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Equivalent Resistance Training

Contexf, ' Several groups have undertaken studies to evalu-
ate the physiologic eflects of whole-body vibration (WBV). How-
ever, the value of WBV in a training program remains unknown.

Objective: f o investigate whether a WBV prograrn results in
a better strength and postural control perforrnance than an
equivalent exercise program performed without vibration.

Design.' Randornized, contro led lrial.
Seffrng; Laboratory.
Patients or Other Participants; Thirty{hree Belgian com-

oetit ive sk;e's (ages - 9-15 years).
lntervention(s): Subjects were assigned to either the WBV

group or the equivalent resistance (ER) group for 6 weeks ol
training at 3 times per week.

Main Outcome Measurefs); lsokinetic plantar and dorsiflex-
ion peak torque, isokinetlc knee flexion and extension peak

torque, explosive strength (high box test), and postural control
were assessed before and after the training period.

Resulls; Both training programs signif cantly improved isokinetic
ankle and knee muscle strength and explostve strength. lVoreover,
the ncreases ln explosive strength and in plantarjlexor strength
at low speed were signil icantly higher in the WBV group than in
the ER group afler 6 weeks. However, neither WBV kaining nor
ER training seemed to have an etfect on postural control.

Conclusions.'A strength training program that includes WBV
appears to have additive effects in young skiers cornpared wiih
an equivalent program that does not include WBV. Therefore,
our findlngs support the hypothesis that WBV training may be
a benef cial supp ementary tra nrng technlque in strength pro-
grams for young athletes.

Key Words: balance, explosive strength, performance en-
hancement .  sk l ino

hole-body vibration (WBV) training is a training
mcthod that exposes the cntire body to mechanjcal
vibrations as the individual stands on a vibrating

platform. Mechanical stimulations. characterizcd by direction.
ampljtudc, vclocjtv. and freciuency, are translnittcd rhrough the
entire body. Recent observationsr -r htrve shown the possibil i tv
of using these vibration pJattbrms as a training tool in athletic
settings. These inprolements have bcen attribuled to reilex
rnuscle contractions as a result of a lcuic tibration reflex. This
reflex conlraction is caused by an excitation of muscle spin-
dles, leading to enhanced activity of the Ia loop.a 6

Most of the authors \\,lro have evaluated the effects of WBV
have sborvn that nuscular properties ciur be improved \\'ith its
use.r For example, Bosco et al7 showed that a single vibration
bout of 5 repetit ions iasling I minute each resuited in a sig
nificant teurpOrary incrcasc in muscle strength of the louer
extrernities and arm llexors. In anolher study, Bosco et a18
trained volleyball players uith 10 repetit ions at 60 seconds
each. Bosco et al9 aiso studied the effects of a 1o-day vibration
program on the muscular pcrformance of physically active per,
sons and noted enhanced explosite po$er. Other authors in
vestigated the elTects of WBV programs using randomized,

controlled srudy dcsigns.l i) lr For example, Ibrvinen et all l
randonized 56 young adults to either a ribretiol group or a
controi (no trrining) group. Junrpine pouer s,as enhanced 11.59ä
after a .1 nonth \\rBV intervention. N{ore lecently, invcstiga-
torqL z 12 r-r dernonstrated that WBV training has the potential
to induce strength grins to the sante e.\tent as a traditional
resistance training progranr. (bnsequentlt. on the basis of
thcse studics. rvc can coucludc rhat WBV is a training method
cquilalent to conventionai r. 'sislance training.

Houe\cr. dcspite the gro$ing popularity of WBV ruthors
of a recent revier.rl claimed that it sl i l l  lacks randonizecl sci-
enti l ic research, especially concerning its ddaptation to dynam-
jc exercises. To date, only l authorra has undefiaken to deter-
mine the supplemental ralue of WtsV \', irh an equivtrlent
training progran. l lonncstadra contpared the performance-en-
hancing ellects of squals on I vibration platfbrn'i $ith con-
vcl' l t ional squats executed on thc ground. Thus, identical ex
ercises $'(]r() cxccuted in both groups. The intervention period
lasted 5 $eeks. Althou.qh the results did not reacit thc lcvel of
statistical signiäcance. thc trend rvas roward better results in
maximal strength ancl erplosive po*cr fbr t ltc lquats per-
fomed on a vibration platfofm. In ordcr to fu her investigate
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Table 1. Subjects Anthropomelr ic and Training Characterisl ics

Who e-Body Vibration Train ng Group
(n 17: 11 boys, 6 g r ls)

Equivalenl Resislance Training Group
( n  =  1 6 :  B b o y s , S g i r l s )

