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Abstract: Metabolic syndrome (MetS) is related to overweight and obesity, and contributes to clinical
limitations. Exercise is used for the management of MetS individuals, who are often not motivated
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to perform this practice. Whole body vibration exercise (WBVE) produces several biological effects,
besides being safe, effective, and feasible for MetS individuals. This pseudo-randomized and cross-over
controlled trial study aimed to analyze the effects of WBVE on MetS individuals’ neuromuscular
activation using the surface electromyography (sEMG) pattern (root mean square (RMS)) of the
vastus lateralis (VL) muscle and on the range of motion (ROM) of the knees. Participants (n = 39)
were allocated to two groups: the treatment group (TG), which was exposed to WBVE, and the
control group (CG). WBVE interventions were performed twice a week, for a period of 5 weeks.
ROM and sEMG were analyzed at baseline, after the first session, and before and after the last session.
sEMG (%RMS) significantly increased in the acute effect of the last session of WBVE (108.00 ± 5.07,
p < 0.008, right leg; 106.20 ± 3.53, p < 0.02, left leg) compared to the CG. ROM did not significantly
change in TG or CG. In conclusion, 5 weeks of WBVE exerted neuromuscular effects capable of
increasing VL muscle RMS in individuals with MetS, this effect being potentially useful in the physical
rehabilitation of these individuals.

Keywords: metabolic syndrome; whole body vibration exercise; range of motion of the knees; surface
electromyographic pattern; neuromuscular activation; biomechanics

1. Introduction

In the modern world, unhealthy lifestyles, including physical inactivity and bad dietary habits,
contribute to the development and spread of diseases associated with metabolic commitment, such as
metabolic syndrome (MetS). MetS is defined as a clustering of metabolic abnormalities, such as central
obesity (increased waist circumference), dyslipidemia, hyperglycemia, and hypertension, according to
the guidelines of the International Diabetes Federation (IDF) [1,2].

Yang et al. pointed out that overweight and obesity are emerging major health issues, which are
closely related MetS [3]. Body mass excess can promote adipose tissue stored in the abdominal cavity
and intramuscular adipose tissue (IMAT) [4,5]. It is known that these conditions directly affect the
biomechanics of movements [6–8], leading to decreased mobility, strength, and ability to perform
common activities of daily living [6,9,10]. In obese individuals, lower extremity overuse injury is
caused by multiple mechanisms, including increased load bearing with ambulation, altered gait
biomechanics due to abnormal body mass distribution, a systemic pro inflammatory state [7,11–13].
The affected joint kinetics may increase the risk of musculoskeletal injury, with the development of
osteoarthritis, especially in the knees [7,14], and the impairment of the range of motion (ROM) [7,15].
Reduced ROM can imply the limitation of the knee flexion [15], which is required to perform activities
of daily living [16]. ROM is a parameter of physical evaluation, since it can allow the identification
of joint and muscle limitations. Moreover, it is used for the evaluation of individuals during the
rehabilitation process [17].

In obese individuals, the lower limb muscles (flexors and extensors) are frequently committed [9,10].
In consequence, decrease of muscle strength and power, and premature fatigue [6] are observed,
leading to impaired motor performance [18]. As these individuals are not motivated to practice regular
exercise, methods to increase adherence including exercises that minimize the impact on the joints are
necessary [19]. Among the different kinds of exercises, whole body vibration exercise (WBVE) may be
an option for the management of obese individuals [20,21].

WBVE involves exposing individuals to mechanical vibrations that are produced in a vibrating
platform (VP). These vibrations are transmitted to the body of the individual that is in contact with the
base of the VP. Some parameters must be adjusted (frequency, peak-to-peak displacement, and peak
acceleration) considering the clinical condition of the individual [22]. Similarly, if the person is sitting
on an auxiliary conventional chair [23] or wheelchair [24] with the feet on the base of VP, the individual
will also experience WBVE.
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Authors evaluated the effects of WBVE on MetS individuals, and important responses were
observed, such as improvement of quality of life and flexibility [25,26]. Moreover, WBVE is safe and
effective to treat muscle complications in populations with different disorders [27–31] as well as healthy
individuals [32,33].

Surface electromyography (sEMG) is an adequate tool to evaluate neuromuscular effects of
WBVE [27,34–36]. An increased sEMG activity after WBVE indicates that more motor units are
recruited [34].

It is well described that WBVE can improve joint mobility [29,37,38]. Moreover, Wang et al. found
that WBVE in combination with quadriceps resistance exercise compared with quadriceps resistance
exercise alone showed significantly greater improvement in knee flexion and extension in individuals
with knee osteoarthritis [39].

The aim of this study was to analyze the effects of WBVE on neuromuscular activation through
the electromyographic pattern of the vastus lateralis muscle and on range of motion of the knees in
MetS individuals. The study hypothesis was that WBVE would increase neuromuscular activation and
range of motion of the knees of MetS individuals.

