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The influence of the knee flexion on muscle activation and transmissibility during whole body vibration is
controversially discussed in the literature. In this study, 34 individuals had electromyography activity
(EMG) of the vastus lateralis and the acceleration assessed while squatting with 60� and 90� of knee flex-
ion either with or without whole-body vibration (WBV). The conditions were maintained for 10 s with
1 min of rest between each condition. The main findings were (1) the larger the angle of knee flexion
(90� vs. 60�), the greater the EMG (p < 0.001), with no difference on acceleration transmissibility; (2)
for both angles of knee flexion, the addition of WBV produced no significant difference in EMG and higher
acceleration compared to without WBV (p < 0.001). These results suggest that the larger the knee flexion
angle (60� vs. 90�), the greater the muscle activation without acceleration modification. However, the
addition of WBV increases the transmissibility of acceleration in the lower limbs without modification
in EMG of vastus lateralis.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Despite their having been interest for many year in the effects
of vibration on muscle capability, until today, the literature has
presented conflicting results about muscle activation/performance
after whole-body vibration (WBV) stimulation (Bullock et al., 2008;
Dabbs et al., 2010; Kelly et al., 2010; Lovell et al., 2011; Avelar
et al., 2012).

EMG activity has been used because this measurement may
help to elucidate the neural (activation) or peripheral (contractile)
mechanisms underlying any changes in function that are promoted
by WBV (Hannah et al., 2013). Additionally, EMG activity can serve
as an adequate parameter for estimating muscular activation
intensity, thus contributing to the development of an appropriate
methodology for training. However, to develop a structured WBV
training program, it is necessary to understand the influence of
acceleration (transmitted by the vibratory platform) and its rela-
tion to muscle activation (Marín et al., 2011) because acceleration
represents the stimulus intensity during exercise (Batista et al.,
2007; Rittweger, 2010).

Different positions of the subject on the platform correspond to
different muscle mechanical stimulations for the following rea-
sons: muscles and tendons are activated during WBV, and evidence
suggests that activated muscles are capable of damping the
mechanical waves produced by a vibratory platform (Wakeling
et al., 2002). Thus, the acceleration to be transmitted by the vibrat-
ing platform to the body depends on muscle stiffness (ability to
dampen the vibratory stimulus), which is closely related to the an-
gles of flexion of the lower limb joints (especially the knee joint).
Thus, to characterize the muscle response, it is important to iden-
tify the actual vibratory stimulus that is delivered to a target mus-
cle. Different angles of flexion of the knee can promote
modifications in muscle length, changes in the tension of the mus-
cle fibers, and consequently, the sensitivity of Ia afferents to induce
increased activation of a-motor neurons and greater muscle acti-
vation response (Roelants et al., 2006; Abercromby et al., 2007a).

The magnitude, evaluated by electromyography (EMG), of the
muscle activation provided by the vibratory stimulus seems to be
related to the degree of muscle activation prior to the vibration
exercise (Roelants et al., 2006; Abercromby et al., 2007b),
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promoting greater stiffness of the muscle to absorb the accelera-
tion and thereby increasing the neuromuscular response produced
by the vibration. According to this theory, several studies have
investigated the effects of the addition of vibratory stimuli to
squatting exercises because this association appears to enhance
the neuromuscular responses (Delecluse et al., 2003; Roelants
et al., 2004; Bogaerts et al., 2007; Marín et al., 2011).

Fratini et al. (2009a,b) demonstrated a positive correlation be-
tween muscle activity and the acceleration transmitted during
vibratory stimulus, indicating that acceleration is one of the points
to be checked during the exercise to quantify the overload of the
vibratory stimulus. Thus, EMG and acceleration transmission anal-
yses can be used to identify the conditions that maximize neuro-
muscular responses and to avoid the problems of chronic
exposure that have been highlighted in occupational medicine
(Di Gimiane et al., 2012).

