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ABSTRACT

Marı́n, PJ, Bunker, D, Rhea, MR, and Ayllón, FN. Neuromuscular

activity during whole-body vibration of different amplitudes and

footwear conditions: implications for prescription of vibratory

stimulation. J Strength Cond Res 23(8): 2311–2316,

2009—This study investigated the magnitude of whole-body

vibration (WBV) at 30 Hz induced in surface electromyography

root-mean-square (EMGrms) signals of different amplitudes

and footwear conditions of unloaded isometric half squat

(100o). For this purpose, 10 healthy and active males (age

28.76 4.6 yr; height 1806 5.9 cm; and weight 906 13.4 kg)

volunteered to participate in this study. Subjects were exposed

to the WBV treatment using a vibration platform (FreeMotion

Fitness iTonic). The subjects were exposed randomly to 4 dif-

ferent treatments of WBV: with shoes 2 mm amplitude, without

shoes 2 mm, with shoes 4 mm, and without shoes 4 mm. The

EMGrms signals were recorded from the vastus lateralis and

the gastrocnemius medialis muscle during the different con-

ditions. TheWBV treatments resulted in a significantly higher (p

# 0.05) EMGrms compared with unloaded isometric half squat

(without WBV). The WBV treatment that induced the highest

EMGrms signals of the vastus lateralis was during the

amplitude of 4 mm without shoes (+62.7%; p , 0.01),

whereas 4 mm with shoes induced the highest EMGrms signals

of the gastrocnemius medialis (+142.7%; p , 0.01). These

data suggest that wearing shoes does alter the neuromuscular

response to WBV stimuli, and exercise professionals should

consider such differences when using WBV to target

neuromuscular activation of such muscle groups. In this study,

the magnitude of the WBV effect was clearly higher with the

amplitude 4 mm versus 2 mm for the vastus lateralis muscle and

gastrocnemius medialis muscle. The vastus lateralis showed

the greatest activity without shoes and at amplitude of 4 mm.

The maximal activation for the gastrocnemius medialis was

measured with shoes at 4 mm.
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INTRODUCTION

W
hole-body vibration (WBV) exercise has been
used among healthy people, athletes, as well as
in spinal cord injury patients (3,4,6,21,26).
Mechanical vibrations applied to the muscle

or tendon stimulates sensory receptors, and activation of
muscle spindles facilitates the activations of alpha-motoneurons,
leading to tonic vibration reflex (9,14). Studies on vibration
have shown transient increases in muscle power output (4),
strength enhancement (10), an increase in speed (23), and
volume of blood flow (17,27).
These effects, however, are strongly dependent on the type

and duration of vibration parameters (16,22). Whole-body
vibration is applied through a vibration platform that evokes
a mechanical oscillation that can be defined by frequency and
amplitude (19). The frequency is measured in the unit of
hertz (Hz; cycles/s) that shows oscillations ranging from 15
to 60 Hz (7). Peak to peak amplitude or displacement is
defined as the difference between the maximum and the
minimum value of periodic oscillation, and on the other
hand, amplitude is defined as half the difference between the
maximum and the minimum value of the oscillation (11).
Amplitude is currently marked ranging from 1 to 15 mm (7).
The frequencies have been analyzed using electromyography
root mean square (EMGrms) of the vastus lateralis with
different frequencies (30, 40, and 50 Hz), showing that the
highest EMGrms is found at 30 Hz, suggesting this frequency
as the one eliciting the highest response in vastus lateralis
muscle during WBV in the half-squat position (6). Other
authors have analyzed leg muscle activity during WBV
training at 35 Hz on high squat (HS), low squat (LS), and
1-legged squat (OL). The results showed significantly higher
activity in OL compared with HS and LS (25). So far, only
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a recent study has reported basic EMG recordings during
WBVvibration at different amplitudes 2 mm versus 4 mm on
the vastus lateralis, the biceps femoris, the biceps brachii, and
the triceps brachii. This study showed the greatest increase in
EMG activity was elicited by 4 mm amplitude (15).
One factor to be considered is the wearing of athletic

footwear during platform-based WBV. Athletic shoes absorb
part of the vertical impact during physical activity (2,18,20,24).
Studies have shown that the use of athletic shoes induced
significant improvement of strength, countermovement jump,
and flexibility (5,13). Other studies in which subjects did not
wear athletic shoes during WBV training induced a significant
increase of the neuromuscular activation of the vastus lateralis,
the biceps femoris, the gastrocnemius, and the tibialis anterior
(1), as well as the tendency of an increase in salivary
concentration of cortisol after WBV (12).
This study investigated the magnitude of increased

EMGrms during WBV at 30 Hz during different conditions
of unloaded isometric half squat: with and without athletic
shoes with 2 mm amplitude and with and without athletic
shoes with 4 mm amplitude.

