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INTRODUCTION

?Feletal muscle is a specialised tissueL which modi,ies its overall ,unction capacity in response to

chronic eMercise with high loads Ne.g. Mc 1onagh and 1avies !OPKQ. 2he adaptation to the training

stimulus is related to the modi,ication induced by the repetition o, the daily eMerciseL which are

speci,ic ,or the movement eMecuted NCdington and Cdgerton L !ORSQ. ?trength training response has

been shown to be mediated by both neurogenic and myogenic ,actors Ne.g. Moritani and 1e TriesL

!OROQ. Untensive prolonged strength training is Fnown to induce a speci,ic neuromuscular Ne.g. ?aleL

!OPPQ and hormonal Ne.g. VueWennec et al  L!OPS Q adaptive responses in the human body in ,ew

months Lwhile the changes in the morphological structure occur  later N e.g. ?aleL!OPPQ. HoweverL

the eMact mechanism which regulate how the body adapts to the speci,ic demands upon it L is still

unFnown.   Un addition L even less Fnowledge are available in respect to ,atigueL relative strength

loss and hormonal changes during one acute session eMercises  N e.g. HaFFinen and /aFarinen

!OOYQ. Ut should be remindL that strength and eMplosive power training speci,ic programs are based

on eMercises per,ormed with rapid and violent variation o, the gravitational acceleration N;oscoL

!OOIQ. Vravity normally provides the maZor portion o, the mechanical stimulus responsible ,or the

development o, the muscle structure during everyday li,e and during training. Un this connectionL

simulation o, hypergravity Nwearing vests with eMtra loadsQ conditions has been utilised ,or

enhancement o, human eMplosive muscle power N;osco et al.L !OPK; ;osco !OPYQ. On the other

handL changes o, the gravitational conditions can be produced also by mechanical vibrations applied

to the whole body. Un light o, the above observationsL it can be assumed that application o, whole

body vibration and]or locally applied vibrations to physical active subZects could in,luence the

mechanical behaviour o, lower and upper limbs^ muscles. Tibrations have been eMtensively studied

in occupational medicine and ergonomics. Ut means that they represent some sort o, stimulus to

which all o, us undergo in daily activities. _iterature on vibration is mostly related to the study o,

vibrations as a diagnostic tool and on their e,,ect on chronical eMposure. Un ,actL most o, the worF

has been carried out in occupational medicine and ergonomics and in animal eMperiments to be able

to understand what is the e,,ect o, vibrations on human body. HoweverL even i, there is a

respectable amount o, scienti,ic worF on the topicL it is di,,icult to come to a consensus since

di,,erent devices have been used and di,,erent vibration treatments have been utilised Nchanging

,requencyL acceleration and displacementQ.  MoreoverL the application o, vibrations as an eMercise

tool is a rather new topic in literature Ni.e. Ussurin !OOKL Ussurin et al.L !OOOQ. ;ased upon the

literature ,indings it is possible to a,,irm that vibrations provide a strong stimulus ,or the

neuromuscular systemL the bone and the muscle tissue itsel,. aot only thatL hormonal responses
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have been identi,ied in human and animal eMperiments ,ollowing vibrations treatments Ni.e. Mc>all

et al.L IJJJ; 1mitriev b 2ropniFovaL !OPPQ. 2he aim o, this worF was to study the e,,ects o,

vibrations on human per,ormance and hormonal pro,ile and to provide ,urther in,ormation ,or

applying vibration eMercise in the athletic setting.

Research Hypotheses

2he problem addressed in this series o, studies was the e,,ect o, vibrations on human per,ormance

and hormonal pro,ile. ;ased upon the literature ,indingsL the ,ollowing research hypotheses were

generatedE

!Q /rolonged administration o, vibration treatments produce enhancement o, neuromuscular

per,ormance similar to the improvements obtained ,ollowing eMplosive Zumping training and

resistance eMercise

IQ #cute e,,ects o, vibrations treatment modi,ications o, neuromuscular per,ormance and

hormonal pro,ile similar to the ones observed ,ollowing resistance eMercise or eMplosive Zumping

training

"Q Tibration treatment lead to an improvement o, neuromuscular e,,iciency.