SD

Age, y
Height, nT
ivlass, kg
Hislory of cornpeti t ive ski ing, y
Part icipation in other sports. h/wk
Tfarn ng n surnmer, h/wk
T r a n n g  n w n t e r , h / w k

12 .94
1 . 6

50 .14
4 .03
1  . 9 1
2.32
4 . f  6

0 . 1 2
13 .06

2 .47
2
1 .48

1 .49
38.75
3.75
1 .94
2.46
1.75

1 .77
0 . 1 4

1 2 . 1 1
2 .54
1 . 7 7
1 . 9
1 . 0 3

.o44

.031

. 0 1 5

.706

.970

.833

.97  4

this possibil i ty, our purpose u,'as to evaluate the training ellects
01 a WBV program cornpared with an ecluivalent e,\ercise pro

!:ram peforlned withoul vibrrtion.

METHODS

Experimental Design

\\t randomly divided 3l conpetitive skiers into a WBV
group (n = l7) and an cqLrivalcrnt rcsistrnce (ER) training
group (n : 16). Both grouls trained for 6 weeks at a l ie
quency of 3 times a lveek. \ l i th at least I day of rest between
sessions. Each training session lastcd 30 minutes. including
u,arm-up, exerci:es, rest periods, and cool-down. Alter each
session, the subjccts \\,crc askcd to report possible side etlects
or adverse reactions in their personal lraining diaries. Atier
cvcry training week. they also ccxnpletcd a Borg scale, a sinr
plc rncthod of rating pcrceived erefl ion.lt Bcforc starting the
study, as rvell as after the 6 ueeks of training. \ 'e evaluated
rll subjccts 1i)r postural control and isokinetic and explosive
strenBth-

Subiects

The subjects were 33 competit ive skiers (age : 12.36 1
1.71 years, range : 9 15 years) of the Flemish Ski Fedcra-
tion: 12 girls and 21 boys (WBV = ll boys ancl 6 girls; ER
: 8 boys and 8 girls). Wc excluded skier\ with a histor)' of
any type of injury in thc last 2 years or a possible contrain
dication lor WBV (diabetes, epilepsl, metabolic or neuroInus-
cular diseascs, ostcoporosis, ostcoafthrosis. prosthesis. men
strual irrcgularit ies. or orthopacdic injurics. according to
Roelants et al:). Persons \\ 'ho were alrcadv panicipating in
another strength program were excluded liom tire study as
well. All chiklren and their parents gave rvritten intbrmed con
sent to participrie. The study was approved by the Ethical
Cornmittee of Ghent University. The anthropomctric and Lrain-
ing cha.racteristics of the subjects are presented in Table l.

Whole-Body Vibration Training

Vibration loading was carried out on a WIJV platforn (Fit-
vibe: N.V GymnaUniphy, Bilzcn. Belgium) in a standing po
sition. The program consisted of squatting. deep squatting.
wide-stance squatting, l- legged squatting, calf raises, skiing
rnovements, jumps onro thc plate. and iight.jumping (1able 2).
Aiter each exercise. the skicrs w,crc allorved to rest for 2 ntin
utes belbre starting the follo*,ing cxcrcisc. Training intensitl '
*as increased over the 6 lveeks bl incrcasing the amplitude

(fion 2 ro -l nrrn) and üequencl (f iorn 2.1 to 2E IIz) of the
vibration. the duration of the exercise. and the nuinber of rep
ctit ions. Also. the nunlber of repetit ions ol I crercise and the
numbcr of dil lerent exercises incrcascd systematicii l ly ovcr the
6 r.veck training period. During all training scssions, thc sub-
jects completed a pcrsonal ercrcisc diarl and $cre undcr the
: l f i i t  \upcr  \  i \ i ' , r )  o l  l  p l r r . io thcr rp i . t .

Equivalent Resistance Training
In order to achicvc thc goal ol oul stud). the ER training

was conrposed of exactl"v the same excrciscs as the WBV train
ing. The only diifcrcncc $as that thc ER training group did
not pcrform the exercises on a vibration platform but on the
lloor Subjects in both groups wore sport shoes during the
tri l ining sessions. They conrpleted a personal erercise diary
arld $ere contlctcd clely ucek for sLrpervision of thcir train-
ing program. Each ucek. a physiolherapist conducted a ioint
training session \\ ith both groups to tcrch thc new exercises
bcing addcd t0 the prograns.

Evaluation
lsokinetic I luscle Strength. lsokinelic pcrlirrmance of the

right call nuscles uas neasured q'iü a lJjoder System 3 iso-
kinctic dynarnoneter (Biodex Medical Systenis Inc, Shirley.
NY). Thc cllnlmonreter \\ 'as calibrated as prrt of the regular
schedule f,. ir Dleintenlnce of equipment used fbr the testing
devlce.