Abercromby et al. (2007b) and Di Giminiani et al. (2012) pro-
vided the most comprehensive investigations of acute neuromus-
cular responses to WBV in the leg muscles. However, these
studies did not evaluate a key issue: the effects of EMG activity
and of the transmission of acceleration on the two most common
positions that are used when applying WBV (isometric squat at
90� or 60� of knee flexion with the tibia perpendicular to the
ground) (Avelar et al., 2011b, 2012; Simão et al., 2012).

The hypothesis that EMG responses and transmission of acceler-
ation to lower limbs are functions of body position is supported by
the theoretical model of Cardinale and Bosco (2003), which postu-
lated that the interaction between the mechanical properties of
the muscle–tendon unit and the tonic vibration reflex (TVR) regu-
lates muscle stiffness to dampen vibratory waves. The moment
about the knee joint is greater in the half squat position, resulting
in higher tension, and the knee extensors work over a longer length.
Therefore, it can be assumed that the knee extensors could have a
greater response at 90� of knee flexion compared to 60�, especially
during isometric squat exercises performed with the tibia perpen-
dicular to the ground. Given the above findings, it is unknown
whether different body positions could modify muscular stiffness,
influencing the transmission of vibratory stimuli to the lower limbs.

Assuming that the neuromuscular response during WBV is
mediated by Ia afferents, which is the case when the vibration
stimulus is directly applied to the muscle, our hypothesis is that
the EMG responses of the vastus lateralis, as well as transmission
of acceleration to the lower limbs, are influenced by the presence
of vibration stimuli and by the body’s position on the vibrating
plate. To test this hypothesis, the effects of two body positions
(squatting at 90� or 60� of knee flexion with the tibia perpendicular
to the ground) and of the addition of vibration stimuli on EMG re-
sponses and on the transmission of acceleration to the lower limbs
under isometric conditions were examined.

A novel aspect of the present study is that the study included
analyses of the transmitted acceleration (considered the effective
local stimulus) and evaluated its relationship with EMG activity.
This analysis could potentially improve the comprehension of the
neuromuscular response to these types of treatments. Moreover,
in this study, different squat depths (60� and 90�) that were similar
to protocols used in practice were evaluated. Physical training pro-
tocols and rehabilitation generally use larger knee flexion angles
during squat exercises (Avelar et al., 2011b, 2012; Simão et al.,
2012). Thus, the results may assist professionals who work in
rehabilitation and sports training in developing appropriate
methodologies for prescribing a structured training program with
progressive loads that consist of squat exercises with WBV
(Escamilla, 2001). Moreover, the results of the present study will
provide a better understanding of the influence of different angles
of knee flexion on neuromuscular responses and acceleration
values (stimulus intensity during WBV exercise).
2. Methods

2.1. Subjects

The study included 34 male subjects (mean age: 26.34 ±
7.07 years, height: 1.74 ± 0.04 m, body mass: 70.77 ± 7.86 kg and
body fat percentage: 12.39 ± 5.40%), aged between 18 and 35 years
who were physically active according to a self-report. We excluded
subjects with hernia, a history of musculoskeletal diseases, diabe-
tes and epilepsy. The choice of male volunteers was made to
homogenize the sample because the distribution of subcutaneous
fat varies between men and women, and differences in the per-
centage of fat thickness could interfere with the EMG signal (De
Luca, 1997). The study was approved by the Ethics Committee of
the Federal University of Jequitinhonha and Mucuri Valleys.
2.2. Procedures

The study design consisted of a preliminary session followed by
the experimental conditions. The preliminary session consisted of
verification of the anthropometric measurements (weight and
height) and measurements of the skinfold thickness at three sites
(chest, abdomen and thigh) to evaluate the percentage of body fat
(Jackson and Pollock, 1978). In the same session, the volunteers par-
ticipated in a familiarization procedure on the vibratory platform to
learn the exercise that would be performed during the experimental
testing.
2.3. Experimental conditions

Seven days after the preliminary session, the volunteers re-
turned to the laboratory to perform the experimental tests, which
consisted of four isometric sets without or with WBV (30 Hz,
4 mm) (Cardinale and Lim, 2003; Abercromby et al., 2007b;
Ritzmann et al., 2010) at angles of 60� or 90� of knee flexion for
a duration of 10 s (Sousa et al., 2007; Ritzmann et al., 2010; Marín
et al., 2011). There was 1 min of rest between each test (Cardinale
and Lim, 2003; Abercromby et al., 2007a; Fratini et al., 2009a,b;
Marín et al., 2011). The sessions were balanced to control for any
possible effects of fatigue or adaptation to the vibration stimulus
(Fig. 1).