METHODS

# total o, siMtytwo subZects voluntarily participated to the studies. 2hey were all physically active

and involved in regular eMercise. 2heir characteristics are presented in the ,ollowing tableE

Study Number Gender
Age (years)

+ SD

Height (cm)

+ SD

Weight (kg)

+ SD

! !K  IJ.I c J.O !RO.Y c !J.! RI.P c Y.O

I S  !O.Y c I.! !RK.O c ".I SY.! c ".R

" !I  IJ.! c ".! !R".R c R.I SO.S c I!.K

K !K  IY.! c K.S !RR.K c !I." PJ.O c !I.O

Y P  "J.R c Y." !PP c K.R PO." c R.I

S P  I!.P c I.I !PJ.! c S.K P!.K c I!.Y

#nthropometric measures Nheight and weightQ were recorded together with the age o, the subZects at

the beginning o, each study.
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Vertical Jumping. 2he ,ollowings Zumping tests were per,ormedE counter movement Zump N>MdQ

and Ys o, continuous Zumping NYs >dQ.2he ,light time Nt,Q and contact time NtcQ o, each single Zump

were recorded on a resistive NcapacitativeQ plat,orm N;osco et al.L !OP"Q connected to a digital timer

Naccuracy e J.JJ!sQ NCrgoZumpL /sion f/L M#.VU.>#.GomeL UtalyQ. 2o avoid ungmeasurable worFL

horiWontal and lateral displacements were minimisedL and the hands were Fept  on the hips through

the test. 1uring >Md the Fnee angular displacement was standardised that the subZects were

required to bend their Fnee approMimately OJh. 2he rise o, the centre o, gravity above the ground Nh

in metersQ were measured ,rom ,light time Nt,  in secondsQ applying ballistic lawsE

h i t,I j g j Pg! N m Q                                                                                k!l

where g is the acceleration o, gravity NO.P! mjsgIQ. 1uring >d eMercises the subZect were required to

per,orm the maMimal Zumping e,,ort minimising Fnee angular displacement during contact. Brom

the recordings o,  t,   and tc the average mechanical power N#/QL average rise o, center o, gravity

N#HQ were calculated ,or the total Ys continuos Zumping. Brom Ys >d the best Zumping per,ormance

was selected and maMimal mechanical power N/;dQ as well as the highest rise o, center o, gravity

NH;dQ  were obtained using the equation introduced by ;osco et al. N!OP"Q E

#/ i 2,  j 2  j  IK.JS j N 2c Qg!  NW j Fg bmg!Q                                   kIl

where / is the mechanical power per Filogram o, body massL 2,  the sum o, the total ,light timeL 2t

the total worFing time NYsQL and 2c the sum o,  the total contact time. 2he average height during Ys

>d and the H;d were computed using ,ormula k!l. 2he reproducibility o, the mechanical power test

NYs >dQ and >Md per,ormances were high with respectively ri.OY and r i.OJ N;osco et al.L !OP";

Tiitasalo b ;oscoL !OPIQ.

Iso-inertial dynamometry was implemented in study IL"LKLY and S. 1uring the testL the vertical

displacements o, the loads were monitored with simple mechanics and sensor arrangement NMuscle

_abnL Crgotest 2echnology #.?.L _angensundL aorwayQ. 2he loads were mechanically linFed to an

encoder inter,aced to an electronic microprocessor  NMuscle _abL /at. ao.!IK!SR!Q. When the loads

were moved by the subZects a signal was transmitted by the sensor every "mm o, displacement.

2hus it was possible to calculate average velocity  N#TQL accelerationL average ,orce N#BQL and

average power N#/QL corresponding to the load displacements N,or details see ;osco et al.L !OOYQ.

2he dynamic eMercises reproducibility testing gave a testgretest correlation r i J.OY ,or the average

power N/Q   N;osco et al.L !OOYQ.

Electromyography. CMV analyses were per,ormed with bipolar sur,ace electrodes Ninterelectrode

distance !.I cmQ including an ampli,ier Ngain SJJL input impedance IViga �L >MMG !JJd;L bandg

pass ,ilter Sg!YJJ HW; ;iochip VrenobleL BranceQ ,iMed longitudinally over the muscle belly. 2he

Muscle_ab converted the ampli,ied CMV raw signal to an average rootgmeangsquare NrmsQ signal
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via its built in hardware circuit networF NBrequency response KYJFHWL averaging constant !JJmsL

total error e J.YoQ. 2he CMVrms was eMpressed in ,unction o, the time Nmillivolts or microvoltsQ.

?ince the CMVrms signals were used in relation with biogmechanical parameters measured with

Mucle_abL they were simultaneously sampled at !JJHW. 2he subZects wore a sFin suit to prevent the

cables ,rom swinging and ,rom causing movement arte,act. # personal computer N/> KPS 1fg

""MHWQ was used to collect and store the data.