Plantar f lexors and dorsil lcxors of the right anklc $'ere con
ccntrically mcrsured al 3(f s I (3 repetit ions) and 120".s I (5
repetit ions). All subjccts assunrcd thc standard position for
testing isokinctic ankle movcment, according to thc guidelines
of Dvir16 This protocol is reliable.rr 

' fhe 
subject was posi-

tioned in the chair $ilh rhc knec lull l  cxtcnded. The dght tbot
was placed on a footplatc ancl hcld in placc with 2 tight straps
lirr furthcr sLabil izatioii. The alkle joiDt of the subjecl was
aligned u ith the axis of the dynamoneter The reference angle
corrcsponded to the ankle's neutral position (90'). l he movc-
mcnt range covered the entire comfonable active range of mo-
lion of the subjcct s ankle joimt. Abo\c thc kncc, thc leg $ls
restricted with hook and-loop straps to avoid conpensatory
llc\ion mo\crne ts. I lelbre the tests. the subjecl receivcd in-
structions about the lrocedures and \\'as requested to perform
a warll l-up 01 10 sublnaxinlal repetit ions. This \\,arm-up pro
cedurc allorved subjccts to beconre' farnil iar rvith perlirrming
isokinctic erercises on the tsiodex dlnamomcter The same
investigalor (N.N.\{.). who rvas familiar'\\ ' i th isokinetic tcst-
ing, performecl all tests. During the test, sub.jects \\,ere in-
structed to give 1007 effort and received positive feedback.
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Table 2. Whole-Body Vibration Training Proqram

Exefc se
Frequency, Ampli tude,

dz  mm
Duration, Rest Time,

s s
Repet t ions,

No.

Vibration
Duration,

m in

Week 2

Week 3

Day 1

Day 2

Day 3

Day 1

Day 2

Day 3

Day 1

Day 2

Day 3

Day 1

Day 2

Day 3

Squat
Calf raise
Wide'stance squat
Squat
Deep squat
Wide slance squat

Squat

Dynamic squal
Dynamic calt  raise
Call  raise
Deep squat
Dynamic wide-stance

squat
Dynara c squat
Squat

Dynamic calf  raise
..JUmp on prare
Squal
Cali  raise
Dynamic wide-stance

squat
Dynam c 1- egged

squat

Jump on plate
Dynamic cal l  raise
Dynamic squat
Wide-siance squat
Dynam c 1-legged

squat
Dynamic nversron-

everston
J !mp
Calf raise
Dynarnic wide-stance

squat
Jump on plate
Dynamic inversion-

eversion
Squat
Deep squat
Dynamic squal
Wide-stance squat

Calf raise
Dynamic invers on-

eversion
Oynamic 1-legged

squat
Dynaraic wide-stance

squat
Squat
Dynamic calt  raise
Dynam c wide,stance

squat
Dynamic inversion-

eversion

3
3
3
3
3
3

4
2 x each eg
3 t 2 A
3 x 2 0

3 x 2 0

4 \ 2 0
4
2 x each eg
4 \ 2 0
2 / .  1 0

4
4 \ . 2 0

2 x 20 (each leg)

2 x each teg
2 \  1 0
4 t 2 0
4 t 2 A
4
2 x 20 (each leg)

3  x  1 5

3  x  1 0

4 x 3 0

2 / 1 0
3 x 2 0

3
3
3 x 3 0
3
2 x each leg

3  x  1 5

2 x 20 (each leg)

4 x 2 0

3
4 \ 2 0
4 ) < 3 0

3  x  1 5

24
24
24

24
24
24

24

24
24
24

24
24
24
24
24
26
26
26

26

26
26
26
26
26
26

26
26

26
26

26
26
26
26
26
26
26

26

26

2A
28
28

2a

2
2
2
2
2
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2

2

2
2
2
2
2
2

2

2
2
2

2
2

4
4
4

4

4

2
2
2

2

4A
4A
4A
40
90
30
30
40

60

60

60

60

60
60
60
60
60
60

60
60
60
60
60
60
60
60

30
30
30
30
30
30
30
30
30
40

30
30
40

10.3

4.2

60

60
60
60
60
60
60

30
90
40
40
40
60

60
60
60
60
60
60
60

30
40

100
50

30
30
60
30
30
40
40

60

40

30
40
60

40

60
60
60

60
60

60
60
60

1 4

9.3
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Table 2. Conlinued

Exercise
Frequency, Amp i lude,

dz mrn
Duration, Rest Tlme,

s s
Repeti l  ons,

No .

