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Ergebnisse: Im Vergleich zum traditionellen 

konnte bei den Parametern Maximalkraft, 

max. Wiederholungszahl und DJ

signifikanter Vorteil des Beschleunigungs

trainings festgestellt werden (5,0 %, 17,1 %, 

2,9 % bei KT; 8,9 %, 32,4 %, 13,3 % bei PP

low; 14,7 %, 39,3 %, 15,6 % bei 

den anderen drei untersuchten Parametern 

konnten keine signifikanten Unterschiede in 

den Effekten durch ein traditionelles und ein 

Beschleunigungstraining beobachtet 

werden. Die Veränderungen in der 

Kontrollgruppe waren statistisch unauffälli

Fazit: Ein Beschleunigungstraining mit der Power 

Plate ist trotz des im Vergleich zum 

traditionellen Trainings geringeren 

Zeitaufwandes eine effektive Methode, um 

die Maximalkraft, ausgewählte Sprung

kraftfähigkeiten und weitere Leistungs

faktoren bei einem wohldosierten 

Trainingsregime positiv beeinflussen zu 

können.  
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Im Vergleich zum traditionellen Krafttraining 

konnte bei den Parametern Maximalkraft, 

max. Wiederholungszahl und DJ-Höhe ein 

signifikanter Vorteil des Beschleunigungs-

trainings festgestellt werden (5,0 %, 17,1 %, 

2,9 % bei KT; 8,9 %, 32,4 %, 13,3 % bei PP-

low; 14,7 %, 39,3 %, 15,6 % bei PP-high). Bei 

den anderen drei untersuchten Parametern 

konnten keine signifikanten Unterschiede in 

den Effekten durch ein traditionelles und ein 

Beschleunigungstraining beobachtet 

werden. Die Veränderungen in der 

Kontrollgruppe waren statistisch unauffällig. 

Ein Beschleunigungstraining mit der Power 

Plate ist trotz des im Vergleich zum 

traditionellen Trainings geringeren 

Zeitaufwandes eine effektive Methode, um 

die Maximalkraft, ausgewählte Sprung-

kraftfähigkeiten und weitere Leistungs-

inem wohldosierten 

Trainingsregime positiv beeinflussen zu 
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The maiq lt$lts of on. re@t s*eml studi6, i.e. the e€asu{emeüt of vib.aüon tmining rsuits for sir8ie ca* and 8roüp studies
as neil as the @rd;ovasla. pructq medufuftis dndng vibmlions and drc @rrespondirg hydrod'@ic arl}rysis" are
sßnariz-.d.0ür srudi€s and prclious wort a{ @!ne üar qbütion txaiding is e €fkrtiv€ üaining melhod in oldd ro ielrove
']aximal s.Iengh aod fl.libility as well as wio$ attrcr facrors if the t aiflina is p'opcriy d6i8Eed. Sone recon'n€odntiong
rcAarding lh€ prope. rary$ of f.oquoEci€s, epüt ds and eposure duralioD of viblalion |Iainidg are md. b.sd on the €{isting
nbr tion tiainil|g praclice ä3d m€lhanisd aai)sis. allhoneh ün.h vork remis to b€ caFi€d on! in ordd to wt xp dea..nles for
varions SroEps of people sD tlal mxi&t toining E$lts @rild te ery€cted and ia rhe rem1im€ pototial ddeüons eü€cb roüld

Cärdiovascr tr püeet6 matremenrs confi.m thlrt toral penphüal Nista!.e (TPR) 10 the blood flo*is in<:@*d dijrhg bady
viblation- HydroÖmanic analysis o{feß th6 Dchanisü for the indease ofTPR thr]){eü the defodatior ofressels. As s @!tio! of
@mpcsatjol mo€.apillaries d. pFbably opfled in ord6r to kep a rese1ry lwel of cardiac olipdr neded for th. tuody,
resulling ;n moß cfficient gas and Mrcrial merabolisn beaB€fl drc biood atrd nü$le AbK. This nieht bc one of the {esons for the
lar;oüs porstial bdeficial eff@ts of aibation iraitring.
iO 2005 Els€vis Ltd- Aii nshrs €sl€d.