Hormonal measurement. 2he ,irst blood samples were drawn at JPEJJ a.m ,rom an antecubital

vein a,ter !I hours ,asting and ! days resting. 2he second blood sample was obtained right a,ter the

end o, the vibration treatment. 2he subZects were asFed to sit near to the vibration machineL where

an appropriate setup was prepared ,or blood collection. 2he blood samples were drawn in the !gmin

,ollowing the end o, the vibration treatment. ?erum samples to be used ,or hormone determinations

were Fept ,roWen at pIJh> until assayed. 2he assay ,or serum total 2 and cortisol N >Q were

per,ormed by radioimmunoassay NGU#Q using reagent Fits N1iagnostic /roducts >orporationL _os

#ngeles >ali,orniaL A?#Q. Vrowth hormone was measured using GU# reagent Fits obtained ,rom

radium N/omeWiaL UtalyQ. #ll samples ,rom the tested subZects were analysed using GU# counter

N>O;G# YJJYL /acFard UnstrumentsL MeridenL A?#Q. 2he intragassay coe,,icients o, variations ,or

duplicate samples were ".S"o ,or 2L Y.!o ,or > and I.!o ,or VH.

Blood lactate measurement. /eaF lactate concentration was determined ,rom the subZect^s ear lobe

blood samples be,ore testg!L and "gYgR min a,ter "Jrga and "JrgT. 2he tests were degproiteneWed in

ice gcold percloric acid ,or subsequent analysis o, lactic acid  NCnWymatic methodL ;iochimicaL

;oehringL MannheimL VermanyQ.

Statistical methods. Ordinary statistical methods were employedL including the calculations o,

means and standard deviation. 2he /earson product moment correlation coe,,icient Nr Q was used ,or

test regtest measurement reliability and ,or correlational analyses. 2he ?1 and >T o, test regtest

measurement were calculated using the ,ollowing equation N2horstensson !ORSQ

  !
I! QNQ

I
IJJN −+= xxxSDxCV  k"l

where M! and MI are the mean average values o, two successive measurements L and ?1 is the

standard deviation o, the mean di,,erences between test regtest measurements. 1i,,erences between

the mean values be,ore and a,ter the vibration treatment were tested ,or signi,icance using ?tudent^s

tgtest ,or paired observations. Gepeated measures #aOT# was also used in study S. Bor all the

studiesL alpha was set at pq.JY.

TREATMENTS. Whole body vibration was delivered to the body by means o, vibrating plates

NValileoL aovotecL Vermany and aemesL CrgotestL VreeceQ. 2hose specially designed machines
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were able to produce sinusoidal type o, oscillations o, relatively low amplitude NS to !J mm peaF to

peaFQ. 2he ,requencies used in the eMperiments were ISHW and "JHW. Tibration were locally

applied by means o, specially designed vibrating dumbbells NValileoL aovotecL VermanyQ

producing sinusoidal vibrations o, relatively small amplitude NK to S mmQ and ,requency NJg"J HWQ.

RESULTS

2he ,irst eMperiment was aimed to analyse the e,,ects o, a chronic eMposure to vibration eMercise ,or

!J days on vertical Zumping ability o, physically active subZects. #verage Zumping height during Ys

continuous Zumping was shown to be signi,icantly improved by !!.Oo in the eMperimental group.

2he height o, rise o, centre o, gravity and average power o, the best Zump recorded during Ys

continuous Zumping was also shown to improve. ao changes were observed in counter movement

Zump.  Ut was suggested that the adaptive response to vibration eMercise was connected to neural

,actors since no increase in muscle siWe could be detected in less than I weeFs o, eMercise. #lsoL

vibrations were shown to a,,ect sti,,ness modulation suggesting strong in,luence o, vibration

eMposure on the Ua loop.

Fig.1. The effects of 0 days of vibration on the height of rise of C.G. measured during continuous vertical jumps.

Asterisk denotes statistically significant differences (p<.05)

2he second eMperiment was aimed to investigate the acute e,,ects o, vibration eMercise on the

,orce]velocity relationship o, lower limbs. Bive minutes eMposure to vibration eMercise in static

position were shown to shi,t the ,orce]velocity and the power]velocity curve to the right in

pro,essional volleyball players.  Ut was suggested that the improvements in B]T and /]T relationship

were due to neural ,actors connected to ,orce generating capacity in human sFeletal muscle. aeural

adaptations have been quoted to be the main adaptive response leading to an increased ,orceg

generating capacity without a concomitant increase in crossgsectional area Ni.e. ?aleL !OPPQ. 1ue to
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the short application o, vibration treatment N,ive minutesQ and the early gains observedL the

neuromuscular aspects were underlined as predominant in determining the observed response.

Fig.2. Borce]velocity relationship and /ower]velocity relationship measured with isoinertial dynamometry with K

di,,erent loads during leg press eMercise. #ll the data are signi,icantly di,,erent ,orm pregtreatment values. Npq.JYQ.

2he third eMperiment tested the e,,icacy o, vibration treatment on the upper limbs o, wellgtrained

international level boMers. Ut was ,ound that ,ive minutes vibrations with a protocol similar to the

one used in eMperiment two were capable o, enhancing arm ,leMors mechanical power by !" o.