Vrbralron
Dural ion,

T n n

Week 5

Week 6

Day 2

Day 3

Day 1

Day 1

Deep squal

Jump on plate
Dynamic squal
Dynamic sk ing
Wide-stance squat
Jump
Dynamic inversion-

eversion
Call raise
Jump on plate and

hold
Jump
Dynamic skl ing
Wide-stance squat
Squat
Jump an plate and

hold

Dynamic ski ing
Dynamic calf  ralse
Dynamic wide-stance

squar
Jump on plale
Dynamic skl ng
Dynamic sk ing
Dynamic l  legged

squal
Dynamic squat
J  ump

2  / :  1A
4 . / 2 5

3  4 .2
3 ) ( 2 0
3  ) .  15

40
40
90
50
,10

30
40
4A

2A
28
28
28
28
28
28
28

4
4

4
4
4
4
4

4
4
4
4

4
4
4
4

4
4

60
60
60
60
60
60
60
60

60
60
60
60
60

60
60

40
90

28
28

3 ). 20
4 ': 25
2
2

2 /  4 0
4 . / 2 5
4 t 2 0
4 / 2 5

2 :  1 5
4 , / 2 5
4  / 2 5
2 \ 25 (each eg)

2 . 1  4 0
4 / 2 0

Day 2

Day 3

40
60
60
60
90

28
28
28
28
2B

28
28
28
28

28
28
28
28

60
60
40
50

1 0 0
60
60
60

60
4A

60
60
60
60

60
60
60
60

12.1

60
60

28
28

The values of the peak torque (Nn) of the right plantar flcxors
and dorsif lexors were used for the data analysis. ' l 'he peak
torque was determined as the single repetition with the highest
muscular force output (Nn) of the multiple test trials.

The rigbt knee flexor and cxtensor muscles were tested con-
centdcally at 601s I and 180'.s r, according to the guidelines
of Dvir. 'o The subjecl $,as stnippcd into thc chair using the
right latcral femoral condyle as an anatomical refcrence for
the axis of rolation on the Biodex.r6 This proklcol is rcliablc.l8
The subject completed 5 repetitions of knee flexion and ex-
tension at a speed of 60".s I and l0 repetit ions at 180".s l.

The upper leg, hips, and shoulders were stabilized with satet-"-
belts. The subject was instructed to submaxirnally flex and
extend the knee 10 times at each speed to become familiar
with the procedure. The principal investigator (N.N.M.) in
structed the subject to cxlcnd and Ucx the knee at lull lbrce
throughout the test. The values of the peak torque (Nn) of the

ght knee flexors and extensors \r'ere used tbr the data anal
ys is .

Ilxplosive Strength. \\'e chose the high box test to assess
more ski-specil lc explosive strcngth, agil ity. and coordina-
tion.le 20 Significant correlations have been noted between ski
ing performance time and the high box test.le.2l In our study,
a box with a height of 30 cm was used. The subject started
by standing beside the box. On command, the subject jumped
laterally up onto thc box and then down off the other side.
This was done continuously tirr 90 seconds- Pefibrmance rl, 'as
the number of jumps complcted in 90 seconds.r!

Postural Control, We tested poslural control with thc Bal

ancc Master iNeuroCom lnternrtional. lnc, Clackamas. OR).
'fhe vertical ground reaction fir lccs uere used to calculate the
position of the centcr of prcssure and the equivalent center of
gmvity (COG) sway angles. The reproducibil i ty of the postural
control tests on the Balance Nfaster has been reported to be
good to exce)lent.:2 Each subject was allorved to become tä
miliar with thc s)sten and perlbrmed I trir l befbre proceeding
to thc tcsts. The tests fbr posturrl c(fitrol in our study wcre
the l imits of srabil it! test and the rhlthmic weight shift test.

The limits of stabil ity tcst is . i dlnrrnic slanding balance
lesl thal nleasures the stable suppoft in a controllcd manner.l l
The test was performed in bipedol stance. Wc askcci the subject
to shili CIOC; fioln the center to each of thc E ireriphcral tar-
gcts. These ti lrgets were positioned loru'ard. forward right.
right, back\\ard right, backward. backrvard left. le1i, and for-
ward left. During thc asscssmcnl. thc locations of the subjcct's
COG and the peripheruJ tiugets \\cfe clispll led on a screen.
The subject could conlrol thc C(Xi bl shift ing t 'eight. \\ 'c
instructed the subjcct to move the COG cursor on command
as quickly and accurrtely as possiblc torlard I of thc targets
located on thc l inits oI slabil it) perineter and then hold a
position as close to the tlrgct as possiblc. The subjcct wlis
allowed up to 8 scconds to conplctc cach trial. The subject
was instructed to iean foruard to the target as much as pos-
siblc rvithout bending the hips or l i f i ing the heels or toes o11
the ground.'fhree values u'cre used in the data analysis. The
endpoint excursion is the dis{ancc tlavclled bl thc (lO(i on
the pinar! attempt to reach thc larget, cxpressL'd as a pcr-
centage of thc l imits of stabil itr". l 'he rrraximurr excursion is
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Table 3. Baseline Characterist ics

Who e-Body Vibration
Train ng Group (n 17)

Equivalent Besistance
Tra ning Group (n 16)

SD

High box test, No. of repeti t ions

Limits of stabi l i ty 1est, o.