r4ni!n& Tniüins; VibEtioq Ca.dions.lnär etlers

l- Irtrodrction

Vibrätion, as a spe.ial üethod for strength trainidg,
häs attmcted attention for two decadcs. The vibration
taiaing design can be mllglüy descdbed as foflows.
Some or some goüps of subjects arc choser for single
€ase or group studies. Ali the subjects are.€quired to do
vibratior training a Gw times a we€k for soüe weeks.
Ce ain parameteß, c.g. the maximai lorce of c€rtain
muscle, the height of counter movement jump, tte
height of drop jump. contact tinle to the glound for
drop jump, force endumnc€, etc. are taken as indicators
of tl]e kaining ellects and measured bcfofe, düring, and
äfter the cntire training period. For maximal muscle
stlength, most studies showcd significant (10-50%)

irrprovcmeols dric to vih?tioü traioing (Arn-ßfror1g et
al., 1987; Becena Motta ä!d Beckcr. 2001; Becerra
Monä er al.. 200): Ts.uan cl al.. loqa: Weber, l9a';
Bosco €t al., i999; Kube, 2001 Berschin et a1., 2003)- A
fe$, studies (e.g. Mülier et äl-, 2003) showed no
significant improvements. For ot&er hdicators, e.g- the
jumpirg heigh! some in estigations showed modelate
(up to l0%) inp.oyements (Müller et al., 2003), while
some othff studi€s showed no sigificant improvederts
or ev€n negative results (Künnemey€r ar}d Schmidtbl€-
icher, 1997; Kirbe, 2002). Obvionsly, differetrt desig$ of
vibratioü training made tlle difference to the training
resülts. (For a more detailed review on the effects of
vibration taining, see Mester et al., 2003.)

ln addition to the €xpectation ol good tlailring
resuits, safety consideration is another issue related to
vibration training. Actually, the laboratory investiga-
tions of various possible damaging cffects to animals

*Corespondiq author 'tel.: + 49 22149A24a30.
-4,2'7 d./d/e$r ,ae@dslstoeln.de (2. Yüe).

0021-9290/$ -se fronr marts O 2005 Elselier Lrd. All rights resened.
doi:10.1016/j jbion€h.2005.02.015
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and humans causcd by vibfations as well as thosc in the
field of work science can be traced back to 1950s
(Roman, 1958; Schaefer et al., 1959; Sass, 1969; Magid
et a1., 1960; Dupuis and Zerlett, 1987; Seidel and Heide,
1986; Griffin, 1994; Ftitz, 1997t Treier, 1997). In the
field of work science, the safety standard has been
formulated as a region in the plane of acceleratron vs.
ei(posurc time (ISO 2631-1, 1997).

It would be more difficult to forrnulatc the corre-
sponding safety standard for vibration training because
many more paramet€rs would be involved. These
parameters would includc ihe freqüency, the amplitude
of tlle vibrating facllity, the intensity, tle load and the
düration of each training, rhe duratior of the intef-
traidng resting phase, the length of the entire training
period, the body position with respect to the vibrating

'i facility, and so on. A special issue of the safety
corsideration is resonance. Generally speating, reso-
ndrce should be avoid€d. Resonancc liequency depends
or the body weighl, the stilTness of thc muscles as
well as the body position wilh rcspect to the vibrating
facility etc.

In ihe final analysis, the purpose of lhe research for
vibration training is to try to establisb thc guidelines in
order to get ma\imal benelits from vibration training
atrd i the meantime to avoid the potcntial dangers
associated with vibratiofl traidng. The body reaction
during vibratiotrs is not only biomechanical, bnt also
physiological. Namely, all systems in the body, includ-
ing neuromuscular system, cardiovascular syst€m, etc.,
are reacting to tle vibrations. Due to the complexiiy of
tl s topic, tte first and the majoi approach in this
research field is dir€ct medsurement of the training
results. This approach, referred to as Approach I
hereafter, can be divided into two types: (1) singlc casc

.'' study, and (2) group study. In sinsle case study, a few
subjccts, usually of different levels, are chosen to do
vibration training based on a certain design. The
longitudinal change, i.e. the lime history, of certain
paramete$ will show not only the final training results,
but also the adaptation process. In a group study,
severai groups of subjects arc chosen randolily from a
big population. One group senes as tlle control Foup,
one group is given traditional training without vibra-
tion, the remaining Foups are glv€11 vibration tüinings
with different designs regarding the frequency, ampli
tude, addi{ional loading, etc. The coüparison of the
taining results, also thmugh some indicators, among
differcnt groups wif reveal the effects of vibütion
training compar€d witl traditional training and the
dilferences made by different desigrs. The second and
also impoftant approach in this research 6eld, refened
to as Approach II hereafief, is mechanism analysis,
which rvill help to have a deeper understanding of the
training process and t(aining rcsu1ts, and to make better
design of vibration trainilg. Apprcach II can aiso be

