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ABSTRACT

Bagheri, J, van den Berg-Emons, RJ, Pel, JJ, Horemans, HL, and
Stam, HJ. Acute effects of whole-body vibration on jump force
and jump rate of force development: A comparative study of
different devices. J Strength Cond Res 26(3): 691-696,
2012-The goal of this study was to compare the acute effects
of whole-body vibration (WBV) delivered by 3 devices with
different mechanical behavior on jump force (JF) and jump rate
of force development (JRFD). Twelve healthy persons (4 women
and 8 men; age 30.5 = 8.8 years; height 178.6 = 7.3 cm; body
mass 748 * 9.7 kg) were exposed to WBV for 15 and
40 seconds using 2 professional devices (power plate [PP; vertical
vibration] and Galileo 2000 [GA; oscillatory motion around the
horizontal axis in addition to vertical vibration]) and a home-use
device [Power Maxx, PM; horizontal vibration]). The JF and JRFD
were evaluated before, immediately after, and 5 minutes after
WBV. The JF measured immediately after 40 seconds of vibration
by the GA device was reduced (3%, p = 0.05), and JRFD
measured after 5 minutes of rest after 40 seconds of vibration by
the PM device was reduced (12%, p < 0.05) compared with the
baseline value. The acute effects of WBV (15 or 40 seconds) on JF
and JRFD were not significantly different among the 3 devices. In
conclusion, our hypothesis that WBV devices with different
mechanical behaviors would result in different acute effects on
muscle performance was not confirmed.

Key WORDS countermovement jump, force plate, muscle
performance
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INTRODUCTION

hole-body vibration (WBV) is a relatively new

approach to train the muscular system of the

human body (4,9-11). Whole-body vibration

initiates a rapidly and repeating eccentric-
concentric action, which brings about muscular work and an
elevation in metabolic rate (26). Whole-body vibration is
applied through a vibrating surface that supports the person.
Whole-body vibration studies are usually performed with the
user standing on a motor-driven vibrating plate. The machine
mainly affects the muscles that transmit the vibrations to the
body via the upright position (24). Based on previous studies,
WBYV is a safe and tolerable method for improving muscle
performance (4,13,19,30-32).

It has been suggested that WBV exercises muscles primarily
through the activation of the tonic vibration reflex (TVR)
(8,21,27). Applying a vibratory stimulus to the body, all sensory
receptors within the epidermis, dermis, joint capsules, and
muscles (la afferents) will be stimulated, and thereby, the
stretch reflex will be activated. The magnitude of muscle
activation during vibration is determined by Ia-afferent
sensitivity (2,8). Both excitation and inhibition of the stretch
reflex during vibration have been reported (8,10,15,21).

However, the effects of WBV on muscle performance are
not conclusive (5,10,13,22,31). In athletes, results ranged from
no effect to a favorable effect on muscle performance
(6,10,12,17,28). In the elderly, improvement in muscle
performance was almost always reported (1,3,7,33). Favor-
able effects on the neuromuscular system were also reported
in patients with Parkinson’s disease (18), multiple sclerosis
(29), stroke (32), and cystic fibrosis (25).

The observed variation in the effects of WBV on muscle
performance might partly be explained by differences in the
mechanical behavior of WBV devices (23). The GA and PP
are professional devices that have been used in many studies.
A simpler and less costly device is the Power Maxx (PM),
which is designed for home use. Galileo creates an oscillatory
motion around the horizontal axis in addition to vertical
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vibration, whereas PP creates only a vertical vibration, and PM
vibrates primarily in the horizontal plane (23). We hypothe-
sized that these technical differences between the WBV
devices could affect the effects of WBV on muscle perfor-
mance. Effects of differences in device mechanical behavior on
muscle performance would
most likely be observable di-
rectly after vibration. Hence, the
goal of this study was to de-
termine whether there are differ-

exercise for about 2 h-wk™?!), and 7 were athletes (partici-
pating in regular sports and exercise for 8 h-wk™!). Each
subject read and signed a University Institutional Review
Board (Erasmus MC)-approved informed consent form
before participation.