Endpo nt excursions
Max mum excuTsions
Drrecl ional conlrol

Rhythmlc weight shif t  test, %

R ght- left
Forward-backward

Knee strength, Nrn

Extension (60'.s ' )

F exion (60'.s i)

Extension (180's ')

F l ex ion  (180 ' s  ' )

Ank e slrength, Nm

Plantar f lexion (30'-s ,)

Dorsif lex on (301s ')

P  an la r  f l ex i on  (120 ' s  r )

Dorsif lex on (120's r)

53.53

76.94
97.06
71 .06

75 .21
65 .53

92 .35
66.36
66.66
56.46

70.82
1 1  . 2 4
44 2A
r 0  5 5

1 6 . 9 1

7 . 1 Q

4 .32
9 .28

7 6 5
15.21

30.68
20 .61
19.72
16 .33

22 .81
5.37

14 .50
4 4 5

49.75

7A.37
99.75

72.94
6 1 . 5 0

78.50
53.33
55.87
43  81

60 62
1 7 6

36.04
8 . 1 1

12 .88

L42
6.44
5 .78

21 .41
26.92

48.27
21.22
28 32
22.48

25.66
5 .04

14 .30

.478

.624

.167

.801

681
.598

.335

.2',l6
076

.236

.467

.286

the fufthest distance travelled by thc COG during the n ial. and
the directional control is a comparison ol the lmount o1 lro\ c
ment in ti lc intended direction to the amount of extrancous
nlovelDenL; borh valucs are also expresscd as percentages.

The rhythnic wcight shil i  test quaotii ics thc subject s abil ity
to rhvthmicaily rnovc the COG lrom left to right and flonr
forunrd to backrvard between 2 targets.l l As in thc l imits of
stabil ity test, the subject's COG is displaved on a scrccn as a
cursor providing vjsuai leedbactrl. We instructed rhe subjcct to
rhythmically morc the COG cursor fronr sidc lo side or l iont
to back between rhc 2 targcts. \\r ith the COG cursot the sub
jcct was asked to lbllow ün on-screeD cue al the sane speed
as it moved betwcen thc cndpoints. The 2 ralucs measured
\\,ere the directional control in the leil cht excursion and in
the front-back exculsion. lJoth lalucs $,ere expresscd äs per.
centagcs. ic, a perfect directional control sc()Ie equaled l00f/r.

Statistical Procedures

We performcd the statistical analysis $ith the Stalistical
Package fbr the Socjal Sciences (version 1 1.0: SPSS Inc. Chi-
cago. IL). 

' lhe 
data u'ere analyzed using rhe Kolnx)goro\ -

Smirnov test. lndependcnt t tests $ere uscd to conpare the
baseline characteristics of the groups. Paired-sanlples I tcsts
u'cre calculated lbr rvithin-group comparisons. Bet$een group
differences u'erc analyzed by rneans of independent / tcsts oo
the change scorcs of both groups. The change score of a group
*as detined as the increase or decrcase fiom pretraining te
posttraining by that group. \! 'e similarly evaiutted the rcsulls
of the Borg scales for pcrccived exertion on the basis of pair.ed
and independent 1 tests. The eflect size associated \\ ith thc
changes for each measure in both groups was calculatcd by
the follouing fomlula: (posrtraining mcan pretraining
mean)/pooled SD of pretraining and posttraining. The effect
size of the dilfcrence in change scores bet$een the groups \t tts
calculated by the firllorving formula: (WIIV cltangc score
mean ER change score mean)/poolcd SD of WBV and ER

chansc scor-cs. According to Rhea,:a a value of lcss Lhan 0.25
represel)ts a tri\ ' ial cffrcl sizc:0.2.5 to 0.50. a small effect size:
0.50 ro 1.00. a n'roderate clfect size; aod nore than 1.0. a large
effect sire. For all anallscs. thc lcvel of \tatistical significance
\\,as set i l t P - 0.05.

RESULTS

Pretraining Besults
lndependent t tesls re\calcd no significant dit lerences be-

t\\,een the 2 groups at the beginning of the study (Table 3).