further divided into two types: (1) measurement ofsome
biomechanical and physiological parameteß, e.g. eiec-
tromyograph (EMG), pressing force on the vibratirg
platform, oxygen uptake, various cardiovascular para-
meters (heaft ratc, blood pressure, total peripheral
resistance (TPR), lactate) during each vibration training
or the ertirc training period, and (2) thcoretical analysis
in terms of model analysis and biomechanical calcula-
tions etc. The first type of mcchanism analysis would
help to nnd out the biomechanical and physiological
reactions of the body during vibration training, while
the second type, i.e. the theoretical 4nalysis, would
help to urderstand the mechanism of thc polential
benefits and dangers ard to get the trcnds of various
relations, e.g. the relation betw€€n the transmission
faclor and tle ftequency, the relation between the
resonance frequency and the body mass as well as
the stiffness of the muscles, lhe relation bctween the
increased shear stress in thc blood vessel caused by
vibration and the size of the vessel as well as the
vibration frequency, etc. For simplicity, the above-
mentioned two twes of studies in each of the two
approaches wjll be denoted by types (I,1), (I,2), 0I,l),
(II,2) respectively, where for cxample (I,1) stands fbr
typclofApproachletc.

The mcthods and the rcsults of our several recent
studies lvill be presented in Section 2 ard Scction 3,
respectivsly. Some further points will bc discussed in
Seclion 4. Conclusions will be dmwn and recommenda-
tions will be made in Section 5.

2. Methods

For convenience, our several recent studies will be
referred to as Study I, Study II, Study III and Study IV,
which belons to types (I,l), (I,2), (II,1), (II,2) respec-
tively. The specific mcthods of these studies will be
outlined as follows.

2.1. Study I: single cdse stu4r af the Dibration truining
eflecß

One high-level fcmale athlete and one lowlevel male
athlete were given 2 3 times vibmtion trainings per w€ek
for 6 weeks. The vibrating facilities used for trainiry
were Novotec dumbbell and Power Plate platform. For
Novotec dumbbell, lrequencies of 20 25 Hz and ampli-
tude of 4 mm were used, while for Pow€r Plate platform,
frequercy of 35Hz and amplitude of 2mm were Ned
The 6 weeks of vibmtion taining period was followed
by 2 weeks of rest and 3 morths of traditional training
(once a week). Measurements of t]rc corresponding
forces for six exercises (Bench Press, Triceps Press, Neck
Press, Latissimus Pulldown, Biceps Curl (dgh0, Biceps
Curl (left)) werc made many times not only dudrg the 6
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weeks of vibration training period but also during the
following 3 months and half ill order to get the tlme
hislory of the conesponding forces for th,- whole
training and adaptation process.

2.2. Study II: !rcup stutli af the uibration trcin@ effects

42 male sport students werc randomly chosen lrom
tle population ol the male students in Geman Sport
Universiry (Coiogne). They were randonly a.ranged
into four gtoups, so that each group had n= 10-12
subjects- First goup (r,: i0) was given traditional
trairdng without viirmtions. The s€cond (n : 1 2) and the
third (n : 12) groups were givetr vibration traioing wrth
ampiitud€s of 2 aad 4rnm, respeclively. Tbe vib.atior
träinilg fatilily was Power Plat€ platfo.m, atrd tle

J freqlrency ratrge was 30 50I{2. Thc subject was only
reqxired to tep€at sqüalting with certain weight (50% ol
i RM, where IRM stards foi Repetition Maximüm)
held by hand,. above the head- The fon th group
(z: l0) scrv€d äs contml gronp. Tbree tüining ütrts
per week rvere armnged for 6 weeks for the first tLree
groups. For comp3rison sü paramete$ (Isometric
&tnximal Stretrgth, Maximal Repetilion Nüsber,
Iteighl of Squat Jümp, Height of Coülter Moveme.t
tump, *{eight of Dlop Jümp, Cotrtact Time ol Drop
Jnmpl {akea as itrdicalors of the training eff€cts, werc
measw'd for €ach sübject in the firrr grollls at
b€ginning, düring, and at th€ etrd of rLe 6 t/€eks of
training period. The Isomet ic Maximal Stl€nglh was
measurd by Desmotronic Leg P!€ss. The Diop Jamp
height was defined by the h€ight ofthe centrc of mass ol
rhe body reach€d by the $ibjed as te dropped fror1r ile
top suface of a box of 35cn heighl to the grord and
jumped :.:p. A higher jumpiag height with the sade

J conract tjme 10 the ground, o. tbe same jumping heiglt
$ith short€r cortacl time. or higherjuüping hsiglt with
sLorler contacl tide wodd !I be rcgarded as aa
improv€ment. 'Ihe average of the fnal val&es of a glver
iadicalor over a given glolp was compa&d with the
a!€mge of the begiming values of the saoe hdicatol
ovor the sa.r-re $oüp to get the ater3ge gaiü of this
irdicator for this gmup. This was done for all indicatoß
and all groups. Frcm the compadson of lhe avelage
gains among düferetrt groups, it could be judged
whether tle dillercnces made by vibrations were
signiäcant o. not.