The squat exercise was performed using a commercial model
vibratory platform (FitVibe, GymnaUniphy NV, Bilzen, Belgium),
which produces vertical sinusoidal vibrations in both legs while
the platform moves predominantly in the vertical direction.

For this exercise, the volunteers were positioned on the platform
with their feet 28 cm apart. The squat exercise was performed iso-
metrically at angles 60� and 90� of knee flexion for 10 s with vibra-
tory stimulation (frequency 30 Hz and 4 mm extend), performed
with the tibia perpendicular to the floor (Fig. 2). These vibration
parameters were chosen because Cardinale and Lim (2003) sug-
gested that these parameters could induce a greater reflex response
of the VL during exercise associated with WBV (Cardinale and Lim,
2003).

To perform the squat exercise without WBV, the vibratory stim-
ulus was not applied, but the individual remained on the vibratory
platform with the power off. For temporal control of each exercise,
an examiner was instructed to indicate the maintenance of each
predetermined angle. In addition, the participants were instructed
on proper body positioning (i.e., the correct positioning of the feet,
spine, arms and head) while performing the squat exercises in each
experimental situation.

During the tests, the subjects were barefoot to avoid any effect
of dampening due to different footwear (Marín et al., 2009). During



Fig. 2. Squat exercise at angles 60� and 90� of knee flexion.

Fig. 1. Study flow chart.
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and after the testing protocol, the subjects were instructed to
report any discomfort to the study’s investigators.

2.4. EMG activation

Muscle activity was measured in the VL of the dominant limb
(Cardinale and Lim, 2003; Abercromby et al., 2007b; Sousa et al.,
2007) for a duration of 10 s (Abercromby et al., 2007b) of squat
with or without WBV. This muscle was chosen because the VL
muscle produces 40–50% more muscle activity than the rectus
femoris muscle during the squat exercise (Escamilla et al., 1998),
and it produces a greater activation of the muscles of the knee
extensor group during vibration exercise (Roelants et al., 2006).

For the acquisition of the electromyographic signals from the VL
muscle, we used circular surface electrodes that were 30 mm in
diameter, Ag/AgCl (MedTrace, Sao Paulo, Brazil) with a distance
of 20 mm between the electrodes. The site of attachment for each
electrode was prepared by shaving and cleaning with rubbing alco-
hol (Hermens et al., 2000). The electrodes were secured with elas-
tic straps to prevent them from releasing during vibration and to
prevent movement of the cable (Cardinale and Lim, 2003).

The placement of the electrodes was followed the recommenda-
tions of SENIAM (Surface Electromyography for the Non-Invasive
Assessment of Muscles). The location of the electrodes for captur-
ing the activation of the VL was at a site 2/3 of the length of a line
connecting the anterior superior iliac spine to the patella, and the
reference electrode was positioned on the spinous process of C7.

The electromyographic signal was obtained with a system of
four channels (Miotool400, MIOTEC, Porto Alegre, Brazil) with a
sampling rate of 2000 Hz, a gain of 500 and a common mode
rejection >110 dB. The data from the EMG signals were stored
using Miograph software. All EMG signals were digitally filtered
using a 4th-order Butterworth band-pass filter with a cut-off of
20–450 Hz and a notch filter of 60 Hz. The movement artifacts gen-
erated by the vibration stimulus were filtered with a 4th-order
Butterworth band-stop filter with a cut-off frequency of 30 Hz
and harmonics (Fratini et al., 2009a,b).