Posttraining Results
Equiralent Resistance Training Croup. Performance on

the high box test ir lcreased signil icantly in the ER group after
thc trrining pcriod (Trble -1). NToreoler', all isokinetic muscle
strcngtll \ ialucs improved sirnil icanlly cxccpt for dorsif lexor
strcngth at k\v specd- \one of the postural control nteasure
mcnts incfcased sitnil icantl l except for the dircctional control
duling thc l inrits of stabil itv test. \{ost significant values
\hou'ed a small eliect sizc.

Whole-Body Vibration Group. Perforrnancc en the high
box test increased significantl l alter 6 $ eeks of \ ibrarirm train
iog (Table 5). Also, all alkle and kncc isokinetic muscle
strength mcasurements sho\\ed significant increases after the
training pcriod. l lost posturai control \alucs did rot increase
signil icantl l cxccpt l i)r directional control during the l inits of
stabil ity tcst and thc lcfi-right excursion of thc rh-vthmic
ueight shift tcsl. Nlosl sisnificant ralues showcd a moderate
et-fect sizc.

Comparisons Bet$een l raining Programs. The increased
performance on the high box lest i l) the WBV group u'rs sig-
niäcantly -sreater tban the ircreasc in the ER group (Table 6).
\{oreovet the increrse in planlar-l leror strength at 1ow specd
was also significartly higher in the WBV group. For all other
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Table 4. Training Efiects Within the Equivalent Flesistance Training Group

Pretra ning Va ue Postra n ng Value

l lean Mean SD (Elfect Size)

H 9h box test, No. of repeti t ions

Lim ts of stability test, 9i

Endpoinl excursions
I\y'axrm!m excuTsions
D rectional conhol

Rhylhmic weight shiJt test %

R ght- lett
Forward backward

Knee strength, Nm

Extension (60' s ' )

Flexion (60' s ' )

Extension ( '180' s ')

F exion (1801s r)

Ankle strength, Nm

Plantar Uexion (30".s ')

Dorsi l lexion (301s r)

Plantar l  exion (120"s ')

Do rs i f l ex i on  (120 ' . s ' )

49.75

78.37
99.7s
71 .75

72 94
61 .50

78.50
53.33
55.87
43 .81

60.62
7.76

36 04
8 . 1 1

12 .B8

s.42
6.44

21 .41
26.92

48.27
27.22
28.32
22.4a

25.66
5 0 4

14 .30

5 5 . 1 9

a2.84
99 .69
77.84

6 / . 25
72.56

94.08
60 .27
63 .8  T
49 .53

6 8 . 1 8
12 .92
41.62
1 1 . 4 5

17 .37

5.82
4.21

14  A4
9.48

44.7 4
25.42
23 .11
2a .94

25.82

13 .40
4.43

.012 ' (4 .37 )

.086 (0.59)

.973  (  0 .01 )

.002 ' (0 .94 )

.212 | a.32)

.105  (0 .56 )

.006 ' (0 .35 )

.012' (A 27)

.003 ' (0 .32 )

.006" (0.27)

.008' (0 30)

. 1 3 8  ( 0  5 1 )
006 '  ( 0  41 )

.: :0.001' (0.68)

'Signif icanl di l ference between pretra ning and posttra ning values, P = .05.

values. we found no signji jcl lnt dif lercnces bet$ een the change
scores of the groups. All significant values sho$ cd a nloderate
effect size.

Perception of Exertion of the nxcrcisc I'rograms. No sig
nil lclnt differences uere notcd bet\\een the WBV and ER
groups cxccpt for the Borg score in thc fifth u'eek. when the
ER group rated the exercise program as more intense thrn the
WBV group (Figure). Within each group. thc Borg score in
week 6 rvas signiäcantly higher than the score in \\ 'eek L

DISCUSSION

Both a WBV pro-qrrm and an ER training program im-
provecl isokinetic ankle and kncc muscle strength ard the ex-
plosivc slrcngth of the subjects rfter a 6-ueek training perirxi.
These findings are in accordancc with those of ser eml authors.
afhrming that WBV increases the dy-'nanrjc strcngth of the lou
er extremity muscles.l l.8 l l  Roelants et all in\cstigated the
eltects of 24 weeks of WBV on knee exlcnsion strength io E9
postmenopausal \!omen in a randonized controllcd stucly'.. Iso-
kinetic and dynamic strength of the knec c\lcnsors increased
jn both WtsV and traditional resistancc training groups. \t ith
the training effects not significantl"v dii'ttrcnt bctween the
groups. Similarly. Delecluse et alr concludecl that a WBV pro
gram can induce a strcngth gain in the knee extelsors of pre-
viously untrained fenales 1() the sane extent as a traditional
resistance training progran. ln these studies, the tfrdil ionrl
resistance training prograns and vibration programs consisted
of dif l-erent exercises. Thcrctirlc. uheLhel WBV training had
an additional training value remains uncertain.