2.3. Stu,) III: meawtenents of ca ia"ascukl
par.rmeters during body Dibrutions

The measurements were caried out for two subjects
(a healthy strong mafl of 43 and a healthy young woman
of 24). The subjects werc standing otr the Power Plate
vibrating platform fteoly when various cardiovascular
parameters, e.g. head rate (HR), systolic, diastolic and

mean blood pressures (sBP, dBP, mBP), cardiac output
(CO), TPR, as well as ECG were measured Fach such

vibration test lasled 30 s, followed by a resting phase of
30s. The tests were carricd oüt for two amplitudes (2,

4mm) and three frequencies (30, 40, 50Hz) Thüs, six
tcsls were carried out for each of the two subjects- A
fhe cardiovascular parameters were measured by Task
Force Monitor 3040i. wherc TPR was de$ned by
TPR: mBP/CO, and CO is equal to the produci of
HR and stroke volüme (S\/). The vallre of Sv was
obtained from the ICG (hnp€danc€ Cardioeüph),
based on the dependcnce of el€ctric impedänce of the
chest xpon lhe blood volume in aorta.

2.4. Study IV: hfboltwami a alJsß fot the e|Tecß of
bodl tibrations on bload dtttlßtinn

For a gilen piece of blood vessei ard a glvell diriction
of vibratioü, the vibration catr be ditided inlo long-
itudinal (paraltel to the vessel) ard lateral {perpcndicular
to thc vessei) compotretrls, which we.e tleated sepa-
üte1y- The longihrdinal effrcts were studied by qüanti_

tatile solutions of hyd.odytramic €q]lation! with
oscillating boundary conditioB- Thc blood '!€s.sel was
treate.d as a rigid clrcülar tube, and the blood *as
treat€d as incomprcssible unitonn Newtotria{ fluid

lsirce the vibration freqüsn€y, lsually larger than
20 Hz, is rnuch higtrer than the lrequ€ücy of pulsation
(abltt I Hz), ihe pülsation can be omitled as the first
appmximatjon and thc vessel can be tr€ated as dgid
tube for the diso-ussion of the loDgitudinal etr€cts of
vib.ätior. The non-N€wtonian propcrty of tle blood
becomes important only for small vessels of diameters
small€r thaü 0.5mm {ct Liu ard Li. 199?), w}ne the
longitüdinal effects a.e important only for latg€ ve-qsels
(see Section 3.4). Thüs, it is a good approxlrnatrorl to
treat the blood as incompressible Nevloüian flüid for
the discussion of tho iorsitudinal effecis of vibiations.l
The $olution for the steady flow witäout viblatioa was
kno!\{i (Poiseui e ffow). The equatlon ard the boutdary
condition for the differences or Pelturbations catscd by
the übratiotr werc cstabtished and solved. Once the
distribution of velocity perturbation was oblaired, the
distribution of shear sk€ss perturbation, which is
p.oportional to the gradient of tle velocity porturba-
t ion, could be cälculä(ed. fh 'rs.  rbe shcdr srre" increa.e
at the wall of the blood vessel caused by the vibßtion
and the relation of such jncrease to various parameters,
e.g. the frequency and local longitudinal amplitude of
vibration as well as the radius of the vessel, could be
found. For lateral effects, a qualitative analysis, takng
into account the deformation of the blood vessels, was
suffisient to reveal the effects of body vibration on TPR
and lherefore to indicate the possible effects of body
vibütions on the global slructurc of blood vessels and
the emciency of motabolism.
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3. Res|rlts

T}le main resülts of Studies I to Iv listed in tte last
section can be outlined as follows.

3.1. Resuhs of studf I: si gk se study of the tibrution
truinitg effects

The main resülts of Study I are shown in Figs. I
and 2, wherc Fie. I shows the dnal gains, given by
perccntages, of the forces for the six exercises and the
r$o subjects.  Final gajnc se.e baced on rhe comparisor
between the measurcments before tle kaining and the
msrsurements when the entire adaptation tlme was over,
i.e. about th-ree and half months aftor the end of the 6

wceks vibration tmining. Fof each exercise, the left bar is
for the high-level athlet€ and tle dght bar lor the low-
level athlete. The gains of the highlevel athlet€ was much
larger than the gains of the lowlevel athlete, averagely
30% vs. 10%. Fig. 2 shows the timc history of the
maximal strengths of tho two subj€cts in Bench Prcss. The
ma{imal strelgth, also given in percentage, was fust
decreasing trcmendoüsly, reaching tho valley at t}le end of
rfie 6 \aeek\ of vibration training, dnd üen increasing
gradually, rcaching the tual ma-ximal vahres tbfte and
halfmonths after the end ofthe 6 weeks training period.
Thus, Fig. 2 shows a tlpical adaptation process:
loading + fatigue - recovery + overcompensatron.

