal is a reflection of neuromuscular
contributiondue tonot filtering motion artefact anithis leadgo large interstudy differences
(Fratiniet al, 2009h Fratini et al, 20093. A more pertinent quésn is how this vibration
induced stretcheflex relates tdunctionaloutcomedor sportsperformerausing WBVT
interventiongRitzmannet al, 2010 . Nordlund and Thorstenss¢®007) suggesdif the
neuromuscular effesbf WBVT is to be correctly ascertained there should be a difference in
voluntary and involuntary activation as assessed by interpolated twitch techifigudea of
nortneurogenic factors such as potentiation of muscle twitch force has been suggested
previouslyfollowing acute WBVT(Boscoet al, 200Q. Cochraneet d. (2010 identified that
over the course of an acute vibration stimulus it ismearogenic twitch potentiation that
inducedimprovements in power outpahd not neurogenic twitch potentiatiohhe success
of acute intervetions would therefore appear to be mediated by thelifitti@ss levels of
the participantand their ability to tolerateibrationload without the detrimental effects of
fatigue as reportebly other studiesxaminingmuscle potentiatio(Ebben, 2006Hodgsonet

al., 2005 Sale, 2002Seitzet al, 20149.
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Increasinglythe literature habegun toexaminethe acuteeffects of WBVT in a sporting
context either as part of a waiump or rewarmup strategy(Cochrane, 2013ullock et al,
2008 Cardinale and Lim, 20Q&ochraneet al, 201Q Da SilvaGrigolettoet al., 2009
Jordaret al, 201Q Lamontet al, 201Q McBride et al, 201Q Rittwegeret al, 2003
Ronnestad, 20Q0¥eunget al, 2014 Lovell et al, 2013l). One of theunanswered questions
in these studies whether thedditionof WBVT to analready well established warap
routine provides additiondlenefit Addressing thikey questions somethinghat wouldbe
particularlyrelevantfor applied practitioersin the field.Also, despite the volume of
research few studies haweestigategprofessionaklite sportpopulations, with a few notable
exceptiongBullock et al, 2008 Cochrane and Stannard, 200&spinaet al, 2013 Issurin
and Tenenbaum, 199Rovell et al, 2013h Ronnestad, 20Q9This is particularly relevant as
amateur angrofessionaklite athletedaveexhibiteddifferent responses to BWT, which
include power outpund flexibility (Ronnestad, 20Q®espinaet al, 2013 Issurin and

Tenenbaum, 1999

Baseline fitness levels of the participants would more than likely have mitigating effects on
the outcomeneasureemployedn WBVT studiesRiederet al (2015 discussed thias a
leading cause of inconsistenc&®ongst studieand remain®ne ofthe key criticisms of

WBVT researchThe acute effgs have been shown to be@verfultool in appliedsettings
howeverwith mixed resultsn various populationgne of the key questiorisr practitioners

is whethetthe additionof WBVT hasanadditional benefit tperformance. Acording to
Cardinale and ErskinR008, WBVT will never replacdraditionalrehabilitation methods or
warmup routine in athletic populationsDue to the expense and facility limitations it is
important to providempiricalevidence ofNBVT & additional beneft, as well as

identifying those populations who woutdost benefiand who also may have a deep rooted
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belief in their established practicé¥ith the increase in commercial availability and
literature reporting improvements in strength, power, flexibility and balg@Ritsveger,
2010, WBVT appeas to be a viable option for rehabilitation and preparation for
performance. The scope of the current papers presented in thisshesiwestigate some
of the key applied questions surrounding the use of WB\Athleticpopulations
(particularlysocce) thatcould help inform future practice and add to the growing body of

knowledge in the area.

Some key recurring themes continue to beschthroughout the WBVTiteraturewhich this
thesiswill look to investigate, genate new knowledgenddeveloptheories that will inform

future research and practical applications.

) Is chronic WBVT effective at improving balance and muscle function in
physically active populations suffering a functional deficit such asirfrAl
comparsonto an active control gro®p

i) Does WBVT stimulus provide any additional benefit in comparison to traditional
rehabilitation methods (wobble board) in injured populattons

iii) Does the addition of an acuféBVT to analready well established warap
routine provide any additional benedihdwhat are thesbenefit®

iv) Do professional/elite and amateur populations differ in their responses to acute

WBVT and what are the factors which may influence?his
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1.2 Chronic WBVT and rehabilitation

Paper1: Cloak, R., Nevill, A. M., Clarke, F., Day, S., & Wyon, M. A. (2010). Vibration
training improves balance in unstable anklegernational Journal of Sports Medicine,
31(12), pp.894-900

The purpose of thpaper 1 (Cloaket al, 2010 was to assegsbkeeffect ofasix week
progressive WBVTintervention incollegiatedancers suffering FAFunctional ankle

instability is a conditiortharacterised by repetitive episodesh&fanklei gi vi ng way o art
incidence of recuent ankle sprainélropp, 2002. While the cause of FAI remains unclear,

it has been suggested that both passive structures such as ligaments, articular sheace of t
ankle and neurological structur@®. supporting musculatur@re damaged at the time of an
ankle sprain contributintp recurrent instabily (PalmieriSmithet al, 2009. These
neurological impairments effepbstural contro{Arnold et al, 2009 Rosset al, 2009a

Seftonet al, 2009, dynamic balancéEechauteet al, 2009 McKeonet al, 2008 Wikstrom

et al, 2007 andcan contribute tonuscle fatigu€Gribble and Hertel, 20Q4#almiertSmith

et al, 2009 Powerset al, 2009. Functianalinsufficiencies if not treated can lead to

mechanical/structural insufficiencies and ultimately chronic ainkt&bility Figure 3
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Figure 3: Paradigm of mechanical and functional deficits that contribute to recurrent ankle
spraing(Hertel, 2002.

The rationale fothe study was developed framincreasing body of knowledge reporting
neuromuscular improvements froaMBVT (Boscoet al, 1999aCardinale and Bosco, 2003
Cochrane, 2011&ittweger, 2010Rittwegeret al, 2003 . More recentlythis had
encouragetheuseof WBVT as arehabilitationtool and method for improvingtability and
balancgMoezyet al, 2008 Transet al, 2009 Reeset al, 2009 Bogaertst al, 2007h
Torvinenet al, 2002. With the reported largeeuromusculadeficit associated with FAI
(PalmiertSmithet al, 2009 Arnold et al, 2009 Dochertyet al, 2005 Eechautest al, 2009
theinclusion of WBVTwould appeato warrant further investigatioilCardinaleand Erskine
(2008 reported thatconsidering theecent findingsn the literatureof WBVT, morestudies

wererequiredto evduate the possibility of using suchodalities in the rehabilitation of the
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most common athletic injuries of the lower limbkwever thereis alack of research

looking at physically activathleticpopulationan WBVT studieswith muchof the early
research focusing on elderly populatiamsehabilitation(Arnold et al, 2009. FAI is a
prevalentconditionamongst dance populatio(igiller et al, 2004 Weigert and Erickson,
2007 so any newneansof improving performanceutcomes and subsequémjury risk
reductionwarrantsnvestigation. Access to a population who place a high demand on balance
and postural control on landirf@hackeret al, 1999 providedanexcellert opportunityto
investigatethe effect of chronic WBVT on both dynamic and static balance measures
Function of thgperoneudongusmuscle grougwhich is suggested d&®ingcompromised in
those suffering FAlandis a possible reasdor subsequent repeated injury was also
investigated.This is parttularly prevalent among femalalket dancers due to the time they
spenden pointg(balancing on the tips of their toeshalletshoes) and can have an impact on
performance and career progresgiofioughlinet al, 2009. A rangeof dependent variables
wereidentified to assess both stadicd dynamic balance as well as muscle function,
something that was highlighted aseguirementn the areaf ankle instabilityresearch

(Rosset al, 2009h as well as providing a number of linespafssible futureenquiry.