In our study, üc ER training program consisted of exactl)
the same exerciscs as in the WBV group in order to evaluatc
the supplemeotal value of vibration training. Interestingly. our
results reveal that thc gains in explosive strength and in plar-
tar-flexor strength al low speed \\ 'ere significantly higher in the
WBV group than in the ER group aiter 6 *ceks of training.

Using the same study design. Ronnestad'1 concluded lhat
thc maximal strerlgth of recreatioDall) resistance trained men

incrcased siglihcantl) more after 5 ueeks of a vibration pro-
gram than after an equivalent triLining prograrn.

Previous authorsl: lr ' l i  h'\e tried to find a plausiblc cxpla-
nrtion ä)r t l iese positirc cltccts of r ibrati,-rn training. Some
investigutofs have suggesteci thol lhe large strength gain is the
rcsult of the tonic ribration re'f lcx. lhey stüted that standing
on a vibration plate pr,lvokes len!:th chanses in tire muscle
that stimulatc the nuscle spindles. (ln thcse sludies. knec l le\
or and extensor nruscles *cre lested.) These receptols uould
elicit the tonic \ ibration reflex. In adclit ion. i l  has been pro-
poscdl that the recruitmcnt thresholds of the motor units dur-
ing WBV arc expected to be lor\cr thltn during lolunlatl co:r
tractions. probitbl) resuLtittg io a morc rapid acti\ation and
training of high thresholcl motol unit\. Therefbre. it has been
suggested that \\BV ti l ining speciticrl l) lroins last-t$itch fi-
bers,l 26 lhich arc responsible l ir explosire poser

In our slud). the WBV grouP siroii cd a significiütl) greater
gain or the bjgh box t. 'sl thrn the FR uroup afier 6 qeeks of
training. This tinding is in agrecmcnl \\ ittr rcsults ol prcrious
studies that shoued thlt WBV training has a positirc et' lcct
on explosive strcngth. I)clcclLrse et rir reportecl that junlping
height increased signil icantl l orer l2 ueeks in the \\BV
group and remaincd unchan-gecl in the 3 other groups (control,
placebo. and traditional resistance traininll). Also. Ronncstadll
l irund a signiticant jmpro\cmcnt in rertical jumping height
alicr subjects pcrformcd squats on a vibratiou platforn for 5
rveeks.

ID our stud). neither WBV nor IiR training lbr 6 r'eeks
rcsultcd in a con\ incing ellcct on postural control. 1'his l inding
is in agrccnent uilh that of Torrinen ct al.1l who sho*ed that
.1 months of ribration lrir inin-g produced no efl lct on thc dy
namic or static balancc of 1oung. healthl subjects. I lowevet
strokc patients ri i th unilateral impairmcnl shoued an increase
in their weighl-shift ing speeil at the balance assessment after
I session of WBV training.l i In geriatric patients. WRV train-
ing inrploled postural contnrl. l0 Altcf ,1 months of trainin-s.
chair rising tirnc irnproved 18% in l lt elclerl l participants.
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Table 5. Training Effects Within the Whole-Body Vibration Group

Prelraining Posttrain ng

S DSD Mean (Effect Size)

High box tesl,  No. of repeti l lons

Endpoinl excursions
N4aximum excursions
D rectlonal control

Rhythr. c we ght shif l  test, %

Righl- lef l
Forward-backward

Knee slrength, Nm

Extenslon (60' s ' )

Flexion (60' s r)

Extension (180'.s ')

Flexion (180' s r)

Ankle strength, Nm

Plantar l lexion (30' s r)

Dorsif lexion (30's ')

P lan ta r  f l ex  on  (120 ' s  ' )

Dorsif lexion (120'.s r)

53.53

76 S4
97 06
71 .06

75.24
65.53

92.35
66.36
66.66
56.46

70.82
1 1  . 2 0
44.20
10 .55

'16.9'1

7 . 1 0
4.32

7.65
15.24

30.68
20.61
19.72

22 .81
5 .37

14 .50
4.45

67.06

ao.47
97.06
75.84

69.76
71 .29

1 1 4 . 9 8
74.25
82.38
64 .17

90.09
16 .99
52.06
13.21

20.06

8 .90
5 .52

10 .35
I0 .40

40 00
22.34
28.41
1 9 . 1 r

28.29
9 9 9

1 6 . 6 2
3.24

<.001 ' (0 .72)

.246 (o.43)
1 .000 (0 )
.006 ' (0 .s8)

.007 ' (  0 .60)

.479 (.O.44)

004 ' (0 .63)
.001' (0.36)

< .001 '  (0 .63)
.011 '  (0 .43)

.:.001" (0.74)
.030-  (0 .71)
.014 '  (0 .50)

...001' (0.67)
*Signif icant dif ference between pretraining and postka ning va !es, P = .05.