3.2. Results of study II: group Nta4, of the Dibation
truining elkcts

The main rcsults of Study II are shown in Table 1.
For three parameters, Isometdc Ma-{imal Strength,
Number of Maximal Repetitions and Height of Drop
Jump, the positive effe€ts of vibration werc sigdficant
compared to ttaditional üaining. For the remarmng
thrce parameters, i.e. Height of Squat Jump, Height of
Coutrter Movement Jump atrd Contact Time for Drop
Jump, the differences made by vibralior werc not
significant. For Study II, the measur€ments were
unfortunately stopped at the end of the training period
without going or ftrther lor some technical reasons.
Even higher posiiive rcsults of vihation tminhg might
be expected if the measurements had b€€n continued for
a longer trme.

3.3. Resuhs of stüdy III: meaturements of cardio1ascular
parumeteß during bodJi tibratio,ls

The maitr rcsults of Study III are given in Figs. F5,
which show the average valües of CO, mBP ard TPR
during each vibmtion test compar€d with tle values
beforc and after tle tests. The value dfter tests was
detued by the average over the 30 s iirmediately after all
the tests. The results for the two subjccts have t}le
following common featurcs: (1) Except the last vibration
test (50 Hz, 4 mm), TPR increased considerably for botl
subjects düring vibations compared with before tte
tests (Fig. 5(a) and (b)). This is an important effe.t of
body vibration on the cardiovascular systeü. A hydro-
dynamic explanation can be givetr for this effect (see ihe
next sub Section 3.4). (2) The mean blood prcssue
inoeased during vibratioß for both $rbjects (Fig. 4(a)
and (b)) in order to mainlain a necessary CO. Actually,
CO deqeased sligtrtly for the male subject and remained
alnost ünchanged for the female subject (Fig. 3(a) and
(b)). (3) Aftff the vibßtion tests, TPR alropped to 3
value which was even considerably lower than before the
tests for both subjects (Fig. 5(a) and O)). A possible
explanation of this featurc and its implicatioD to fte

40
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Bmcü Tric€ps Ne.k L^t- Bic€ps Bic€ls
pr6s pfts PlEss Puudm cdl(r) cut(L)

Fig. l FjMI eains in mariüal strengn lor sir ex€rcises and the two
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while fte riglt bd for the lowJevel athlele (modified fron W6sel,
2003).
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Average gains o I sir weeks vibration trainins nr e.ch iten ald for eacn
Cerdiac Ouiprn

(the rnale subjeot)

......o........... before vibration tosts .. .. . ..-.. 4..

A

I

- . . . . ' . r . . - . . . . . . . .  af ter v ibrat ion tests . .  .  . .  . . .

a {-)ffi Ä A--!m

4.6

6.0

lac qlanliries colnslld b! lnes sh.$ siem0lant djFd€ms
(nodined tun Klei!,5,3€r €t al.. trm3)

polendal beftfrts ol vibmliotr traiÄing will be discüss€d
in Scction 4.

3.4. R?shs aJ j'Jldt IV: hJdtodytlß tic tr.naly$is oI the

9fects of ltibr&tion ,r{tiiriig all blood cirßlltion

The loflgitudinal cif€c.s of body vib.ätion on {al
velocity pe.lurbation, and (b) sbear stress p€rt $ation
ir biood vesrels, obtai.cd from hy&od)'namic araiysiÄ
a1e eilen ifl Fig. 5. (For an atlst.act of the longitsdirul
hydrcdlnanic sfirdy, see Yue and Mest€r, 2003a.
Detailed üuthenätical fomrulatian and derivatior R'il
be p$biish€d in a separate paper.) Thcse perturbätons
decay torvarais tle ccntre of the vessel and thef decay
faster for higher fr€qnen t- Fig. 7 shows lhc lllaximal
shea. sEess pertu bätion at the wa{ of fh. vessel agafust
ticquency, wherc both quantities have been properly