To obtain the amplitudes of the EMG data, we discarded the first
2 s and the last 2 s of the registered signal. The average of the rec-
tified signal over 6 s was calculated (Sousa et al., 2007; Marín et al.,
2011).

The amplitude of the estimated EMG by the RMS (root mean
square) reflects the pattern of recruitment or activation of motor
units that control a particular muscle. Therefore, there is a linear
relationship between the EMG and the force generated by the mus-
cle, especially in isometric contractions (Sousa et al., 2007). Nor-
malization relative to the maximum voluntary contraction was
not performed (Abercromby et al., 2007b; Marín et al., 2009) be-
cause, according to Soderberg and Knutson (2000), in an experi-
mental procedure such this, the individual is his own control;
when comparisons are made on the same day and in the same
muscle, normalization of the signal becomes unnecessary
(Soderberg and Knutson, 2000).

Before beginning the study, the intra-examiner reliability was
calculated for the EMG activity. For this, a pilot study with 30 vol-
unteers was conducted on two separate days with 24 h between
the tests. The intra-correlation coefficient (ICC) was 0.814 (95% CI
0.1760-0958).



Fig. 3. Electromyographic activity (EMG) of the vastus lateralis muscle (RMS) at
different angles of knee flexion with and without whole-body vibration (WBV). The
data are presented as the mean and standard deviation. ⁄P 6 0.05.
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2.5. Evaluation of the transmissibility of the vibratory stimulus

To assess the transmissibility of the vibration stimulus, two
accelerometers (10 g and 3 cm in length each) (Mega, Finland)
were placed on the knee and hip of the dominant limb, according
to the following measures: knee – the distance from the lateral
malleolus to the joint line; hip – the ipsilateral distance from the
lateral malleolus to the anterior superior iliac spine. These mea-
surements were performed to minimize the influence of the size
of the lower limbs on the accelerations. The positions of the accel-
erometers were: knee – 41.12 ± 2.61 cm; hip – 93.41 ± 8.89 cm.

The accelerometers were connected to the receiver ME-6000
(Mega, Finland) and configured for the acquisition and the mea-
surement range of 2000 Hz and approximately 6 g. Evaluations of
the accelerations in the Y and Z axes correspond to the accelera-
tions in the vertical and medio-lateral plane, respectively. It is
worth mentioning that the vibratory platform used in this study
produces a vertical synchronous vibration, in which both legs are
simultaneously vibrated while the vibratory platform moves pre-
dominantly in the vertical direction (Y axis) during exposure to
the vibratory stimulus (Cochrane, 2011). Moreover, the model of
the synchronous vibration platform is more popular in clinical
practice, and thus it is used in most studies that evaluate the effec-
tiveness of WBV training (Cardinale and Lim, 2003; Roelants et al.,
2006; Avelar et al., 2011a,b, 2012; Marín et al., 2011; Hannah et al.,
2013; Simão et al., 2012).

After data collection, the data were transferred to the Megawin
software (Mega, Finland) and analyzed in Matlab 2009b (Math-
works, USA). We discarded the first and the last 2 s of data acqui-
sition and therefore analyzed the interval between 3 and 8 s of data
collection.

A spectral analysis of the data was performed to determine
the frequency of the occurrence of movement artifacts. A spec-
tral analysis of the accelerometer data was performed by divid-
ing each signal into overlapping segments, which were then
segmented using a 1024-sample Hanning window. The short-
term frequency content of each segment was computed using
a 8192-sample Fast Fourier Transform (FFT) with the sections
overlapping by 1000 samples. Inspection of the resulting spec-
trograms revealed the presence of significant motion artifacts
not only at the fundamental excitation frequency (30 Hz) but
also, to a lesser degree, at integer multiples of the excitation
frequency. With these results, it was possible to determine
the parameters for the Notch filter used to remove the influ-
ence of motion artifacts of the EMG signal (Fratini et al.,
2009a,b).