The WBVT protocol consistedf two sessions per week oveprogressiveix week

protocol systematically increasirig both frequency and duration, and therefore overall load
(Rauchet al, 201Q. The protocol had the specific aim of focusing on lower body function
and maintained a very basic setafer limbexercises. Thenanipulationof the duration and
frequencyof the WBVT was done with the aim of proimg a progressive overload to
participantsThe results of the study showemnificantimprovementsn the StarExcursion
BalanceTest GEBT) scores andtaticbalance ircomparisorto control groupsboth of

which have been identified &gy indicators oheuromuscular deficih conditionssuchas
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FAI (Arnold et al, 2009. Single leg exercises with WBVT have previouggmonstrated
improvementsn balance, howeveonly over a longer period with more exposures per week
(Moezyet al, 2008 Transet al, 2009 Reeset al, 2009. Thus theresearch produced a
method of reducing rehabilitation time for cliniciamsinga simple set of exercisebhere
was no significanthangdn thefatigueof the peroneal longus musgcighich may have been
contributed to byhe complexityof theassessmerask The results clearldemonstratethat
WBVT had the ability to improve certain aspectdbafancehoweverany change in
peroneus longus activity was reggparentone possibleeason discussed was tiéficulty of
thetask notbeingsufficient toestablish appropriate levels of fatigilnce movements
such aglemipointe may betoo technical or causeda much discomfort to allow for
prolonged periods of activitp achieve this level of fatigugliller et al, 2009 during EMG

analysis.

Overallpaper 1 (Cloaket al, 2010 introducednew knowledgento the body of worlaround
WBVT and rehabilitatiowith some interestingesults and avenador futurestudies both in
terms ofthe populatiorandimprovingand refiningthe methodologiesised Onelimitation of
paper 1 (Cloaket al, 2010 was the lack of a comparison with a mtraglitional
rehabilitation methods well as the lack @nactivity for the control groupThe firstpoint
refers to thdact that although the results show positive findings amataysters, the cost of
the equipment used woutdisethe question amongst practitionefshow the more
traditional means of rehabilitation tmprovebalanceand muscle functiofare in
comparisonThe economic consideratiof r@habilitation intervention isomething that
needdo be considered before implementat{derhageret al, 2005k Gianotti and Hume,
2007. T hi-Benefitc orsdt i o shoul d be mhconeidetsiang al |l ap

exercisescience setting where funding for squads needs to be considered rather than just
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individuals(Sitler and Horodyski, 199%erhageret al, 2005h. In particular whatis the
effect size of théntervention(something not reported paper 1), andhow it compares to
traditional rehabilitation methodsiisquired.Hopkinset al. (2009 discusses the importance
of analyzingeffect sizeparticularlyin studies examininthe effectivenes®f treatment
protocok in sports medicindlany quantitative studies are described as hastatistically
significant results when they are in fact trivially small ahdically unimportantCarver,
1993. For the reader to appreciate the magnit
results sections shouldclude some measure of et size in the results secti@@an, 200
Effect size is derm used to describe a groupmdices that mease the magnitude of a
treatmenteffect(Kotrlik and Williams, 2003. Effect size is dferent fromtraditional
significance testbecaise these measures focus onrtteaningfulness ohe results and
allow the ability ofresearbers to judg practical significance g&sults presenteggKotrlik

and Williams, 2008

TheSEBT may be also considered a limitation of the study as it ispentiaulaty
challengingdynamicbalanceassessmenthe SEBT althoughdefinedin theliteratureas a

dynamic balance taskoes noteplicate the demands wfany sports or the environmis
whereankleinjury will occur (Bressekt al, 2007. Postural sway variables from a force

platformare oftenc o n s i d e r esdt atnhdea riidgoo | fdo r améngarticular ng bal &
dynamic msturalstability index (DPSI) (Bresselket al, 2007 Wikstromet al, 20095.

However theavailability of a forceplatein field settings may be limitedhereforgamore

dynamic balance test thegquires minimal equipment antlas a single leg landing

componenheeds to be cordred. This is type of dynamstability task would be a better

replication of when injury oegs, ging from aunloaded tdoaded conditionone of the most
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common playing scenarios preceding a-gontact injury to the lowegxtremitiesis landing

from a jump(Fauno and Jakobsen, 20@®nget al, 2007.

Paper 2: Cloak, R., Nevill, A., Dg, S., & Wyon, M. (2013). SkWeek Combined Vibration
and Wobble Board Training on Balance and Stability in Footballers with Functional Ankle
Instability. Clinical Journal of Sport Medicin€3(5),pp. 384391

Following on frompaper 1 (Cloaket al, 2010 themain focus opaper 2 (Cloaket al,

2013 was to investigate the effectsaimbinedWBVT andwobble board traininggainst
wobble board training alorie a group of amateur soccer play@rse comparison of WBVT
to a more traditional means habilitation(wobble board) was something highligthtier
future research ipaper 1 (Cloaket al, 2010. The introductiorof a new piec®f equipment
onto the market (Vibrosphere; ProMedwihich incorporatedibration stimulus in a wobble
board provided an opportunity to investigate the exact effects of the vibration stimulus. This
equipmenthad previously been used in a limited number of studiemnset al, 2009
Beaudaret al, 2013 in elderly populations, showing some success in improving
proprioception(Transet al, 2009. The studyfocused orparticipants suffering FAI, a
common complication following ankle injufudaet al, 2009, however the populationas
changed tsoccerplayers. The reasdor this was twobld. Frstly, ankle sprains make up
one of the mostommoninjuries insoccerWoodset al, 2003 andtherefore improving
outcome resultfollowing injury could have a bipeneficialimpact o alarge number of
participants Especially whemeportedsocceris responsibldor a thirdof all sport related
injuriesin Europe(Hgy et al, 1992 Inklaaretal., 1996. Secondlythe longterm

implications of recurrent ankle injugre well docuranted in soccgiKuijt etal., 2012
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Drawer and Fuller, 20Q0LClokeet al, 2009 , with an increased prevalenceasteoarthritis

of the anklen this group compared thegeneralpopulationin later life (Kuijt et al, 2012.

Traditionalwobble board traininggas been a popular method for rehabilitation of ankle
injuries (Holmes and Delahunt, 200@thoughresults havsometimedeenequivocal as to
its effectivenesgPowerset al, 2004 Verhageret al, 20053. Van der Weegt alb .£2000
systematic reviewonsidersvobble ard training &aclinically relevantmeans ofmproving
balance and function in injured ankl@$e rationalebehind theproposedenefitsis the
combinaton of improving proprioceptiothrough increased mechanoreceptor feedback and
restoringneuromuscular feedback to the pagant(Rozziet al, 1999. EMG analyss has
also showrthat wobbleboardtraining has thebility to stimulatemuscles of the lower leg
(tibialis anteriorposterior, proneudongus and flexor digitorum longuahd subsequently
may have theability to improvemuscleresponse$o rapid changes in ankle permutations to
maintain stability(Osborneet al, 200]). Cimadoroet al (2013 highlightsthatactivecontrol
of thecentre of mss (COM) on unstable surfacés coupled with a significant increase in
lower limb muscle activity concludng that athletes should incorpogatobble board
exercisesnto both training and rehabilitation to improsensorimotor functigrankle
strength and joint stabilitynterestingly the propose€dNS proprioceptiveand neuromuscular
controlsystemgqFigure 4 of wobble board trainingvould appear thiave similar patternso
the ones stimulated by WBVT (higher brain functeord feedback lap, muscle spindles/
type laafferent motor neurorendmechanoreceptoy$Figure 5. This coupled with the fact
contraction of the muscle during WB\(&s would be present when controlling C@klan
unstable surfageappears to increase overatitivity of that musclg¢Ritzmannet al, 2013

Di Giminiani et al, 2012. Thus it would suggesa mutualbenefit from the combination of

WBVT and unstable surface training in rehabilitation settings.
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As identified inpaper 1 (Cloaket al, 2010 the addition obdynamic balance task was
required to better replicatke demands of the sport and provide sufficianttional
challenge to the participar@ingle legtriple hop for distanc€SLTHD) is a clinicaly valid

tool for assessing strength and power characteristics in healthy athletes, Winilg hasance
(Hamiltonet al, 2009. TheSLTHD not only provides a valid amgliableoutcomemeasure
of an intervention(Reidet al, 2007, but provides valuableaselinedata for anyfuture return
from injury and is field based requng little equipmento administe(Reidet al, 2007).