"caled. rr,r. 
tt,p d.pr? ol.h"at ",rc,, i, m.". s?rioa

for high freqenc)) qnd latge Dessels tlan fot lo|

.freguency nd swll vesteß. As ar example, for cotonary
altery,  we car take R:l .Jmm, g:50m1/Ddn, l :
0.03 cm':/s {Beck ci al., 1977), where n, 0, ard v are rhe
radius, the floü voiün'r€ of lhe corolary artery and the
kinetic viscosity, .espectively. Thus, for a lrequency of
40 Hz and a local lorgitudhat amplitude of 0.2 mm, we
would get trw,-"*/row = 1.4. Namcly, the maximal
shear stress at th€ wal1 of coronary a ery is increased
by a factor I + rrw,--/row : 2.4 due to such body
vibration. (Th€ smal longitudinal amplitodc 0.2mm
used in lhis €stimate has taken ttre iransmission läctor
lroü the vibrating platform to the location of coronary
nrtery lnto account. If the longitudjnal amplitude at tte
coronary artery turns out to be larger thal 0.2 nrm, then
riw,-*/row would also be larger proportionally.) The

30 35 40 45 50

ib f{nz)

Fig 3 Ardase vab. of Hdiac oulFr (CO) düriog each $bütion
nxr cospared wift tl€ ral's befoe and an€. üe six 16ß tit nie rRo
$bi4r: 'a, rh" - r "ubrdl ,od (b\ ,e 'ml'. qbjP I

increased pea& shear stress mäy hcrease lll€ possibility
of eadotheiiat cell damage, e.g. jn th€ diseased ctrorary
arrenes (cf- Beck et al., 1977).

The ost ißportant effect ofthe lateral comporcnt of
ribrätion on blood circulation is the deformätion of the
1€ssels. During body vibrations. the exlemal prcssures
äctirg on lhc wdlls of lhe blood vessels wili not be
isotropic. Thercfor€, the vess€ls will defo.m. Naüely,
the cross section of the vessel will not remah roud, but
change to more or less elliptic shape. The €ccentricity oI
tle ellipse changes periodically at tl1e same liequency as
the body vibration. This js tlue not only for all the
vessels in müsc1es ard inner oryairs, whcrc the deforma-
tion of vessels follow the wobbling mov!'mcnts ol thc
muscles alld inner organs, büt also lor the capillades in
bones, wher€ only the vessels d€lorm due to t}le lateml
oscillation of the bonc which causes üon-isotropic
lareral  pressure on rhe vcc'el ' .  whi lc,hc bonc .emdins
dgid. Hydrodynamic anaiysis has shown that the
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nean Blood Pressure

(the male subject)

t
......:.......... betbre vibrarion rests.................!......

I

Total PeripheFl Resistmce
(1he male subject)

before vib.ation tests -...............^.......,

vibration tests.............................
i100

1000

be, how long and how intensive each training udt
should be, what frequency and what amplitude should
be adopted, and how long ttre entle taining period
should last, for a given subject so that he or she woüld
get maximal positive effects without being over-trained
or sütTering from any danger. As one example, the
down-and-üp behaviour of fhe curves in Fig. 2 is not
always the case. It is not clear whether such a deep valley
is necessary for reaching the peat afterwards, or rmder
what condition ii would be helpfirl inst€ad of harnfirl.
Much work of vibmtion training practice and mechan-
ism analysis rcmain to be carried out belbre a clear
answer could be addressed.

Muscle's contraction as a rcaction to vibration
stimulus, so-called "tonic vibration reflex" (TVR), was
lorurd in 1960s (cf. Hagbarth a-lld Eklund, 1966). The
inoease of muscle activities as vibration is applied to the
muscle can be measured by EMG (cf. Fig. 9 from Palk
and \4arr in,  lgg].  I  or a nore exrensi\e d'scu\ ion on
the neuromuscuiar response to vibration load, see e.g.

1900

1800
i20

A rro

F 1oo
I
Hs0

70

I40

3,,"
F r2o
I

e i00

90

tr A=r.;l
l a  A=4m I

................. after

€ 1600

t lJoo
F
ci1400
J r:oo F a=l;l

l 4  a = 4 i n  I

...........,..... after
vibration tests

f (IIz) (a)

22AO
2100
2000

^1900
F i8o0

!rroo
E iooo

91500
*1440
F 1300

1200

l l00

1000

170

160

150

80

JO
30 35 40 45 50

(b) fclz)

Fis. 5. Average valle oftoral periph{al r$isld€ (T?R) düing each
vibration test conpared yilh the values before and after rhe srx tests
fo. lhe two snbjects: (a) the dale subj@1, and (b) the female sübFcr.