The RMS acceleration for each accelerometer was calculated to
assess the transmissibility of acceleration produced by the vibra-
tion platform.

2.6. Statistical analysis

The SPSS� (IBM�, Chicago, IL, USA) version 18.0 software pro-
gram was used for statistical analysis. The data are expressed as
the means and standard deviations. The significance level was
p 6 0.05. The mean EMGrms (measured from the vastus lateralis)
and the transmissibility of acceleration were used for the analy-
sis (the dependent variables of this study). Initially, the Kol-
mogorov–Smirnov test was used to assess the normality of the
data. A 2 � 2 two-way repeated-measures ANOVA was calculated
with Bonferroni-corrected post hoc tests for the mean EMGrms

(measured from the vastus lateralis) and the transmissibility of
acceleration, with the following factors: (1) the knee angle and
(2) squat exercise with or without WBV. To verify the size of
the difference between the conditions, the magnitude and statis-
tical power were analyzed.
3. Results

3.1. Influence of different angles of knee flexion on the EMG activity

We observed a greater EMG activation of the VL at 90� of knee
flexion compared to 60� during the squat exercise performed with-
out WBV and in combination with WBV (p < 0.001, effect size:
0.214, power: 1.00) (Fig. 3).

3.2. Influence of the addition of WBV to squatting exercises on the EMG
activity

The addition of the vibratory stimulus to the squat exercise did
not alter the EMG activation of the VL at 60� of knee flexion and at
90� of knee flexion (p < 0.704, effect size: 0.001, power: 0.067)
(Fig. 3).

3.3. Interaction

The interaction between different angles of knee flexion and
addition of WBV on EMG was not significant (p: 0.938, effect size:
0.00, power: 0.051).

3.4. Transmissibility of acceleration

3.4.1. Knee joint
We observed that the addition of WBV to squat exercises pro-

duced more vertical (Y) (p < 0.001, effect size: 0.969, power:
1.000) and medio-lateral (Z) (p < 0.001, effect size: 0.735, power:
1.000) acceleration in the lower limbs during the squat exercise
independent of the angle (Y – p: 0.435, effect size: 0.005, power:
0.122 and Z – p: 0.204, effect size: 0.014, power: 0.244) (Table 1).

3.4.2. Hip joint
We observed that the addition of WBV to squat exercises pro-

duced more vertical (Y) (p < 0.001, effect size: 0.720, power:
1.000) and medio-lateral (Z) (p < 0.001, effect size: 0.481, power:
1.000) acceleration in the lower limbs during the squat exercise
independent of the angle (Y – p: 0.687, effect size: 0.001, power:
0.069 and Z – p: 0.921, effect size: 0.000, power: 0.051) (Table 1).



Table 1
Values of acceleration (Root Mean Square, Mean+SD) at different angles of knee flexion with and without the addition of whole-body vibration (WBV) to squatting exercises.

Joint 60� 90� p

With WBV Without WBV With WBV Without WBV Angle Vibration Interaction

Hip Z 0.240 ± 0.116 0.014 ± 0.007 0.231 ± 0.200 0.020 ± 0.010 0.921 <0.001 0.130
Knee Z 1.044 ± 0.370 0.015 ± 0.007 0.904 ± 0.454 0.016 ± 0.007 0.204 <0.001 0.198
Knee vs. hip <0.001 <0.001
Hip Y 1.795 ± 0.881 0.015 ± 0.010 1.882 ± 0.749 0.015 ± 0.008 0687 <0.001 0.685
Knee Y 2.661 ± 0.362 0.013 ± 0.004 2.729 ± 0.332 0.017 ± 0.010 0.435 <0.001 0.491
Knee vs. hip <0.001 <0.001
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3.5. Interaction

The interaction between different angles of knee flexion and addition
of WBV on transmissibility of acceleration was not significant on knee
joint (Y – p: 0.491, effect size: 0.004, power: 0.105 and Z – p: 0.198, effect
size: 0.015, power: 0.250) and hip joint (Y – p: 0.685, effect size: 0.001,
power: 0.069 and Z – 0.130, effect size: 0.001, power: 0.066).