METHODS

Experimental Approach to the Problem

To address the question put forward in the introduction, this
study analyzed the vastus lateralis and gastrocnemiusmedialis
activity during WBV training at 30 Hz while subjects per-
formed 4 standard unloaded isometric exercises (independent
variables). With and without athletic shoes with 2 mm
amplitude and with and without athletic shoes with 4 mm
amplitude were recorded through use of surface EMGrms
(dependent variable). For comparison, muscle activation
during unloaded isometric half squat without WBV (control)
was recorded.

Subjects

Ten healthy, active males (age 28.76 4.6 yr; height 1806 5.9
cm; and weight 90 6 13.4 kg) volunteered to participate in
this study. The footwear that was worn during the study
included running shoes (3), basketball shoes (2), and tennis
shoes (4). Exclusion criteria included history of several
musculoskeletal problems, epilepsy, or acute hernia. Full
advice was given to the subjects regarding the possible risk
and discomfort that might be involved, and the subjects gave
their written informed consent. The study was approved by
the University’s Human Ethics Committee according to the
Declaration of Helsinki.

EMG Analysis

The surface EMGrms signals (Noraxon Myosystem 1200,
Scottsdale, AZ, USA) from the vastus lateralis and the
gastrocnemius medialis muscle of the right leg were recorded
bipolarly by disposable 20-mm disc electrodes (Ag/AgCl).
Before electrode placement, the skin was shaved and cleansed
with alcohol. The electrodes were fixed lengthwise over the
middle of the muscle belly with an interelectrode distance of
25 mm. The pre-amplified EMGrms signals were amplified
(31,000), bandpass filtered (15 Hz–10 kHz), and sampled at
2.000 Hz for off-line analysis. A ground electrode was placed
over the perone tuberosity. Electromyography cables were
fastened to prevent the cables from swinging and for
movement artifact.

Treatment Protocol

Subsequent to the positioning of the electrodes, the
experimental session started with a standardized warm-up
consisting of 5 minutes of cycling on an ergometer without
resistance. Subjects were exposed to the vertical sinusoidal
WBV treatment (WBV) using a vibration platform (Free-
Motion Fitness iTonic, Colorado Springs, CO, USA). The

Figure 1. Study design.
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frequency used was maintained at 30 Hz throughout all
conditions, and the amplitudes used were 2 and 4 mm. The
subjects were exposed to 4 different WBVconditions: 1) with
shoes 2 mm, 2) without shoes 2 mm, 3) with shoes 4 mm, and
4) without shoes 4 mm. Each vibration treatment was for
30 seconds, with 60 seconds of rest allowed between each
WBV treatment. The sequence of the conditions was
randomly applied to avoid any sequential affect. The subjects
were asked to stand in half-squat position on the vibration
platform (100�) as indicated in previous studies (4–6). The
EMGrms signal was collected from the vastus lateralis and

the gastrocnemius medialis during the 30-second duration of
the testing position. A total of 5 sets lasting 30 seconds each
were performed with 60 seconds of rest between sets
allowed.
Electromyography root mean squares were recorded for

5 seconds before starting the vibration treatment to verify
the absence of residual muscle activity. All treatments were
applied in random order in both the no WBV (control) and
with WBV conditions. The subjects then performed the
isometric half squat in the following conditions: no WBV,
2 mm with shoes, 2 mm without shoes, 4 mm with shoes,

Figure 2. Mean 6 SE of EMGrms activity of vastus lateralis muscle (left) and gastrocnemius medialis muscle (right) at different half-squat conditions, without
WBV (Isometric), and with WBV: 2 mm amplitude with shoes (With 2 mm.), 2 mm amplitude without shoes (Without 2 mm.), 4 mm amplitude with shoes (With
4 mm.), and 4 mm amplitude without shoes (Without 4 mm.). (n = 10). Significant difference from baseline value ** = p , 0.01; * = p # 0.05.

TABLE 1. Mean 6 SE of electromyography root-mean-square (EMGrms) activity of vastus lateralis (VL) muscle and
gastrocnemius medialis (GM) muscle at different half-squat conditions, without whole-body vibration (WBV; isometric),
and withWBV: 2 mm amplitude with shoes (with 2 mm), 2 mm amplitude without shoes (without 2 mm), 4 mm amplitude
with shoes (with 4 mm), and 4 mm amplitude without shoes (without 4 mm) (n = 10).