Table 6. Comparisons Between Training Programs

Test

Whole-Body Vibration
Training Group

Equivalent Besistance
Train ng Group

Change Score Change Score
P Value

(Effect Size)SD

High box test, No. of repelt ions

L  | | L j  U  : L d U | | |  y  | e J ( l  o

Endpoint excursions
N4aximum excursions
Directional control

Rhythrnic weight shif t  test, %

Bight- left
Forward-backward

Knee strength, Nm

Extension (60' s 1)

Flex on (60" s ,)

Exlension (1801s r)

Flexion (180".s ,)

Ankle strength, Nm

Plantar f lexion (30'.s ,)

Dorsif lexion (30's ,)

Planlar f lexion (120'.s r)

Dors f lexlon (120's ')

13 .53

3 .53
0.00
4.88

- 5.47
5.76

22.62
7 .49

15.71
7 .71

19.27
5.79
7.87
3.01

9.79

12 .O7
5.86
6.38

7.22
12 .68

27.72
7.94

14.7 4
10 .98

14 .91
10 .02
11 .74
4 . 1 7

5.44

4.50
0.06

5 .69
1 1 . 0 3

16 .29
6 .98
8 .61

7.56

5 .59
3 . 1 2

7 6 6

9.78
t . 38
6.52

17 .46
25.62

19 .34
L31
9 .34
6 .68

9 .96
1 3 . 1 8
6.94
4.46

.013 '  (0 .92)

. 8 0 2  ( 0 . 0 9 )

.s7s  (0 .01)

. s 8 4  ( 0 . 1 9 )

.963 (0.02)

.453 ( 0.26)

.466 \O.27)

.766 (0 .11)

.119 (0 .s8)

.526 (0.23)

.013 '  (0 .92)

.879 (0.05)

.s01 (0.23)

. 9 3 8  ( 0 . 0 3 )
'Signif icant dif ference between lhe change scores ol the groups, P -:  .05_

whereas the control group showed no signincant diffcrences.
Consequently, we can speculate that WBV training oniy has a
positivc signiflcant ellect when the postuml cotrtrol of |he sub-
jccts is disturbed.

In order to rate the perceived exeftior of both training pro-
grams, each subject conpleted a Borg scale aiter each tlaining
week. No significant differences were noted bet\\'een thc
groups except during u'eek 5, when the WBV group rated the
exercises lower (easicr). Wc know that t ite amplitude of the
vibrations was reduced fnrrl ,1 rnm to 2 mm just bctbre week
5, whereas the ftequency incrcased frorn 26 Hz fo 28 Hz. It

is possible that the amplitudc of the vibrations had an inpor
tant influencc on the perceiled exefi ion of the subjects. In
prcvious sludies, attention \r 'as paid only to the frequcncv of
the vibrations.

The limitations of our stud) should be noted. Although the
WBV raining group sho$,ed a si-snilicantly greatcr gain in
cxplosi\e strength and in planta. I lcxor strength at low speed,
ue should take into account thc täct that the WBV group was
bigger and older than the ER group at basclinc. Therefbre, wc
bave analyzcd thc change scores of both l lroups and not the
absolute end Yalues. In our study. no truc control group \\ 'as
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T I
T -)

,"

I _ L

--.-wBV

f€JER t

Week
Perceived exertion of the training programs. Each value represents
the mean Borg score ol each training week. No significant differ-
ences were noted between the groups except during week 5 (P =

.015). WBv indicales whole-body vibration training group; ER,
equivalent resistance training group.

included. One could suggest thal the young subjects might
have had strength improvements regardless of training. Anoth-
er l imitation of our study was that we have not studied the
length of the training effects. Therefbre, future researche$
should include a fbllow-up of the length of the training elfects
Final.ly. not performing a Bonfenoni correction in order to
take type I enors ink) account when analyzing several depen-
dent variables is also an important limitation of our study.

In conclusion, neither WBV traioing nor ER training
seerned to hnve an etl'ect on the postural control of young

healthy skiers. However, both training programs inproved iso
kinctic ankle and knee musclc strength and explosive strcngth
after 6 *'ceks of training. Nloreovet W.BV training resulted in
a significirntl l greater gain in explosive strength and plantar-
flexor strength at 1o\\, speed compued with F,R training after
6 weeks. Therefbre, our findings support the h)'pothcsis that
WBV training can be a benelicial addition to lraditional
strength prog.ams.
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