More importantly the participant®ability to maintainstability whendealingwith the
permutation®f landing are highly correlated witheir ability to control anklgositionand
reduce injury risk(Osborneet al, 200). The theme oé&asilyadministeredquick and

reliable field based tests was also continued thighuse of the Y balance teatmodification
of the SEBT test used paper 1 (Cloaket al, 2010. Performance of all eight reach
directions however was seen as unnecessary when evaluating deficits related to FAI because
of considerable redundancy among some of the reach direcgporteqHertelet al, 2006.
The modified SEBT test of balanceest(Plisky et al, 2009 has 3 rather than 8 directions,
anterior (Ant), posterior medial (PM), and posterior lateral (PL) SEBT directions and has
been shown to be the most effectassessment dfalance in participants with FAHertel et

al., 2006 Plisky et al, 2009.

Theprotocol used ipaper 2 (Cloaket al, 2013 for the combined vibration and wobble

board trainingcontinued the theme of progressixaumeoverload acrosa six week period
(twice per week)Theincrementin WBVT frequency vassimilar topaper 1 (Cloaket al,

2010 rangingfrom 30-40 Hz (4mm), however the total exposure time was less per week due
to the fact theomplexityof exercisewas increased. Task difficulty of each exercise was
manipulated as recommended by Ergen and YR2@08 under supervisionf a qualified
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instructor Theseeecommendations included a progressive increase in task difficulty and
volume of exerciseBy manipulating exposure timegsistance (with the addition of an
external load) and finally a sport specific component in the final weeks of the intervention.
Thewobble boardnly traininggroup did the same exercisestbaspecialisedvobble board
(VibrosphereProMedvi)butin the absence @y vibration stimulusand the control group
continued normadctivity. The resultsvere similar tqpaper 1 (Cloaket al, 2010 with

static balance and control 6OM significantly improvedor the vibration interventiom
compaison to no vibrationln addition,anterior and posterior latenaachdistancegy -
balance) were significantly greaiarthe vibration group Paper 2 (Cloaket al, 2013
highlighted a large effect sizP4rtial Etd= 0.66) in COM distributionmprovementand a
small efect size in modified SEBT improveme(fartial E&? = <0.30).InterestinglySLTHD
(an indication of poweand landingcompetencyshowedhat the addition of vibration
providedsignificant improvement in performanckhis was the first indication in the thesis
of theneuromusculaadaptations in strength and power that pisViouslybeen suggested
(Boscoet al, 1999aBoscoet al, 1999h Cardinale and Bosco, 2003ochrane, 2011a

Cochrane, 2011 Rittweger, 2010Rittwegeret al, 2003.

Paper 2 (Cloaket al, 2013 providednewevidencehat theaddition of vibration stimulus
hadfurtherbenefitto wobble board training alon&his studydeveloped and presentad
original andeffective sixweek ehabilitation protocol witlpractical significance to
practitionersin particular this was the first study to examine a ngieceof equipment
enterirg the marke{Vibrosphere, ProMedvidn anathleticpopulation One of the main
criticisms of the research touched on indisxussions the clinical significance of the
findings The standard of clinical significance addresses the question of whsthegroup

the treated individuals are distinguishable from others following treatfiientlallet al,
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1999. The more pertinerguestiontherefore, ighe effect size of these resudisd
longitudinal epidemiological evidence on injury occurrence post treatmihouiyh
moderate effects sizesewe reported in static balanites needs to be tempered with the
relatively small samgl sizes ¢ommonlyanissue when looking gtopulationof injured
athlete¥ (Knowlesetal., 2009 and the lack of followup information on renjury. The cost
benefit ratiomentionedn thepapets discussion iglsoanimportant consideration.
Rittweger(2010 identified a flood & marketing and commercial drivers the WBVT area
thatneedinvestigaton to substantiate claim#n comparison toelativelycheap wobble
board (or other unstable surface devitéhe Vibrospherg ProMedvi)andits addition of
vibrationstimulus to traditional rehabilitation methods would appear togsatecularly

expensiveoptionand possiblyacks practicality in large squad settings.

Theresults ofPaper 2(Cloaket al, 2013)added new knowledge dhe positive effect the
addition of WBVT hason balance, neuromuscular functiand flexibility using rigorous
methods which enabled comparison to more traditional interveniibiesscope and
practicality for it to be usedsaarehabilitation intervention has some issues in particular cost
benefit ratio angbracticality However the combined restsl of paper 1 (Cloaket al, 2010
andpaper 2 (Cloaket al, 2013 indicate a set gbositive adagtionsfrom WBVT thatcould
be consideredesirable in peparatiorfor performancgBishop, 2003Soligardet al, 201Q
Zoiset al, 201)), all be it these results were seeramnjured populationCardinale and
Erskine(2008 highlighted the need fomore research iacute WBVT andvarm-up

settings. The review paper by Cochraf@®13 following the publication ofpaper 2 (Cloak
et al, 2013 suggestthe scopdor WBVT to impact on performangeay be best suited in a
warmup/acute capacity ihealthyactiveparticipants With theresultsand knowledggained

in papers 1(Cloaket al, 2010 and 2 (Cloaket al, 2013 this appeadto beanavenueof
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investigation thatvarrantedurtheranalysisn a systematic and preseimannetrto contribute

to knowledgen the area

1.3 Acute WBVT in amateur soccer players

Paper 3: Cloak, R., Nevill, A., Smith, J., & Wyon, M. (2014). The acute effects of vibration
stimulus following FIFA 11+ on agility and reactive strengtlcatiegiate soccer players.
Journal of Sport and Health Sciencé4B pp.293-298.

The purpose gbaper 3 (Cloaket al, 20143 was to investig the acute effects oflding a
high frequencyWVBVT exposure to a wekstablishedvarm-up routine, to see gome of the
positiveneuromusculaattributes discussed paper 2 (Cloaket al, 2013 could be
replicated Paper?2 (Cloaket al, 2013 demonstratetmprovements inpostural controand
powerproduction two very important characteristics when preparingdareffective warm
up routine(Bishop, 2003 This isparticularlytruein socceya sport thaencourages these
positive physiologicahbilitiesin playersprior to competition or trainin@Arnasonet al,
2004). When discussing intervention protocols wiidrticipants duringpapers 1(Cloaket
al., 2010 and 2 (Cloaket al., 2013 they wouldreportf e el i ng& ne & sbhhifigae d 0
energetio immediately post WBVT. Althogh this is acknowledged asecdotal and may
have been largely down to increased peripheral blood flow folloWiBY T (Rittwegeret
al., 200Q KerschanrSchindlet al, 2007, this warranted frtherinvestigation My own
applied work had also begtmlook more at preparation for performance amongst
professionaklite soccermlayers and although partsdper 1 (Cloaket al, 2010 and 2
(Cloaket al, 2013 had been implemented amongst injured players there sepeetdr

scope for theeffectiveuse of acute WBVT in a cluketting prior to performance.
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The literature foWBVT had begun tehange focusrom chronic WBVTin athletic
populations due to some thfe reasongreviouslydiscussed relating foracticality and
effectivenesgCardinale and Erskine, 200Breatoniet al, 2012 Rittweger, 201Pand had
begun to investigatacute WBVTprior to/or during breaks icompetitionor performance
(Bullock et al,, 2008 Despineet al, 2013 Lovell et al,, 2013 Ronnestad, 20Q€ochrane,
2013. A number of publicationkad reportedhe positive benefits of acute WB\6h a

number of physiological variableBor exampleCochrang2013 suggeste@ number of
positivebenefitsacute WBVT could have as part of athletés warmup such as power
output, sprint speed, flexibility and muscle temperature. Due to its low metabolic cost and
time efficient rmture acute WBVT could offesome substantiddenefis to coaches in a
warmup settingHowever,more reseh is requiredn the exact mechanisraad howit

works in combination with other warop practicegCochrane, 2013 The time efficient
natureof WBVT is particularlyrelevantin soccey with Towlsonet al. (2013 reportingthat

time constaints were one of the biggesbnsiderations fopractitionersvhenperforminga
warmup or halftime rewarmup amongst profesonalsoccerplayers. hereforeit would
appear thaacute WBVTcouldhave a place in this settinGardinalea n d B 20080 6 s
summary of the potential mechanisaestermining an increase in neuromuscular performance
following acute WBVTis illustrated inFigure 6 WBVT stimulates the neuromuscular
system to produce reflex muscle activation. If the vibratory stimulasut it subsequently
creates the potentifdr a more powerful and effective voluntanuscle activatiofCardinale

and Bosco, 2003
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Figure 6: Diagramillustrating the potential mechanisms that mediate the enhancement of
force-generéing capacity after acute WBV(ICardinale and Bosco, 2003