30 35 40 45 50
(b) f(TIz)

Fig. 4. Avcrasc valü. oa nean blood pre$urc (mBP) düring eacr
vibrarior rest compaftd wit! the values before and aftcr thc six t*1s
for the two subj€ts: (a) rhe nale sübFd. and (b) rhe fcnale snbjcct.

resistarce of a tube with elliptic cross section to the flow
is larger t]1an the resislance of a rcund tube with the
same circumfe.ence (Fig. 8). In contrast to the long-
itudinal effect, the lateral effect is more important for
small vessels, i.e. arterioles, capillaries, vendes, than for
large vessels because small vessels make the greatest
contdbution to TPR. Thus, the increased resistance !o
the blood flow caused by the dcformalion of vessels,
pafiicularly the small vessels, dudng body vibration
gives an explanation of the increase ofTPR duriry body
vibration found by experiments (cf. Fis. 5(a) ard (b)).
Further physiological implications of this will be
disflrssed in tle next section.

4. Discüssioßs

The results of our vibration training show ihat certain
load is important in order to get significant positive
effects. However, it is not clear how big tl]e load shoüld

m€an Blood Pr€ssuro

(the female subject)

Totol Peripheral R€sistance

(üe female subject)
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Fis. ?. Mdinal slcar strs palurbation at !n€ qail ol rhe v*el vs.
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sk6s perd.batior al rhe wall ard tLe üudislubed sh6r 5lB\ at tne
vall, rBpecrir€lr. rft the wdrsinrH ce.hl velodt .

1_00.80.2

Fis. 6. (a) velbclly perhrbalion and (!) snea. stres pefiurbatio. ol
the blood in tle v$sel eused by 1ie loreihdinal mmpordl ol
vibration, wnere r is lhe radial dirrance fron rhe cetrhi rxis of tne
vessel, R the rddiu ofrle vcssel, ,r rne vetocily Faturb.tion. arw rhc
anplirude of !1 är üe wali, .r tle shee skess pe.tu.bation, F the
visosily. v tre kirclic viscosily (v =!t/p,p üe d4sity). Fo. blood,
' : 0.03m//s. As ar exanple, lb. mrordy arlery (n = l.scn),/. :
30 corsponds to / = 40Hz o = 2rl is tle ancüla! frcqnacy, the
four curves in eacl ligue represt folr dife.enr phass in oße

Mester et al., 2003). However, it is not clear yet what
kind of physiolosical prccess holds the key to the
additional growth of muscle stength obtained by
vibratior training compared to iraditional training.

The deformation of blood vessels düring body
vibrations, as discussed in the lasi section throug!
hydrodynamic analysis, causes the increase of TPR. This
was also confirmed by üe experiments (Study lII, lasr
section). In order to maintain a n€cessary cardiac
oütput, tlle body has to either increase th€ blood
prcssure, or feduce TPR somehow, or do boti. The
existence of some kind of body reaction to reduco TPR
has been confirmed by the drop ofTPR to a valu€ even
considerably lower than before tlle tests (Fig. 5). The
way to reduce TPR during vibration would be opening
more capillaries or dilating some vessels or both. This
would increase the total surface area oafhc micro-vessels

t/a (b&a: sholt & loog haif ä.x€3)

Fü. 8. Resistan€ .f rhe r*el to üe ]'lood now, d€fned br d"/0. vs.
6/a wls€ ^P h llE pressue diJl€de bets@ $c tto ends of tle
pi* of rsei dder conside.dtion, 4 tbe now lolme" ä and , tl€ lall
slort axis and ile lall long dis of üe euiplic crcestion,

in the muscles. Thus, the gas and material metabolism
between thc blood and the muscle fibres vrould be
improved. This gives al least a hht to tle mechmism for
vadous potential benefits associated wilh vibration
üarnrng.

Safety consideration is more important in vibmtion
training than in lraditional training. This is because too
strong vibrations would lead to various damaging
effects to tle body, ranging fuom headache !o internal
bleeding or even death. Particular car€ shouid be taken
for the head. Therefore, the transmission factor, or
transmissibility, to the head, delined by the amplitude
ra( io bclwcen lhe head aj ld lhe \ ibrat.ng sourüe. is
important. However, the transmission läctor to the head
depends on not only the freqüency, but also lhe positior
of the body with respect to the vibraling facility. For

0

Shear Stress PerturbBtion
f"=fR?r=30

Iafluelce of deformation ofihe

vess€l to the r€sistance

R=^gQ
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2.0
tmnsmissibility Ys, frequency

(model calculation)