TasLe 1. Whole-body vibration devices and specifications for intervention sessions.*¥

ences among these vibration Displacement (mm) ORMS Duration
devices in terms of acute effects Device Frequency (Hz) (peak to peak) (units of gi) (s)
le perfc .

on muscie periormance GA 24 2.6 + 0.1 55 40
24 2.6 = 0.1 5.5 15

MeTHODS PP 30 2.2 + 0.1 3.3 40

Experimental Approach to the 30 22 *+ 041 3.3 15

Problem PM 28 0.6 £ 0.02 0.4 40
28 0.6 = 0.02 04 15

Within 2 weeks and on separate

days, each participant was ex- *PP = Power Plate; GA = Galileo 2000; PM = Power Maxx.

posed to 6 different WBV tResults are expressed as mean = SD.

. . . . 1g =981 ms 2

interventions (3 different devi-

ces with for each device 2 dif-

ferent durations of intervention,

Table 1). At the start of each

session, the  participants

warmed up for 3 minutes by . i

pedaling a stationary cycle TaBLE 2. Sequence of measurements in each WBV session.*

After that, 3 maximum vertical 3-min First set Second 5-min rest Third set

countermovement jumps were stationary of WBV set of ona of

performed. Sets of 3 jumps cycling 3 jumps intervention 3 jumps chair 3 jumps

were also performed immedi-
ately after and 5 minutes after
the vibration intervention. Dur-
ing the 5-minute period after
the intervention, the partici-
pants rested sitting on a chair
(Table 2).

To evaluate the acute effect of
the different devices (indepen-
dent variable) on muscle perfor-
mance, we measured jump force
(JF, dependent variable) and
jump rate of force development
(JRFD, dependent variable) by
force plate measurements.

Subjects

Twelve healthy volunteers were
recruited (4 women and 8 men,
age 30.5 = 8.8 years, height
178.6 = 7.3 cm, and body mass
748 = 9.7 kg). Five of these
participants were recreationally
trained (participating in a vari-
ety of recreational sports and
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*WBV = whole-body vibration.

Ga PM

Figure 1. Whole-body vibration devices: Power Plate (PP), Galileo 2000 (GA), and Power Maxx (PM).
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Figure 2. Different directions of vibration in whole-body vibration devices: Power Plate (PP), Galileo 2000 (GA),
and Power Maxx (PM).
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Figure 3. A typical trace for the calculation of the jump parameters based on 3 jumps. 1 = maximum value is peak
jump force (JF); 2 = by this line jump rate of force development (JRFD) is calculated.

Candidates were excluded if
they had recent or possible
thrombosis, severe headache,
vestibular disorder, advanced ar-
thritis, lower limb implant, syn-
thetic implant (e.g., pacemaker),
lumbar disc disorder, vertebral
discopathy, acute systemic in-
fection or inflammation, medica-
tion that could interfere with
postural control, pregnancy, re-
cent fracture, gall bladder or
kidney stone, or malignancy.

Procedures

We used 3 WBV devices with
different mechanical behaviors
(Figure 1). The PP and GA
vibrate in near-perfect vertical
sine waves at 25- to 50- and 5-
to 40-Hz frequencies (Figure 2).
The PP creates only vertical
vibrations, and every point on
the platform has the same
motional property. The GA
creates an oscillatory motion
around the x-axis in addition to
vertical vibration. Unlike PP,
points on the GA platform have
different motional properties;
oscillatory effects depend on
both the distance between the
feet and the position of the axial
axis. In a previous study, we
showed that, for both devices,
platform loading does not in-
fluence mechanical behavior
(23). The platform of the PM
vibrates primarily in the hori-
zontal plane at 22-34 Hz, with
minimal vertical acceleration
(maximum ~20 m-s~?). Load-
ing the PM platform can in-
crease vertical accelerations.
Vertical accelerations are high-
est in the GA (maximally ~130
m-s~?%) and PP (maximally ~70
m-s~?) devices (23).