The initial aimof paper 3 (Cloaket al, 20143 were to assess whether acute WBVT would

have any additional benefit to an already vesHablished warmp routine

Researctwhich examinegphysical preparation strategjevey attempt must be made to
cortrol as many confounding fears as possible to provide accurate results. It is of little
value to compare intervaahs to a passive otrol groupas difference in muscle temperature
alone will impact upon results and provide practitioners with little relemayplied
information(Maclintoshet al, 2012. The FIFA 11+ was chosen due to its popularity and
reported eféctiveness@a warraup protocol in soccgSteffenet al, 2013. FIFA 11+ was
developed in 2006 in cooperation with the Santa Monica Sports Medicine Foundation

(SMSMF), and the Oslo Sports Trauma and Research Centre (QS3gR&Ccomplete warm
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up prograrmeto prewent injuries in amateur socgalayers(Bizzini et al, 2013. The injury
prevention programe (FIFA 11+), developed byIFA with the aim of incorporatingra
effective warmup and reducing intrinsiojury risk factors in soccdras ben validated in
soccermpopulationg Steffenet al, 2008h Tegnandeet al, 2009. However, the FIFA 11+
warmup, although well established as a means of reducing injuries, haquestonedas
having minimaleffect onphysicalperformance outcomes in soccer play@rsdblomet al,
2012 Steffenet al, 2008aImpellizzeriet al, 2013. Vescovi and VarHeest(2010
suggestdthat developing warmup protocols with not only injury prevention benefits but
also performance benefits, would make it easier to convince coadhgdément such
programmesResearcherBave discussed additions to the FIFA 11+ waimprotocol to
help realise performance enhanceméimpellizzeriet al, 2013. Impellizzeriet al (2013
however, point®ut that any such additions to the FIFA 11+ need to consider fatigue

(worsening of prformance) and time efficiency.

Paper 2 (Cloaket al, 2013 discussed thaine of the key factors in the use of WBVT in
athletic populations is it shouttbmplemeniother methods. On its owthe evidence for
chronicWBVT having any meaningful effect on performanggquestionable amongst
trained populations with no undeirlg neuromuscular disorderjury (Hortobagyiet al,
2015 Osawa and Oguma, 201Breatoniet al, 2012 Rehnet al, 2007 Yeunget al, 2014
Cardinale and Erskine, 2008 his was confirmed recently by Hortobaget al (2015
whose systematic review of the effectcbfonicWBVT alone inhealthy athletic
populations showed relatively small and inconsistent eftactsthletic performance and
advocatd moreproventraditional means (e.g., resistance trainifigne acute effects of
WBVT as an addition to a warap in conjunction with more traditional training methods

would appear to have more scope for benefits amongst healthy/trained indiwdbals
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training history(Bullock et al, 2008 Cochrane, 201Pespinaet al, 2013 Lamontet al,
201Q Osaweet al, 2011 Rgnnesta@t al, 2013 Ronnestad, 20Q9However paper 3
(Cloaket al, 2014a was the firsin the literature tanvestigatevhether the addition of
WBVT to astandardised warmap routinehas any additional benefit in comparison to an
active control groupthereby answeringne of the key criticisms of most previous acute
WBVT studiesthat a passive control group is unrealighiordlund and Thorstensson, 2007
Paper 3 (Cloaket al, 201443 provided aroriginal exploratory paper into the effects of acute
WBVT combinedwith a wellestablished warrap protocol (FIFA 11+). The combination
hadnever previouslypeen investigated and the effect of acute WBVT in healthy athletic
populations was a significant change in focus of the thBalance and injury risk &re not a
focus of the outcome meassresed inpaper 3 (Cloaket al, 20143. The intial focus was to
identify any neuomusculaeffects (RShandperformanceutcome relatedto a key
determinanbf soccemperformancedgility) (Bloomfield et al, 2007. Paper 3 (Cloaket al,
20143 wasalso amove awayfrom the chronic progressive overload model usepkiper 1
(Cloaket al, 2019 and 2 (Cloaket al, 2013 and instead used a hiffequencyacute load
(40hz+ 4mm). One of the easiest ways to increase overall load is to increase frequency
(Ritzmannet al, 2013 and as previouslidentified the larger the muscle displacemeng(du
to increases in frequency amplitude) the greatenuscleactivationduring the acut&/BVT

stimulus(Fratini et al, 2009).

From te finding of Paper 3 (Cloaket al, 20144 it is suggestdthat the addition of 30
secondf anisometric squat WBVT at 40Hz 4mmimproved someharacteristicef RSI
but not agility One initial reasoffior the improvements in RSliscusseds due to increased
efficiency in thestretch shortening cycle (SSEgrnandest al, 2013. In particular an

improvement in the shetatency stretch reflex would mean a significant reducticroimact
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time (CT) as this corresponds tioe reflex after ground contagfomi, 200Q. The above
suggestiorof an increase inhwrt-latency stretch reflex is questionakbke sich

neuromuscular changes could also benefit the 505 afgiityscoredyut this was not the

case. An alternative explanation for the results may have to do witlcukesuppression of
muscle spindle activityRittmanet al (201]) discusgedthe idea that vibration stimulus has
been linked to suppression of la afferent pathways caused-agipraion (Crone and
Nielsen, 1989 However, as the SSC is a combination of la afferent inputs and cortical
contribution(Taubeet al,, 2012, the current results may suggest that an increase in cortical
contribution (viasupraspinal centres) compensates for a reduction in la afferesrnission
following acute WBVT This proposeshat supraspinal centres not only initiate jumping and
landing movements but also gseogrammeat least part of the muscular activationtgat to
support a lack chfferent inpui{Taubeet al, 20124. This may explain the difference in
improvements between RSI and 505 agility time. Ritznetral (2011) suggestdthat
depending on the complexity of the motor task tieasa greater cortical contribution and a
reduction in la afferent recovery time. Therefore it could be argueththatotor complexity
of the drop jump protocol during the RSI protocol was greater than that of the 505 agility
protocol anl therefore benefited from th{Ritzmannet al, 201J). Figure 7illustratesthe
complex nature of SSC movements in which the CNS has to coordinate and adjust the
contribution of anticipat (feedfoward controlled) anfeedbackcontrolledneuromuscular

activity incorporatingcortical,subcortical, and spinal leve[§aubeet al, 20123.
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Figure 7: Interaction of feedforward and feedback control during strebartening cycle
movemen{Taubeet al, 20123

A decrease itherecruitment threshold of motor unitsuld also be suggested ametor for

the decreases in QPollocket al, 2012, with an increase in spindle sensitivity improving
detection on landing and a lowering of recruitment threshold meaning an incrédase
velocity of contraction(Pollocket al, 2012. The 505 agility time resuliserediscussed

from a number ofiewpoints the complexity of the skillafatigueeffect oralternatelyjt was
just a case of the overdimited exposurg30 seconds Althoughthis exposure time has been
seen asufficientfor simple tasks like jumpin{Turneret al, 2011, it might not befor more
complex skills(Coclraneet al, 2009. Although not significant, a negative trend in 505
agility wasdiscussedso any increase in exposure may have accelerated this worsening in

performance due to fatigue and needs todresideredThereforeagility results mayaise the
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guestions about possible fatiguing naturaaite high frequency/BVT. The interaction of
al the technicafactors omagility makes it difficult to identify the components that
ultimately influence performance when looking at ad\VT (Cochraneet al, 2004.
Agility may thereforenot bethe most sensitive or valid performarmeasure of

neuromuscularesponsgfollowing acute WBVTbut does hold ecological validity

Overallpaper 3 (Cloaket al, 20144 providednewevidence that a relativity short duration
of WBVT in combination with a weléstablishedvarm-up protocolcan providesome
immediate neuromuscular bengfithis work also contributed to the body of work on the
FIFA 11+ as well as acute WBVThepaper was an introduction to the topic of acute
WBVT in soccermplayers and raised sonmaportant applied questions. Firstly, the key to any
addition to a warrup protocolis to enhance performance and adgitionsto anathletés
warmup should nottause fatiguer worsening of performanaghich mayresult ininjury
(Impellizzeriet al, 2013. Although not significantpaper 3 (Cloaket al, 20143 does
suggest thaanincrease in acute WBV@&xposure mapave amegativempact on agility
performanceindneeds further investigatioMore relevant however is the suggestion of
possible suppression of ddferentfeedback caused acute WBVT, which maympact on
balance and postural contiar cause fatigue tthe musculaturenvolvedin these tasks
Results fronPapers 1 and2 suggest those systems which effeaiance arstimulated
during chronic WBVT exposure sodbuld beassumed that this médpe true during acute

WBVT.