VL average GM average

EMGrms (mV) Effect size (d) EMGrms (mV) Effect size (d)

Isometric 0.217 6 0.078 0.015 6 0.01
With 2 mm 0.341 6 0.071 1.59 0.032 6 0.019* 1.70
Without 2 mm 0.276 6 0.097 0.76 0.026 6 0.012 1.10
With 4 mm 0.342 6 0.086* 1.60 0.036 6 0.014† 2.10
Without 4 mm 0.353 6 0.081† 1.74 0.035 6 0.013* 2

Significant difference from baseline value (without WBV, isometric); *p # 0.05; †p , 0.01. Effect size (d) difference from baseline
value (without WBV, isometric).
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and 4 mm without shoes vibration amplitude (Figure 1).
The EMGrms value compared with the equivalent base-
line (no WBV) half-squat conditions, normalization relative
to maximal voluntary contractions, was unnecessary as
indicated in previous studies (1,6). All subjects familiarized
themselves with the different treatments before testing.

Statistical Analyses

All analyses were performed
using a specialized statistical
software package (StatistiXL,
Statistical Power, Broadway-
Nedlands, Australia) for MS
Excel, Version 1.8. Average
EMGrms values for the vastus
lateralis and the gastrocnemius
medialis were considered for
analysis. Before statistical anal-
ysis, data were found to be
normally distributed (Shapiro-
Wilk test), and therefore the
analysis was carried out using
parametric statistical tests. To
analyze differences in EMGrms
between treatments, a repeated-
measures analysis of variance
was computed to identify sig-
nificant differences for the
dependent variable. Significant
F values were followed by a
Tukey post hoc test to deter-
mine the exact sites of statistical
significance. The level of signif-

icance was set at p # 0.05. Effect sizes were analyzed to
determine the magnitude of an effect independent of sample
size. Coheńs effect sizes (d) were measured by the formula:
Coheńs d = M22M1/s
Small effect sizes are considered d # 0.2, moderate effect

sizes are 0.2 , d , 0.8, and large effects sizes are d $ 0.8 (8).

Figure 3. Percent increase above baseline (half-squat without WBV) EMGrms during 2 mm amplitude with shoes
(With 2 mm), 2 mm amplitude without shoes (Without 2 mm), 4 mm amplitude with shoes (With 4 mm), and 4 mm
amplitude without shoes (Without 4 mm) conditions. (n = 10) ** = p , 0.01; * = p # 0.05.

Figure 4. EMGrms activity by subject of vastus lateralis muscle (VL) and gastrocnemius medialis muscle (GM) at different half-squat conditions, without WBV
(Isometric), and with WBV: 2 mm amplitude with shoes (With 2 mm.), 2 mm amplitude without shoes (Without 2 mm.), 4 mm amplitude with shoes (With 4 mm.),
and 4 mm amplitude without shoes (Without 4 mm.). (n = 10).
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RESULTS

Vastus Lateralis Muscle

The EMGrms activity was higher with the WBV conditions
compared with half squat without WBV (p , 0.01). Figure 2
and Table 1 represent the muscle activity of the vastus
lateralis during different treatments: isometric (no WBV),
2 mmwith shoes, 2 mmwithout shoes, 4 mmwith shoes, and
4 mm without shoes vibration amplitude. Contrast analyses
clarified a significant (p , 0.01) WBV-induced increase in
EMGrms activity during the 4 mm without shoes amplitude
(+62.7%) and a significant (p # 0.05) WBV-induced increase
during the 4 mm with shoes WBV (+57.8%). A significant
(p # 0.05) WBV-induced increase occurred during the 2 mm
with shoesWBV (+57.3%) comparedwith noWBV (Figures 3
and 4). The WBV effect 2 mm without shoes was not
significantly different; nevertheless, this treatment was of
moderate effect sizes (d = 0.76) (Table 1). On the other hand,
no significant difference resulted when the WBV conditions
were compared with each other.

Gastrocnemius Medialis Muscle

The EMGrms activity of gastrocnemius medialis was higher
in the WBV conditions compared with half squat without
WBV (p , 0.01) (Figure 2 and Table 1). Contrast analyses
clarified a significant (p , 0.01) WBV-induced increase in
EMGrms activity 4 mm without shoes amplitude (+130%)
and a significant (p # 0.05) WBV-induced increase in 4 mm
with shoes WBV (+142.7%) and also a significant (p # 0.05)
WBV-induced increase in 2 mm with shoes WBV (+114.9%)
(Figure 3 and Figure 4). The WBV effect during the 2 mm
without shoes was not significantly different; nevertheless, it
had a large effect size (d = 1.10) (Table 1). No significant
difference was noted when the WBV conditions were
compared with each other.