4. Discussion

The main novel finding of this study is that the addition of
whole-body vibration (WBV) to squatting exercises did not alter
the muscular activation of the vastus lateralis in the studied popu-
lation, regardless of the angle measured. Furthermore, 90� of knee
flexion resulted in an enhancement of the isometric muscular con-
traction of the vastus lateralis, compared to 60� of knee flexion,
without modification of the acceleration transmission. These re-
sults disproved our supposition that the addition of whole-body
vibration and a greater knee flexion angle (60� vs. 90�) would in-
crease muscle stiffness (activation) and consequently the transmis-
sion of acceleration to the lower limbs.

There has seemed to be a disagreement in the scientific litera-
ture regarding the presence or absence of the potentiation of mus-
cle activation during WBV, and several factors might have
influenced these divergent findings, such as the range of knee flex-
ion (Cardinale and Lim, 2003; Abercromby et al., 2007b; Marín
et al., 2011), the influence of muscle stiffness or muscle tissue
resistance on the transmission of acceleration (Fratini et al.,
2009a,b) and on the magnitude of the vibration load (frequency,
displacement and duration of WBV) (Ritzmann et al., 2013; Di
Gimiani et al., 2012; Cardinale and Lim, 2003; Fratini et al.,
2009a,b; Marín et al., 2009, 2011), WBV devices (Ritzmann et al.,
2013; Abercromby et al., 2007b) and varying recovery periods.

Abercromby et al. (2007b) found that the magnitude of the neu-
romuscular response of the VL to vibration stimulation during the
squat exercises was greater only for small ranges of knee flexion
(10–15� and 21�). At greater angles, the addition of WBV had no ef-
fect on muscle activation. The authors inferred that alpha-gamma
co-activation during voluntary muscle contractions might have
changed the relationship between muscle length and intrafusal
tension. Moreover, the vibratory tonic reflex would be affected
by the contraction of multiple muscle groups. Therefore, the varia-
tion in the neuromuscular responses during WBV could be modu-
lated by voluntary muscle activation during different phases of the
squat exercise (Abercromby et al., 2007b). Thus, at greater angles
of knee flexion, increased voluntary activation of the lower limb
muscles is necessary to counteract the flexor torque generated in
the knee joint. Consequently, there would be greater co-contrac-
tion of these muscles to maintain the adopted isometric postural
co-activation and the greater alpha-gamma co-activation, thus
reducing the responses of the tonic vibration reflex. Thus, it is pos-
sible that the motoneuronal pool of the VL during the WBV at 60�
and 90� is not further excitable by the proprioceptive afferents.

Bosco et al. (1999) verified that the RMS of the associated elec-
tromyogram (EMGrms) did not change following vibration treat-
ment, but the ratio of EMG to power decreased, showing an
enhancement of neural efficiency (Bosco et al., 1999). Bosco et al.
(2000) also demonstrated that treatment with whole-body vibra-
tion reduced the values of EMG activation of the rectus femoris
and vastus lateralis muscles compared to baseline, even with an in-
crease in muscle performance (measured by the vertical jumping
and strength muscle), thus indicating an increase in neuro-muscu-
lar efficiency.