CMV analyses showed a reduction in CMVrms activity ,ollowing vibration eMercise concomitant to

an increase in average power. 2his ,inding suggested an increased neuromuscular e,,iciency

,ollowing vibration eMposure. CMVrms measured during vibration eMposure was ,ound to reach

levels higher than IJJo o, the CMVrms measured in normal conditionsL supporting the occurrence

o, the tonic vibration re,leM with vibration eMposure. 2he results supported the idea that acute

adaptive responses to vibration eMposure were connected to neural ,actors. Un particularL the reduced

CMV and the parallel increase in mechanical power suggested an increased e,,iciency o, the� �

and � loop leading to an improved Zoint sti,,ness modulation.
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2he ,ourth eMperiment was conducted in order to veri,y acute hormonal responses to vibration

eMposure in wellgtrained subZects. Bor this aimL a total o, R minutes vibrations were administered

through a vibrating plate to wellgtrained handball players. Tertical Zumping ability was shown to

decrease together with serum testosterone and serum cortisol concentrations. 2he results suggested

that R minutes vibration represented a stress,ul treatment protocol leading to an impaired

neuromuscular per,ormance. 2he parallel decrease in 2estosterone and cortisol levels also showed

an impaired activity o, pituitarygadrenocortical and pituitarygtesticular aMes with a R minute

protocol.

2he ,i,th eMperiment was conducted to analyse the e,,ectiveness o, a vibration eMercise protocol

di,,erent ,rom the one used in eMperiment ,our on hormonal pro,ile and vertical Zumping ability. Bor

this scopeL a total o, !J minutes vibration treatment were administered divided in two sets o, ,ive

subgsets lasting one minute eachL with S minutes rest in between sets. 2estosterone levels were

shown to improve by Ro ,ollowing the vibration treatment. Vrowth hormone levels increased by

KSJo and cortisol levels decreased by "Io. # parallel enhancement o, vertical Zump was observed

Nc KoQL together with an increased mechanical power o, lower limbs during leg press eMercise

NcRoQ and a reduced CMV activity o, leg eMtensors muscles Ng!JoQ. 2he results suggested that the

physiological responses to vibration eMercise can vary depending on the protocol utilised.

MoreoverL considering the observed hormonal responses and the adaptations in neuromuscular

per,ormanceL vibration eMercise can represent an e,,ective eMercise intervention ,or increasing

,orceggenerating capacity and a,,ecting hormonal pro,ile even in wellgtrained populations.
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2he ,inal eMperiment compared the e,,ects o, ,atiguing eMercise protocols with and without

superimposed vibrations. Brom this study it was concluded that dynamic muscle activation with

superimposed vibration produced an average power Po higher than in normal conditions. CMV

activity recorded during arm ,leMion with superimposed vibration was shown to be !Ko higher than

during the same tasF per,ormed without superimposed vibrations. /eripheral ,actors were mainly

involved in determining ,atigue during the superimposed vibration tasF as shown by the negative

relationship ,ound between power and _# Nr i g.P"; pq J.JYQ. 2his phenomenon suggested that

during superimposed vibrations larger motor units were most probably recruited leading to an

increased power per,ormance and to lactate accumulation as compared to the normal condition.

With re,erence to the current literatureL the results o, this thesis have con,irmedE

!. Tibration eMercise can lead to an increase in vertical Zumping ability even in wellgtrained

subZects
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I. Tibration eMercise can lead to an increase in mechanical power o, lower limbs

". Tibration eMercise improves ,orceggenerating capacity o, human sFeletal muscles

K. Tibration eMercise determines speci,ic hormonal responses based upon the treatment

protocol

Y. Tibration eMercise can improve neuromuscular per,ormance and a,,ect hormonal production

based upon the duration and the characteristics o, the vibration stimulus

Conclusions

2hese ,indings suggest that vibration could represent an e,,ective eMercise intervention ,or

enhancing neuromuscular per,ormance in athletes.  HoweverL it seems appropriate to consider other

applications to the general population.  We are convinced that vibration could be an e,,ective

eMercise intervention ,or reducing the e,,ects o, aging on musculosFeletal structures.  2he potential

in,luence o, vibration on hormonal activity also opens interesting perspectives ,or its application in

training and rehabilitation programs ,or di,,erent pathologies.  1ue to the enormous potentials o,

vibration eMercise treatmentsL it is also important to study the e,,ects o, longgterm vibration eMercise

programs on di,,erent physiological parameters and de,ine sa,e eMercise protocols based upon

individual responses to vibration stimuli.  AltimatelyL the e,,ects o, vibration eMercise on

musculosFeletal interactions need to be analyWedL to veri,y the e,,ectiveness o, this ,orm o, eMercise

on bone remodellingL including the potential e,,ects on osteoporosis.
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