The interventions consisted
of exposure to WBV provided
by one of the devices for either
15 or 40 seconds. Because
experts from Power Plate and
Galileo advised different dura-
tions (15 and 40 seconds,
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TaBLE 3. Comparison of jump values measured before and immediately after exposure to WBYV for different devices and

exposure durations in 12 healthy subjects.*f

15 s of WBV 40 s of WBV
Parameters Before After p Before After p
PM JF 1.92 = 0.28 1.88 = 0.32 0.16 1.92 = 0.28 1.90 = 0.31 0.24
JRFD 9.38 £ 4.52 10.70 = 6.71 0.21 10.57 = 4.61 11.39 = 4.61 0.21
PP JF 1.85 = 0.26 1.89 = 0.31 0.68 1.91 = 0.28 1.83 = 0.26 0.23
JRFD 9.68 * 4.35 11.26 * 6.21 0.11 10.32 £ 4.91 10.52 * 5.61 0.83
GA JF 1.94 = 0.25 1.91 = 0.25 0.07 1.95 = 0.27 1.90 = 0.32 0.05
JRFD 10.22 = 4.61 10.37 = 4.71 0.82 10.26 *= 4.81 11.02 = 5.51 0.25

*WBYV =whole-body vibration; JF =jump force in kilonewtons; JRFD = jump rate force development in kilonewtons per second; PM =

power maxx; PP = power plate; GA = Galileo.

tResults are expressed as the mean of the 3 jump measurements = SD.

respectively) to activate the TVR physiologically, we decided
to use both durations. The order of the interventions for each
participant was randomly determined. The participants stood
on the platform with bare feet, with 90° knee flexion and
astraight trunk. They kept their balance by holding the device
handle with their hands. During this study, comparable
platform frequencies were chosen for all 3 devices. In Table 1,
the physical properties are summarized for each platform
used, that is, the platform frequencies, average platform
displacements (peak-to-peak), average platform accelerations
in units of ¢ (= 9.81 m's™?) and the applied duration of
vibration in each subject.

To perform the jump measurements, the participants stood
on a force plate (including 2 plates; 30 X 60 cm; Novotec,
Pforzheim, Germany) with their bare feet parallel to each
other and hands on their waist. They were instructed to jump
as quickly and as high as possible. Before the very first jump,
the participants did one practice jump to become familiar

with the procedure. To reduce the variability of the jump
performance, sets of 3 jumps were performed before the WBV
intervention, immediately after and 5 minutes after the
intervention. The variation of the jump measurement was
evaluated by the coefficient of variation (based on jumps
before the WBV intervention). Vertical (Z-plane) ground
reaction force was collected on the force plate sampled at
100 Hz using an external A/D converter and was analyzed
offline using customized software. The JF and JRFD were
calculated for every jump and were averaged over a set of
3 jumps. The JRFD was defined as the peak slope of the
force-time curve generated (Figure 3).

Statistical Analyses

Analysis of variance (ANOVA) was used to compare devices for
effects on JF and JRFD. In addition, paired-samples # tests were
used to compare JF and JRFD measurements from before the
WBYV intervention with data acquired (a) immediately after

TasLe 4. Comparison of jump values measured before and 5 minutes after the exposure to WBC for different devices and

exposure durations in 12 healthy subjects.*f

15 s of WBV 40 s of WBV
Parameters Before After p Before After p
PM JF 1.92 £ 0.28 1.91 £ 0.25 0.95 1.92 = 0.28 1.91 = 0.28 0.88
JRFD 9.38 + 452 9.93 * 5.21 0.19 10.57 = 4.61 9.31 * 4.42 0.03
PP JF 1.85 = 0.26 1.83 £ 0.29 0.48 1.91 = 0.28 1.90 = 0.24 0.62
JRFD 9.68 + 4.35 9.86 * 0.44 0.72 10.32 = 4.91 10.19 = 4.71 0.81
GA JF 1.94 £ 0.25 1.88 * 0.25 0.09 1.95 = 0.27 1.91 £ 0.25 0.28
JRFD 10.22 = 4.61 9.52 * 4.62 0.06 10.26 *= 4.81 10.13 = 5.34 0.75

*WBYV =whole-body vibration; JF =jump force in kilonewtons; JRFD = jump rate force development in kilonewtons per second; PM =

power maxx; PP = power plate; GA = Galileo.

tResults are expressed as the mean of 3 jump measurements £ SD.
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WBV and (b) after 5 minutes of rest after WBV. In all statistical
analyses, we considered the average of 3 jumps in each set.
Two-tailed p values =< 0.05 were taken as significant. Data were
analyzed with SPSS 16.0.1 for Windows.

REsuLTS

All the 12 participants completed the sessions successfully. There
were no reports of adverse effects of exposure to WBV, although
3 of the participants declared having a temporary (10 seconds)
tingling sensation in their toes after the WBV intervention.