A test thatspecificallylooks at complexasks such as landing stability and is a sensitive and

reliable measure that can detelsinges following acute WBVWould helpin investigating
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suggesbns of fatigue and worsening balance One of themost common injury
mechanismamongst soccelayess is to the lower extremity durijgmp/landingscenarios
(Wong and Hong, 20Q05Thereforgthe potential for positive benefits following acute
WBVT is large However before acute WBVT can be advocafedsafety reasons this
should benvestigatedThe issue of safetgroundWBVT hasmainly focused omdustrial
risk (Rittweger, 2010Griffin, 1997) however the possible safety implication thatuge
exposure may have on diffetegroups may also bearrantedf we areto advocateacute
WBVT across varioupopulationdevels of expertiseThe second key finding @faper 3
(Cloak et al., 20144&3 that acute WBVT could be a time efficient addition to a wamor
more likely a rewarmup strategy in socceltf considered &.a rewarm-up strategyplaying
facilitateswould need to be consideradd realisticallyprofessionaklite players would be
the population that would have thesources to implement such a protddawlisonet al,
2013. Thereforeit is important to look at howwrofessionaHlite players respontb acute
WBVT, firstly to assess the potential effect it may have on landing stadnldyaghe
conclusion opaper 3 (Cloaket al, 20143 suggestnoreacute WBVT studieareneeadto
be conducted amongst varigquspulations In particulamprofessional/elitgroups, those most
likely to beusers and those whepmtentialfor injury/worsening iperformancevould have

the biggest impact.
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1.4 Professionaland amateur responses tacute WBVT

Paper4: Cloak, R., Nevill, A., & Wyon, M. (2014). The acute effects of vibration training on
balance and stability amongst soccer playeusopean Journal of Sport Sciende, ppl-7.

Seiler and Kjerlang2006 weretwo of the first authors to recognise tlutta fom
professionaklite athletes subjected to specifiterventiongn traditional experimental
designs werscarce. This populatiorely wistesto alter their training in the interest of
research andccessan be difficult(Seiler and Kjerland, 2006Central to this observation
was the recognition thatuglies basedn untrained, or moderately trained individuals should
not be uncritically used as evidence for prescriptioprodessionaklite athletegSeiler and
Kjerland, 200§. Even in the early work dssurin and Tenenbau(t999, professionaklite
and amateur athlet@gere recognised as respondifferertly to WBVT stimulus.The
researclproposedtie reason for thiseingincreased sensitivity of musaleceptorsand
differences iICNSresponseamongsprofessionaklite athetes,andthere waslsoa
significantdifference in peak power output between groups-WBVT. As previously
reported WBVT as asubstitutionfor awell-designedesistance trainingrpgramme has
limited effectivenesamongsprofessionaklite athlete¢Preatoniet al, 2012 Cardinale and
Erskine, 2008 More recentlyHortobagyiet al. (2015 suggestdnot enough has been done
to investigate the effects of WBVdmongsprofessionaklite athletes despite the immense
popularity of the topic reflecteid thelarge numbersf whole body vibration studies

published annuall{Hortobagyiet al, 2015.

Amongst well trained athletes who haeported stiffer muscieendon unit§Kuboet al,

2002 and the ability to produce higher force outputs, WBVT may have the capability of
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increasing muscle output immediately prioetercisenowever further researcls
recommended tmvestigate WBVT as a warup activity (Cochrane, 200)3Paper 1

(Cloaket al, 2010 suggestedhat physically activparticipantsnay respond faster to

WBVT than sedentary populatiorfé weeks not 8veeksas arehabilitation protocgl

Another important consideration when programming acute WBVT for trained participants is
that awell-developednuscletendon unitallows for increased vibration dampening capacity,
and theefore vibration fequency needs to laesufficiently highload (>30 Hz 4mm, >60sec

to elicit a positiveresponseamongstrained populationgBullock et al, 2008 Issurin and
Tenenbaum, 199%ovell et al, 2013k Paduloet al, 2014 Ronnestad, 200Q9In contrast,
Bullock et al. (2008 suggestdthat a possible trade off with increasing WBVT load is a
distribution in proprioceptive abilityin their case joinfposition sense. As discussedeper

3 (Cloaket al, 20143, Impellizzeriet al (2013 points out that any adtibns to a warrup
routine needo consider fatigue (worsening of performance) and should not increase the risk
of injury. With theprevalencef kneeand anklenjuriesin soccerdue tonorcontactmears

such as landing/Vong and Hong, 20Q0%nyalteration in proprioceptivieedbackor fatigue
needs to be investigatethe discussion &m paper 3 (Cloaket al, 20144 indicates a
improvement in the shatatency stretch reflex would mean a significant reduatio@T, as

this corresponds tihe reflex after ground conta@fomi, 2000. Also, increasednuscle

spindle sensitivity and a decrease in recruitment threshold of motoasdtiso suggested

as a keyfactor for the decreases in Rollocket al, 20129, with an increase in spindle
sensitivity improving detection on landing and a lowering of recruitment threshold meaning
an increase in the velocity obntraction(Pollocket al, 2012. Ritzmannet al (2011)

however suggests suppressionaéfferentpathways caused by peetivation following
acuteWBVT. As SSC is a combination of édferent inputs and cortical contributi¢haube

et al, 20120 this may suggest that an increase in cortical contribution (via supraspinal
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centrescompensates for a reduction in la afferent transmission following acute WBVT

These ar¢heoreticalassumptions based on the literature and suggest acute WBVT has the
possibility to impact positively operformance whepreparing for competitiarin particular

the ability to produce rapid contractions to deal with thenghmey permutations on landing
However, itdés also suggested t Iba@anceseé f er ent

Figure 4 may also bénfluenced by WBVT

Paper 3 (Cloaket al, 20143 hadexaminedpossible mechanisnog acute WBVT asn
addition to a weklestablished prperformance warmup amongsamateursoccer playerdn
applied soccesettings howeveit would bemore likely in acute settings it would be used
during breaks in playlfowlsonet al (2013 examinedhe importance of active #garm-up
activities highlighting its importance but also the typical time available to pometisbeing
limited (3-5minutes) Takingthe work ofTowlsonet al. (2013 into consideratiomnd from
applied experiensedue totime constraints the optimal use of acute WBVT would be during
the half timeintervaland timingsshould try and replicate thi¥his was recently confirmed
as a crucial period by the recommendations for half time strategesns sports from
Russellet al (2015 and colleaguedgure §. Rewarm-up strategies in sport aswhole
havebegun to gain morattention in team sporfsovell et al, 2013aRussellet al, 2015
Towlsonet al, 2013 Westonet al, 201]) . A growing body of evidence has demonstrated
reduced higkspeed running (HSR) aweities immediatéy after the haktime interval
(Westonet al, 2011 Russellet al, 2015. Lovell et al.(2013b highlighted that passive
half-time interval reduced sprint, jump and dynastrength performance semt
professonal soccerplayers. Alternatively, the addition of acute WBVT during half time

attenuated these performance decremmatgell et al, 20131).
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Figure 8. Theoretical model of strategies suggested during 1htelralf time period
(Russellet al, 2015.