Contrary to the findings of this study, other studies have found in-
creases in the EMG activation of the vastus lateralis muscle during
squatting exercises associated with WBV (Di Gimiani et al., 2012;
Ritzmann et al., 2013; Cardinale and Lim, 2003; Roelants et al.,
2006). These authors have proposed that the increase in EMG activ-
ity obtained with WBV is related to an increase in the recruitment of
previously inactive motor units and an increase in the synchroniza-
tion between motor units active during exercise (Roelants et al.,
2006). However, it is worth noting that the hypothesis of the influ-
ence of the duration of pre-muscle activation on electromyographic
activity is based on studies that have used vibratory stimulation in
isolated muscles. Therefore, we believe that the co-activation of ago-
nist and antagonist muscles during WBV associated with isometric
squatting could mask any further increases in the electromyo-
graphic activity of agonist muscles due to the balance between excit-
atory and (Ia afferent) and inhibitory (activation Golgi tendon
organs, skin mechanoreceptors and receivers) inputs (Di Gimiani
et al. 2012). Wakeling et al. (2002) demonstrated that increased
muscle activity during WBV occurs when the stimulation frequency
promoted by the vibrating platform is close to that of the natural
vibration of muscle tissue. Whereas the natural frequencies of the
vibration of the knee extensor muscles are close to the values of
14–15 Hz, a frequency of 30 Hz of stimulation did not produce an in-
crease in the muscle activation of the vastus lateralis, which was
once a distant frequency value for natural vibration. The increase
in muscular activity results from an increase in the dampening capa-
bility of the vibration waves to the tissues.

The present study showed an increase in the activation of the VL
muscle at 90� of knee flexion, compared to 60�. This increased EMG
response during squatting exercises is most likely related to the in-
crease in the flexor torque of the knee joint because the line of
gravity moves posterior to the axis of the knee (Wilk et al.,
1996). Thus, an increase in the contractions of the extensor mus-
cles is necessary to overcome the flexor torque during squatting
exercises (Sousa et al., 2007), possibly as a strategy for postural
control (Abercromby et al., 2007b). Cardinale and Lim (2003) sug-
gested that the EMG activation at each angle of knee flexion might
allow for the individualization of muscle training protocols. Thus,
these results could be useful in the prescription of an appropriate
methodology for programs of structured training in the fields of
rehabilitation and sports training.

Although, in the present study, the extent of neuromuscular
activation of the VL was influenced by the angle of knee flexion
during isometric squatting, Roelants et al. (2006) found no differ-
ences in muscle activation between squat exercises performed at
90� and 125� of knee flexion, suggesting the need for additional
studies, as other parameters could be involved in the
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electromyographic response (Roelants et al., 2006). However, in
the aforementioned study, the authors did not present the position
of the tibia, and the control of this variable is extremely important
because it interferes with the activation of the quadriceps muscle.

The hypothesis of the EMG responses and of the transmission of
acceleration to the lower limbs as a function of body position is
supported by the theoretical model of Cardinale and Bosco
(2003), which postulated that the interaction between the
mechanical properties of the muscle–tendon unit and the tonic
vibration reflex (TVR) regulates muscle stiffness to dampen vibra-
tory waves. Thus, the presence of the potentiation of muscle acti-
vation could improve muscle stiffness and consequently the
transmission of acceleration to the lower limbs. Furthermore, this
supposition was supported by Fratini et al. (2009a,b), who demon-
strated a positive correlation between muscle activity and the
acceleration transmitted during vibratory stimulation, indicating
that the transmissibility of acceleration to the lower limbs can con-
tribute to determining the conditions that maximize neuromuscu-
lar responses and can avoid the problems of chronic exposure that
have been highlighted in occupational medicine.

The results of the present study disproved the aforementioned
hypothesis because 90� of knee flexion resulted in an enhancement
of the isometric muscular contraction of the vastus lateralis com-
pared to 60� of knee flexion, without modification of the accelera-
tion transmission.

Despite the relevance of this study, it had some limitations with re-
gard to the selected sample and the experimental protocol adopted.
Regarding the sample, the subjects having been healthy and the ab-
sence of an objective assessment of the strength of the subjects indi-
cate that caution should be taken regarding the generalization of
these results. With regard to the experimental protocol, the tests were
conducted in a static position during a single session and evaluation.
Therefore, the results might have been different if a dynamic protocol
was applied or after a training protocol with WBV. Furthermore, it
should be noted that different types of vibration can produce different
muscle activation responses (Abercromby et al., 2007b; Ritzmann
et al., 2013), and the results should be interpreted considering the
use of synchronous, vertical, and sinusoidal vibration.
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