Table 3 compares the JF and JRFD data gathered before
and immediately after exposure to WBYV, stratified by device
and duration of exposure. The ANOVA showed no
significant differences among the 3 devices for both JF and
JRFD. In general, JF tended to be lower after the intervention,
but only the decrease after 40 seconds of vibration (GA) was
statistically significant. The JRFD tended to increase
immediately after the intervention, but the effects were not
statistically significant. Coeflicient of variation for JF was
5.93%, and for JRFD it was 21.88%.

Table 4 compares the JF and JRFD data collected before
exposure and after 5 minutes of rest after exposure to WBV.
No significant differences were found among the devices in
terms of effects on JF and JRFD. The JF tended to be lower
after exposure to WBV plus 5 minutes’ rest, but none of the
differences were significant. After 40 seconds of vibration,
a significant effect on JRFD after 5 minutes of rest was
obtained with the PM device (a reduction of 12%, p < 0.05).

DiscussioN

To our knowledge, this is the first study to compare the acute
effects of different WBYV devices on muscle performance. We
expected that, because the devices generate vibration in
different directions (Figure 2), they would exert different
effects on muscle performance (23). However, we found that
the exposure to WBV produced by these different devices did
not have significantly different acute effects on JF and JRFD.
Therefore, our hypothesis was not confirmed.

Exposure durations in this study (15 and 40 seconds) were
short compared with exposure durations reported in previous
studies (4-10 minutes) (6,14,31). Therefore, it is difficult to
compare our results with those of the earlier studies. Because
it has been reported that short exposures to vibration can
activate TVR physiologically (16), we chose relatively short
exposures to avoid excessive muscle fatigue.

In our study, compared with pre-WBYV values, JF tended to
be lower immediately after exposure to WBV, and JRFD
tended to be higher. It is interesting to know why short
exposure to a single bout of WBV affected JF and JRFD in
opposite directions. Reduction of JF might be related to the
inhibitory effects of vibration on recruitment of motor units.
In this context, electromyography studies of leg muscle have
shown increased signals after exposure to WBV of only 10—
20% of maximal values, which is not adequate to recruit
additional muscle fibers during WBV (26). The JRFD

increased likely because of the firing rate of motor units in
the initial few seconds of exposure to WBV.

In line with our findings on JF, de Ruiter et al. (14) found
a reduced jump height 10 seconds after vibration, which
returned to baseline values by 15 minutes. In contrast, Bosco
et al. (5) found increased leg-extension power and jump
height immediately after a single WBV training session.
However, both the subjects and the interventions in their
studies were different from ours. Thus, there is no consensus
on the effect of WBV on JF, and further research is needed.

There are a number of possible explanations as to why we
did not detect a clear favorable effect of WBV on JF and JRFD.
First, motor neuron recruitment in response to direct muscle
tendon vibration is rather limited, probably because vibration
also elicits a certain level of presynaptic Ia inhibition, which
brakes the further recruitment of motor neurons (14). Second,
during WBYV, the vibration is applied to the soles of the feet,
and each foot joint will have a dampening effect on the
vibration stimulus in the distal to proximal direction of the leg
(14). Additionally, WBV causes the reciprocal inhibition of
antagonist muscles. During WBYV, agonist and antagonist
muscles are simultaneously impacted, which may further
enhance the inhibitory effects of vibration (14,20).

Our study has 2 potential limitations: First, we could not
apply equal amplitudes and frequency settings for the 3 devices
because of their different designs. However, we attempted to
choose the most comparable device settings. Second, we are
aware that the study sample was relatively small. However, the
results do not suggest that a larger sample would result in
different conclusions.

PRACTICAL APPLICATIONS

In contrast to what we expected, there were no significant
differences in acute effects of WBV on JF and JRFD among
devices with different mechanical behaviors. Furthermore, there
were only minor acute effects. Long-term effects of training
programs by using WBV devices have to be evaluated in
longitudinal studies. The findings of this study imply that as yet,
to improve muscle performance, both professional devices and
the home-use device may be used. This is an important finding,
because home-use devices have the advantage that they are
considerably less costly than professional devices are and that
they can be used in the natural surroundings (more time
efficient). However, one should realize that loading the PM
platform can increase vertical accelerations; this makes the
device less suitable for scientific purposes.
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