Laboratorybased research in the applied sports sciences is conducted based on the
assumption of ecological validity. Specifically, recommendations are made to the athletic
population based upon laboratory findirfdebsoret al, 2007. Paper 4 (Cloaket al,

2014h wasspecificallyinterested in furtheexaminingsome of the themes raisedpaper 3
(Cloaket al, 20143 and in other published studiasoundneuromuscular responses to acute
WBVT and howprofessionaklite andamateusathletesespond To increase thecological
validity of the study the staliiy test was a&ingle leg landingask(Fauno and Jakobsen,

2006 and time allowed for interventiomas15 mirutes(corresponding to a hatime
scenarioTowlsonet al, 2013 Russellet al, 2015 wereincorporatednto the methodology
Also paper 4 (Cloaket al, 2014h employedanactive control goupfor comparison asne

of the criticisms of acute WBViesearchs the comparison of results to a passive control
group(Nordlund and Thorstensson, 2Q0A& true contol groupin applied research suffers a
conflict between internal and external validiBage, 201p. Internal validity requires

rigorous control of variables; howevearernal validitydoes not support aé&vorld
generaligbility (external validity).In some situations, a true control group is not possible or

ehi cal ; t h &rxepfeorri eme nfitgeubtios used is appliagsearch whe the
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control group receives standard treatme(®age, 2012 More recentlyRiederet al (2015
highlightedonly a handful ofVBVT publicationgthatindicate significant gains in lower
limb musclestrength when protocols includa active control group performing the same
exercises requireitom the groupexposed to WBVTThis is vitalwhen the acute WBVT
takes placeuring isometric conditions such asiaometric squat where th&ometric
contraction alone may be the causerof aeuromuscular effect observiixonet al, 2007

and is a vital methodological consideration for all WBVT research.

Thecomplexityof the stability tasks needed to ibgroved from those used in previous

papers1 (Cloaket al, 2010 and 2 (Cloaket al, 2013. Required wasamethingwhich

increasedhe ecological validity ofheresearctandbetter replicatethe stability demands of

the sport, whilesensitive enough to identify changesalance followingacute WBVT.

Postural sway variables from a force platfor
for measuringlynamicbalanceand although no gold standard has been defined for dynamic
balance, more sophisticated techniques, such d3RB&(Wikstromet al, 2005(Figure 9

has been identified aa highly valid and reliable technique for detecting postural changes in

athletic population§Bressekt al, 2007. The Y balance test was also includegaper 4

(Cloaket al, 2014b, although not sisensitive as DPSI ractically, it requires minimal

equipment ands considere¢ | i ni cal |y #fAfri endIlctgdwithothear t i cul a
field tess and also providevaluable comparative data other practitioners car{Biesselet

al., 2007. Another important considationwith the Y balance test is its ability tletect

changes in flexibility. Tie anterior reach direction of the Y balance test has previously been
suggested as requiring the greatest amount of dorsiflexion (Gebale 2009). The

protocol usedhad anncrease in overall WBVT training exposure (3x 60 sec) at the same

loading d paper 3 (Cloaket al, 20143(40hz + 4mm), this was chosensasficientstimulus
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for acute settings as previously descrifiedurin and Tenenbaum, 199%®vell et al,, 2013h
Paduloet al, 2014 Ronnestad, 20Q%nd also to fit into a realistione framefor a rewarm
up strategyRussellet al, 2015 Towlsonet al, 2013. Before acute WBVT all participasit
completed dasicwarm-up on a cyclergometeranother traditional means ofaintainng
muscle temperature during hdilfine (Mohr et al, 2004 Lovell et al, 2007, again to givea

comparison taheactivecontrol group aspposé to a passiveontrol

Figure 9: Dynamic postural stability index (DPSI) proced(@®ell, 2013. Participants

started 70 cm from the centre of the force plate and jumped over a hurdle placed at 50% of
each participants maximal jump height with both legs before landing on the force plate on the
dominar leg, stabilizing as quickly as possible, and maintaining this position for 3 seconds.

Resultsndicated that amongst professiop&yersDPSlimproved in comparison tamateur
soccermlayers.These differences betweprofessionabhnd amateuplayerresponses were in

contrastto previous researdhatfound acute WBVT had little effect on balan@sespinaet
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al., 2013. However Despinaet al (2013 useda staticsingleleg balance task, which as
previously mentioned lacks sensitivifgressekt al, 2007, aswell as the fact the population
examinechada highly developed balance skill set (elite gymnasts) so the balance task would
not be a sufficient challender them(Aydin et al, 2002. The findings opaper 4 (Cloaket

al., 2014b, in comparison to previougsearch betwegmrofessionaklite and amateur
players(Ronnestad, 20Q9also highlighs samekey differences imethodologicalissues

when comparing acute WBVT studies. Landing is characterised by apetialistset of

motor programmemcluding preactivaion, eccetric contraction followed by concentric
contraction(Komi, 1983. The motor output in the practivation phase just prior to touch

down in dropjumps, as well as part of the muscular activation after toaeim (in the

eccentric phase), is anticipatofZuur et al, 201Q. The muscular activation after touch

down is reactive to the permutations of the landing because spinal reflexes (short latency
responseSLR) are elicited at touetilown and contribute to the motor outgdtiur et al,

2010 and was previouslgeportedn relation to contadimesduringRSI scores ipaper 3
(Cloaket al, 20144. Increases in the shdetency stretch reflex response of the stretch
shortening cycle have been identified as a possible factor in the increase in power production
postvibration stimulus at higher vibration protocols >40ffernandest al, 2013. In

particular an improvement in the shtatency stretch reflex would mean a significant

reduction in contact time permutations, as this corresponds to the reflex after ground contact
(Komi, 200Q. Any such reductions in landing permutations caddtribute toareduction

in DPSI amongst professiorsbccer playersThe results of the study introduced new
theoretical concepts about how different populations respond to acute WBAEl as a

rigorous methodology (DPSI) on how to accurately assess stability in future WBVT research

using athletic populations.
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The fewstudies that have reportedprovementsn balancausingbasicforce platorm data
from landing task$ollowing acute VBVT amongst healthy amateparticipantshaveused a
lower vibration frequency (<30hz and 4mig9anudcet al, 2012 Despinaet al, 2013. This
was in contrast to the highstimulus(40hz and +4mm) used paper 4 (Cloaket al,

20141, which was chosen due to gepularityamongsthe fewstudies using
professiondklite athletesor highly trainedmaleparticipantglssurin and Tenenbaum, 1999
Ronnestad, 20Q%.ovell et al,, 2013k Padulocet al, 2014. However as previously reported
there may be tradeoff between vibration intensity and propriocept{@ullock et al,, 2009
and previous research on locally apphéatration stimulus has reportetdisruption to
proprioceptive funtton of foot and ankl€éPollocket al, 2011 Weerakkodyet al, 2009.
With previous reseaharecognising differencebetween neurauscular response to WBVT
due tohigher sensitivityyo musclereceptorsand increased CNi®sponseglssurin and
Tenenbaum, 1999t is suggested by the present findintgat higher WBVT intensities
(>40hz 4mm) may bacceptabldor professionaklite trainedindividualsand notamateur
athletes Although not significant, DPSI increas@ot worse)following acute WBVT
amongst amateur participant$his supports some of the suggestiongaper 3 (Cloaket
al., 20143 and the worlof (Impellizzeriet al, 2013 that the effective warmp should not
cause fatigue prior tperformanceparticularlywhen this couldffectposturalstability,
somethingconsistentifinked with increase in injury riskWikstromet al, 200%. The paper
therefore provides a cautionary note for practitioners to congideraining level of the
population and the subsequent tasks they will be performingingasinent when considering

the use of acute WBVT at this intensity.
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Paper 5:Cloak, R., Lane, A. and Wyon, M. (2016) Professional soccer player neuromuscular
respamses and perceptions to acute whole body vibration differ from amateur counterparts.