DISCUSSION

This is the first study that analyzes the effect of wearing
athletic shoes to different amplitudes (2 and 4 mm) on the
WBV-induced increase in EMGrms activity of the legmuscles
during an unloaded isometric half squat. In this study, the
magnitude of the WBV effect was clearly higher with the
amplitude 4 mm versus 2 mm for the vastus lateralis muscle
and gastrocnemius medialis muscle, such as also reported
Hazell et al. (15). When analyzing the EMGrms of the vastus
lateralis, wearing shoes showed no conclusive changes with
the different amplitudes of 2 versus 4 mm (+57.3% vs. +
57.8%, respectively). Without shoes, there were greater
changes, depending on the amplitude, 2 versus 4 mm (+27.2%
vs. + 62.7%, respectively). The vastus lateralis showed the
greatest activity without shoes and at amplitude of 4 mm.
Thus, if high activation of the vastus lateralis is wanted, then
the training process needs to be performed without shoes
and at an amplitude of 4 mm. The gastrocnemius medialis
responded to different amplitudes while wearing shoes at
2 versus 4 mm (+114.9% vs. +142.7%, respectively) and

without shoes as well (+74.8% vs. +130%, respectively). The
maximal activation for the gastrocnemius medialis was
measured with shoes at an amplitude of 4 mm.
Cardinale and Lim (6) reported an increase of 34% in the

vastus lateralis muscle EMGrms when subjects (professional
women volleyball players) stood in an half squat (100�) on
a platform vibrating at 30 Hz with a peak to peak amplitude
of 10 mm (amplitude or displace = 5 mm). This increase is
lower compared with a WBV-induced increase in the vastus
lateralis muscle activity of 62.7% with 30 Hz and 4 mm
amplitude without shoes in the present study. It is reasonable
to accept that this difference in the vibration effect may be
caused by the differences of subjects (professional women
volleyball players vs. active males) or the different conditions
(shoes vs. without shoes).
However, Roelants et al. (25) found a greater increase

compared with our data. Roelants et al. reported WBV-
induced increase in the vastus lateralis and the gastrocnemius
medialis muscle activity of 92.5% and 301%, respectively.
Both sets of data are higher than the present study, 92.5%
versus 62.7% for vastus lateralis and 301% versus 142.7% for
gastrocnemius medialis. These differences may be a result of
different knee angles selected in the study design (100� vs.
125�) and in differences in vibration frequency (30 vs. 35 Hz).
Nonetheless, Abercromby et al. (1), using the same

frequency and amplitude as in the present study, reported
data similar to ours, WBV-induced increases in vastus
lateralis and gastrocnemius medialis muscle activity of 77%
and 132%, respectively. Nevertheless, in all these studies,
a high increase in EMGrms activity during WBV has been
shown.
On the other hand, the vibration effect was clearly

dependent on the distance between the muscle and the
vibration platform, as also reported in several studies (1,25).
For example, with an amplitude of 4 mm while wearing
shoes, the relative WBV induced in EMGrms activity of
gastrocnemius medialis muscle was clearly higher (142.7%)
when compared with vastus lateralis muscle (57.8%). In
addition, the gastrocnemius medialis has shown to have
more variation for amplitude and footwear changes than the
vastus lateralis.
The mechanism by which athletic shoes alter the response

to WBV is somewhat speculative. One theory involves
a potential change in the amplitude and frequency of the
actual vibration when the stimulus is absorbed by the sole of
the shoe. If the sole is very pliable, more dampening of the
vibration would be expected, and a different amplitude of
movement would be transferred to the body. In addition,
especially with running shoes, shoe soles increase the surface
area of the foot that is in contact with the platform surface.
This increase may enhance the amount of vibration trans-
ferred into the body and thus alter the optimal frequency and
amplitude needed to elicit the greatest muscle activity. Such
mechanisms would require greater research to confirm or
reject. In addition, further studies are required to analyze the
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acute and chronic affects of different WBV amplitudes,
frequencies, and conditions in different individuals (e.g., high
vs. low performance).

PRACTICAL APPLICATIONS

To increase the activation of the vastus lateralis and the
gastrocnemiusmedialis, it is proposed that the trainer/therapist
have the individual in training begin the use of the WBV
platform while in an unloaded, isometric half squat. For
progression in training, the individual can begin using the
WBV training at the 2 mmwithout wearing athletic footwear.
The next step in the progression would be to keep the WBV
setting at a 2 mm while wearing footwear. The final step in
this training progression is to set the WBV stimulus at 4 mm
while having the individual alternate from wearing shoes to
removing the footwear. This approach would present
variation in stimulus. However, if an individual has a foot
condition (e.g., over-pronation, orthotics, etc.), then it is
proposed that correct athletic footwear is worn while in the
half squat position on the WBV platform.
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