-with------- without

wobblins mass in uppr body

l: 0.5

0.0

Fig. 9, Müscle activity i.nnened by vibralion stinllls. Top: raw
.. EMC signa! Mi.ldh:rool mean square EMC and crip forcci Lower:
- eibHlion signal (modined fron Park and Manir, 1993).

e\rnplc.  stand:ng or ä v;brär ing f lä l fonn or doing
pxsh-up on the vibrating platform worLld have different
transmission factors to the head for the same frequency.
For given positio4 the transmission factor as a function
of &e{tuency is temed transfer furction. Thc fiequency
where tlle tansmissibility reaches maximum is termcd
r€sonancc frequency. Fig. lo(a) and (t) show the
iransfer function from the model calürlation (YLre et
a1., 200i) and ftom the measurements at German Sport
University Cologne (2001), respectively. Fig. 10(a) and
(b) show the same tendency that transmissibility
decreases rapidly for high freqüencies- Model analysis
also shows tbat the resonanc€ frequency inüeases wilh
müscle stiffness and decreases wilh body mass, and the
maximum of internal loads would be reached al a
ftequency somewhat higher than tlrc resonance fre-

.-__,quency because the phase differences among different
parts of the body would be fully developed only when
the liequercy goes b€yond the rcsonance frequency
CYue and Mester, 2002a,b, 2004\. Since the resonance
lrequency for the whole-body vibration is in the range of
5-10H2, the frequercies lower tlan 20Hz should be
avoided in vibratiotr training.

A systematic experimental study of the rcsonance
frequencies for varioüs different positions of lhe body
wit]l respect io the vibrating source and for different
body weights as well as differeüa üuscle stiffness would
be desirable. For safety, in such a study, the amplitude
of the vibratiry soürce should be set as small as possible,
so that there would be no danger even in the resonance
frequency range.

5, Conclusions

Vibration traitring is an effective training method in
order to improve maximal strength and flexibility as well

::l--\=-

0_8

0.6

0.4

D.2

(b) slE 't0 flz 15t! atz 25lE

Fig. l0. rraßnissibility vs. aEqnercr (a) im nodel @!ütatios
(modiEed &m Yle e! a1..2&rl), ard 6) rros llBll$mis al
cetuu Sporl Univeßity Cologie {2001). vl'ee di,Ieml lirs rere
for dilf*dt subjects. The vibarirg lacnity ued fo. t!@ d?as!.€-
nents was Galileo, Nhich Ccremlet ffiw-tY!€ übmtios. Tiu, tLe
frequdds sholld be d.lbled ifmnpaEd eith loftr Plarc Platfod
which renains to.iznnral duing ribrärios-

as various other fäctors if it is properly desiened. This
has be€n confimed by the positive rcsul1s c.rr.ied oui by
other researchers and by oü own grcup. On the otiot
hand. improper design could be dangerous. Mu€h work
rema;ns to be carried oüt in order to set up clear r$les
for vibration tlaining for different goups of people.

Nevertheless, bassd on the existing vibration training
praclice and the erdsting knowledge of rcsonarce and
cardiovasculai reactions, some recommendations can be
made as follows:

. High traüsmission fartor to the head should always be
avoided. Therefore, resonarce f.equency range should
be avoided. Thus, the frequenci€s used in vibratiotr
trainiog should not be low€I than 20 Hz.

. Low amplitudes (1-2rnm) should be used in vibration
training for leisure sport and as tte starting point for
elite spod.
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. The exposure duration for each vibration training
shouid be very short (20 60 s), especially when work-
ing with high additional loads.

. Vibration training should be avoided for the people
who have existing coronary disease or hypertcnsion.

In addition, a longer lime period for the measurement
of training cffects, covedng not only the training time
but also the adaptation time, would be recommended iü
order to see the entire training änd ädaptation process
and to avojd misjudgement of the 6nal training results.

Cardiovascular parameter measüemcnts confi.m that
TPR is incr€ased durirg body vibration. Hydrodynami€
analysis offers the mechadsm for tüe increase of 'I?R

through the deformation of vessels. As a reaction of
compensation, more capiildries are probably opened in
order to keep a necessary level of cardiac oütput needed
for tlle body, resultißg iII morc emcienl gas and material
metabolism betw€en the blood and muscle libres and the
improvement of the nlatimal streirgth of t]te muscle.
This might be one of the possible reasons tor the
potential benefrcial effects of vibntion training. Our
cxperiments confinn that T?R delt after the vibration
t€sts is even coNiderably smaller than before the iesls.
This strongly supports the speculatio[ lhat more
capillaries are open€d during aibrations. Neve hcless,
it would be desirable to have direct observaüor !o verily
this speculatior in the ftture-
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