Journal of Sports Science and Medicit8, pp.5764

Methodologically the research had begun to investigate the acute effects of WBNa

more sensitive set of measurBaper 4(Cloaket al, 2014h had identified significant

postural stability differences between professional and amateur soccer players as well as an
increase in ROMAIthough the main findings identify a significant differeratween

groups (amateurs. professional)and provides coaches/sports scientists with some practical
considerations as well as increasthg knowledge within the areagtihheuromuscular

differences that may haveediatedhese factorsvere beyond the scope péper 4 (Cloaket

al., 2014b. Furtherresearch wasecommendetb investigatéhnow training status (amateur

vs.professional) effectseuromuscularesponses to acute WB\(Cloaket al, 20141).

The literatureéhas hypothesiseabout various neuromuscular factarsich occur due to
WBVT such asncreased enitability, recruitmentandPAP (Cochrane, 2013Bullock et al,
2008 Cardinale and Lim, 200®a SilvaGrigolettoet al, 2009 Lamontet al, 201Q
Ronnestad, 20Q%.ovell et al,, 2013 without specificallyexaminingthe direct
neuromuscular effects on these variajgegnthosethathavefailed to compareffects on
differentpopulations (those most likely to usech an intervention) or considered timings
and structure as part of a waup or halttime interventionCochraneet al, 201Q Jordanet
al., 201Q McBride et al, 201Q Rittwegeret al, 2003 Yeunget al, 2014. Maclintosh et al.
(2012 states that to firstly identifihe role of PARIuring a structured warup it must be

clearly identified with muscle twitch potentiatiomeasuremenit©nce tle methodology
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acknowledges thiand othefactorsarecontrolled such as an active control grotipen the
effect PAP has on performance outws can be accurately assegsest warmup
(Maclintoshet al, 2019. The literature on acute WBVT had begas previously mentioned
to focus more on performance routines and-tialé interventiongCochrane, 2013 ovell et
al., 2013h Russellet al, 20195, the thesidias added new knowledge in termaglooking at
possible injury prevention mechanispeper 4 (Cloaket al, 2014). However for a
complete aneffectiveacute warrup/rewarmup strategyrRussellet al (2015 suggestda
PAP type activity is crucial befoygay in team sports or itmefinal stages of revarmingup
prior to the second half {§ure §. Timeefficient methods of warmingip in soccer and
creatinga PAPstimulusis an increasinglpopular topic area for those preparing players

competition(Zois et al, 2015.

Throughout the data collection ofgtbody of workthe perceptions athletégld for WBVT

as a trainingnethod verenotedin discussions with participantEhe nature of the
interventionmeanghatparticipantsan the control group would conduct the exercises on the
platform in theabsencef vibration. Depending on thparticipant§beliefs on WBVT this

may haveaffectedthe participant@beliefas to whethethey werereceivinga beneficial
treatment or nofThe theoretical contribution to the literature is that a significant difference
appears between amateur and professional athéetd¥eunget al (2014 speculates that

the groups may also perceive the effects of acute WBVT in very different ways, with highly
trainedparticipantgespondingo the sensationsf acute training stimulus with subsequent
improved effort in comparison @mateur participants who just feel tired after acute WBVT
stimulus Until paper 5(Cloaket al, 201§ beliefs and perceptions of how/if the WBVT has
impacted upon péormance hadot been assessethereforethe perceptio/beliefs each of

the groupsadin the intervention itseland whether there issignificantdifference between

49



amateur and professional playeras recordedBeliefs in the likely effectiveness of an
intervention or ergogenic aid hakieenfound to have an incremental effect onfpenance
(Beedie and Foad, 2009Individuals who positively believed that an intervention will be
effective appear to gain greater benefits than participants who do not. ResalBeedie

and Foad2009 suggestthat a belief effect could shape the efficacy of an intervention.
Paper 3(Cloaket al, 20143 discussedthe importance of coach apthyer buyin when
prescribinganintervention and the whrof Soligardet al (2010 indicatescompliancds
crucialfor anyinterventionto besuccessfulvas highlightedFinch (2011 discusses the need
for the effectiveness of injury prevention interventionstdudeinformation from
stakeholders (participants) on how they perceive the effectiveness of the intervention, and not
just physical outcome measures. A research desigmitiaties a multidisciplinary design to
evaluate the physicalerformance outcomesd. Strength, PARetc) as well as the behaviour
changes and perceptionsiatervention(beliefs) arealso highlyrecommendedly Finch
(2011. Assessing thidifference inbeliefsmay providenew knowledge and also a possible

theoretical framework for future acute intervention studies.

All the previous papers had assuntieel participants perceived the benefits of WBVT

alongside a positive neuromuscular respd@deaket al, 2013 Cloaket al, 2014aCloaket

al., 2014h Cloaket al, 201Q. Paper5 (Cloaket al, 201§ examinedhese two phenomena

on professional and amateur participants by incorporating a ntustdl interpolation

techniueend a questionnaire on t heTipeavetianci pant s 6
Thetwitch interpolation metbd would alsallow confirmation ofactualvoluntaryand
involuntaryneuromuscularesponsegJordanret al, 2010. The introduction of a tikch

interpolation testsvasa highlysensitive test to look at neuromusculegponsesn particular

thosenonneurogenic in natureuch as PARJordaret al, 2010Q. Paper 3(Cloaket al,
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20143 and 4 (Cloaket al, 2014 had discussethe factthatagility and singldeg landing
have a large skill component that requires a gpscialistset of efficient movement patterns
andimprovement in it has many other factomtributing to succegse. skill level,
technique, learned behaviowts.YCochraneet al, 2004. This could be particularly
influential in a group wherskill levelsrepresent discrete difference betweprofessional
and amateusoccerplayers(Rebeloet al, 2013. Aninterpolated twitch technique the
methodologyallowed for the skill element to be removedda moresophisticated look at
theneuromuscular respons@ochraneet al, 201Q Jordaret al, 201Q Yeunget al, 2019
as well asa quick performance outcome to be fed biacgarticipantgknee extensgoeak
isometric force)The introduction of twitch interpolation methodss one of the most
invasiveused in all the projects and it took a period of time to establish this project
Establishing these projects wiphofessional/elite athletéakes time and trugEeiler and

Kjerland, 200§ and was &ey consideration when conductitigeresearch

Results indicated that acute WB\gignificantly improved knee extensor force output

amongst professional playersdaomparison to amateur playehs particularthis appeared to

be mediatedoy nonneurogenianeans in terms of improvements in PAP as previously
reportedCochraneet al, 201Q Jordaret al, 2010Q. Interestindy, there weralsosignificant
differences irthe perceptions dhebenefts ofacute WBVT, with professional athletes
perceiving the intervention as beneficial to subsequent performance in comparison to amateu
players.These findings provided a new body of knowledge to the literature in how amateur
and professional soccer players respond to acute WB\sTibstantiabody of workexists

which hasexamined the effg of training status on respondedraditional PAP type

conditioning exercise which has been proposed as a major factor in differences in

potentiation effect between stronger and weaker ath{8ttzet al, 2014 Chiuet al, 2003
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Seitz and Haff, 2005 The evidence from the current findings suggests a similar theoretical
model should be examined in how acute WBVT effesabsequent performanbesed upon
thetraining level of theparticipants andest periodgrescribedThis initial exploration of the
neuromuscular differences in response to acute WBVT provides a number of new themes that
warrant further investigation such msiscularstrength levels of the participants, rest periods
and optimal dose respon3eéhese findngsalsoprovidesupport foiMcCall et al. (2015, that
more intervention studiespecifically withinprofessionaklite soccerare required as

making assumptions based on amateur participdata may be misleadinghe large body

of work in WBVT using amateur participants which was one of tlyedkizers for

investigating professital and amateur differencesPaper 4(Cloaket al, 20140 and 5
(Cloaket al, 2016 has highlighted @articular need for this in WBV@s well Professional
and amateuplayerdifferences have further reaching implicatidospractitionersf the

realts are mediated kiyeinitial stating strengthof the players. fie addition of acute

WBVT could be seen as an advancedhirg tool and not to be used gaunger or less

experienced players.

Overallpaper 5(Cloaket al, 2016)providessome key new knowledge with regatdscute
WBVT differences between professional and amateur soccer players and beliefs around the
intervention.In particular a larger body of knowledge on hgsofessionaklite and amateur
athletes respond to WBVT isquired to understand its effectiveness and what may influence
its efficacy(Cardinale and Erskine, 2008 also raisesome key theoretical points that

warrant further investigation such as whether the effectiveness of the/BME is

mediated by the coiitecbn or strength levels of the participant to dissipatigte following

acute WBVTconditioningexercise (Figure 10
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Figure 10 A hypothetical model presented piillin and Bishop, 2009 of the relationship
between PAP and fatigue following pcenditioning exercisévindow 1) Following the
conditioning exercise fatigue dissipates at a faster rate than PAP, and a potentiation of
subsequent explosive performance is realised during recovery (window 2).

As previouslymentionedthis PAP benk tends to be seen muscularlystronger athletes

who candeal with the conditioning stiolus and disipate fatigue quicker to gain maximal

PAP bemfits (Chiuet al, 2003 Seitzet al, 2014 Seitz and Haff, 2005 This was previously

seen with more traditional conditioning exercises $o of 1RM resistance exercise)

however the present results would suggest that this is also a contributing factor to the success
of acute WBVT and needs to be considdretbre prescribingAlthough this is the first

paper to look at the effect of training level of mruuscular responses iroscer some key
hypothesesre alsoaised hat require further enquiryrhese include the time course of the

PAP; this is particularly pertinent with regards team sports like satoeret al (2015

indicated that a high intensity wayap that included PAP indugjy conditioning exercises

can provide performance benefits to soccer players whictastor up to30 minutes.
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Macintoshet al. (2012 would question théheoretical modelRigure § (Russellet al, 2019

on PAP forming part of a warrap protocoldue to its limited duitzon in long durationevens
(i.e. matchplay). The duration and practical performance implicasion soccer performance
onthekey determinants of performancieg( speed, agility, distance covered, repeated sprint

ability, andjump ability) requiresfurther analysis.

A greater battery of strength diagnostic information is also requsethetriccontraction is

a good indicator of muscle potent{&leoghet al, 1999 and inparticular isometric
contraction provides high amountof muscleactivationof the quadricepsnuscle groups
duringtwitch interpolation techniquéBabaultet al, 2001). However this type of diagnostic
testing isdifficult andexpensive; more field based teststvength and power.€. 1RM,

CMJ or RSI) would providaneasierguide for coaches to use when prescridbigVT, and
more importantly decidingwho will gain the greatest beneffmongst active amateur
populations a load of 20Hz and 2mm amplitude é®nsideredufficient to produce

positive neuromuscular effedtisienhardet al, 20158, higher load, such as the ones used in
the current papd@OHz and 4mm) shoulthaybe only be considered for professional athletes
who have the physical characteristtosdeal with suclaload More research examining
optimal loading on WBVTis needed across a range of frequencies and amplituckrsuired
(Lienhardet al, 2015h. Lienhardet al (20153 argues that higher WBWVloadsbenefit

highly active individuals due tstiffer muscletendon unitsHowever a cautionary note is
required inthatthese same musetendon units maglsoput highly trained individuals at a
higher risk ofvibration induced injurylt is important noto just keep increasing loadth

the view that neuromuscular performance will improve in a linear fashion
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The keliefssurrounding the perceived benefifsacute WBVTrequires further exploratiorof
whichtheexactmechanism as to hoprofessional and amateur playeationaliseacute
WBVT differently. As previously mentioned the belief the participant has in the
intervention, particularly an acute intervention prior to performamas implications for
swccess and adherence. One possible reason is that WBVT witfrdgglenciesand
amplitudes produces highetings of perceived exertion (RREksthere appears to be a
correlation between frequency and RfMarin et al, 2015 Bertucciet al, 2019. The acute
WBVT as a preconditioning exercise does produce fatigue as our PAP results would suggest
and as presented Hgure 10 The differences in how the professional amtateuathletes
perceive this fatigue could explain the differences in beali¢fié interventionasphysical
fithess in soccer players appears to influence sessionRiRbezet al, 2011, Rabeloet al,
2016. Amateur players may hayperceivedhe WBVT asmuchharderthanprofessional
athletes and thefore not seen it dseneficial. Whicheve, the reasoning behind the
differences in beliefsurroundingacute WBVTrequires further investigatiomhat is clear is
there is a differencén professional soccer where the biggest barriers to wgnsrand half
time rewarmups are players having their own set routifvdsich they do not want to
disrup) and a unwillingness from coaching stafincorporatenew method¢Towlsonet al,
2013, additional information on playdreliefsconcerning thénterventionmay offer

particular scope fanfluencingsomeof these factors angmains to be addressed.
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Chapter Two - Thesis Conclusions and Directions for Future Studies

With regards the use 8YBVT the thesis presented has examined some of the key questions
around its effectiveness antepented a new body of evidence on its efficacy in chronic and
acute settings as well agroducingnew theoretical conceptghich may suggestts benefits

to an athlete or team.

In conclusion

U A simple progressive overload WIBVT improvesbalanceof FAl amongst injured
dancergPaperl)

U Theadditionof WBVT to atraditionalprogressiveehabilitationprotocol provides a
significantbenefitto soccer players suffering FAI in comparison to tiaddl
rehabilitationmethods alonéPaper 2)

U Acute WBVT as an addition to a wabktablishd warmup routine in soccer (FIFA
11+) improves aspects of RSI but not agility in amateur soccer pl@Begosr 3)

U Professional soccer players sheignificantimprovements in DPSI followingycling
combined withacuteWBVT in comparison to amateur players. Both groups show an
improvement in flexibility(Paper 4)

U Professionasoccerplayersshowsignificant improvements inrlee extensor force
outputand PARN comparison to aateur players when acute WBVTdsmbined
with cycling. Professional players also percedive intervention as beneficial

compared to amateur playé€Paper 5)
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Figure 11 Paradigm othe benefits ohcute ana¢hronic WBVT and the factors
which may influence its effectiveness.

Thethesishas idetified a number of areas féuture research and factors whictay
influenceWBVT effectivenessKigure 1). The chronic application of WBVT presented in
papers 1(Cloaket al, 2010 and 2 (Cloaket al, 2013 have shown balan@nd strength
improvementamongstthletic populations suffering FAI. Future studegsployinglarge
cohorts ofparticipantsand evaluatindgongitudinalinjury epidemiologydatapost WBVT are
required to understand the long term imp&¢BVT has at reducing injury incidence in
comparison to other methodihe results showarticular scope for other clinical populatson
who also suffer with a loss in balance and muscle funettonh could increase injury risk or

those suffering long term conditions such as Cerd?alaly or MultipleSclerosis.lt is
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important to also consét adherencend practicality of such interventions to truly evaluate

their feasibility as a rehabilitation tool.

The acute application of WBVT shows particular capacity to positively influence-wasm

or rewarmups in team sports. Howevgpapers 3(Cloaket al, 20144, 4 (Cloaket al,

20140 and 5(Cloaket al, 2016 have identified a number of possible mediating factors that
require tirther investigation such as optfintensity analurationof WBVT, theefficacy of

the interventiorto actual match performance and the training status of the participant. Future
studies should alsoonsidemsing moresophisticatedn vivo techniquedo examinecharges
muscle and tendon functionh@e should includ&anscranial magnetic stimulatighiMS)

to assess afferent and cortical signals post WBV Tewairomyographyuring WBVT with

the appopriatefiltering of mechanicahoisewould also providesuperiorinformation on how
participants responitd WBVT. Individual differences and optimal intensiteasd durations

for each usewill exist as with any training interventioinformationfrom the above
suggestions coulldelp to individualiseVBVT to fully maximise the benefitginally, the
difference inbeliefsbetweerpopulationgequiresfurtherinvestigation and is a model that
could be usedcrosstherinterdisciplinaryprojects investigating acute performance

enhancemenhterventions
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Appendix 1
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Paper 1: Cloak, R., Day, S., Nevill, A., and Wyon, M. (2010) Vibration training improves
balance in unstable ankldsternational Journal of Sports Medicingl, pp. 894€00.
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