2. Materials and Methods

This was a quasi-randomized cross-over controlled trial, where 39 individuals with MetS were
selected to evaluate the effect of WBVE on neuromuscular activation and range of motion of the
knees. Individuals were allocated, as they arrived, to the control (CG) or treatment group (TG).
The study protocol was approved by the Research Ethics Committee of the Hospital Universitário
Pedro Ernesto (HUPE), Universidade do Estado do Rio de Janeiro (UERJ), with the number CAAE
54981315.6.0000.5259, and was registered in the Registro Brasileiro de Ensaios clínicos (ReBEC) (RBR
2bghmh).

Recruitment took place from April 2014 to January 2016 following screening of MetS individuals
by the medical staff at HUPE-UERJ, Brazil. The WBVE protocol was performed in the Laboratório
de Vibrações Mecânicas e Práticas Integrativas (LAVIMPI), UERJ. Participants signed a consent form
before any procedures, and the principles embodied in the Declaration of Helsinki were followed.

2.1. Sample Size

The sample size was determined based on a study by Sá-Caputo et al. [26], involving individuals
with MetS exposed to WBVE, using an online calculator of the Laboratório de Epidemiologia e Estatística
(LEE), Faculdade de Medicina, USP, São Paulo, Brazil [40]. For a statistical power of 95%, a sample size
of 13 individuals was calculated [26,40]

2.2. Inclusion and Exclusion Criteria

For this study, the inclusion criteria were age over 40 years (male and female gender) and
a diagnosis of MetS. All participants were selected by a clinical physician, who diagnosed MetS
according to the International Diabetes Federation criteria [1].

The exclusion criteria comprised very high blood pressure (≥180/110 mmHg), cardiovascular
disease (coronary artery disease or stroke), neurological, musculoskeletal, or rheumatologic disease
that do not permit to be on the VP, refusal to sign the consent form for participation in the study,
and fear of being on the VP due to its movements.

2.3. Interventions

Eligible participants (n = 39) were allocated to one of two groups: TG and CG. In the TG,
the individuals performing the protocol with the VP turned on, while in the CG, the VP was turned
off. After a 2-month washout (i.e., the period of time between the two interventions), the participants
were crossed-over to the other group [41]. All procedures were performed by health professionals
previously trained by experienced trainers to perform this protocol. Intra-rater reliability was not
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performed. The VP (Novaplate Fitness Evolution, DAF Produtos Hospitalares Ltda., São Paulo, Brazil)
was a side alternating platform, in which the right site is displaced down while the left side is displaced
up, and vice versa [26,42].

In the first session of the TG, all the individuals were seated on a chair placed in front of the
platform with a 130◦ knee flexion. Their feet, shoeless, were placed on the base of the platform,
alternately in three positions (peak to peak displacements of 2.5, 5.0, and 7.5 mm) and with a frequency
of 5 Hz. The working time in each position was 1 minute followed by 1 minute of rest. This sequence
was performed three times. This procedure is shown in Figure 1.
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Figure 1. Individual performing whole-body vibration exercise seated on a chair placed in front of the
vibrating platform.

From the second to the last session (10th session), the individuals were subjected to exactly the
same protocol of the first session; however, they were standing on the base of the VP in a squat position
(130◦ knee flexion), and the frequency was progressively increased by 1 unit per session up to 14 Hz in
the last session. The WBVE session was performed twice per week during 5 weeks. This procedure is
shown in Figure 2.
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2.4. Outcome Measures

2.4.1. Anthropometric Evaluation

Anthropometric data (body mass, height) of the participants were assessed by a single operator
using a balance with a stadiometer (Micheletti MIC 200PPA, São Paulo, Brazil). The waist circumference
(WC) was measured with a tape in the horizontal plane, midway between the inferior margin of the ribs
and the superior border of the iliac crest, in agreement with the IDF recommendations [1]. The body
mass index (BMI) was calculated dividing body mass in kilograms by squared height in meters [43].

2.4.2. Evaluation of Knee Range of the Motion

A standard digital goniometer (EMG 830RF, EMGSystem®, São Paulo, Brazil) was used to measure
the active ROM [44–46] of the knees during flexion from extension. The goniometer was properly fixed
on the skin with tape on the lateral side of the knee joint, alternately right and left, to measure the
flexion angle. Knee angles related to ROM were recorded on a computer. These procedures are shown
in Figure 3.
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Figure 3. Position of the goniometer on the lower limb for measurement of knee range of motion (ROM).

ROM was determined before and after the first session (acute effect of the first session). The same
procedure was performed in the last session (acute effect of the last session). In addition, comparisons
were made before the first session and before the last session (cumulative effect) [47]. The percentage of
the alteration of ROM (%AROM) in each condition was calculated dividing the ROM after the session
by the ROM before the intervention (acute effect of the first and of the last session) multiplied by 100.
The %ROM to the cumulative effect in each condition was calculated by dividing the value of ROM
before the last session by the ROM before the first session multiplied by 100.

2.5. Surface Electromyography (sEMG) Instrumentation and Measurement

The neuromuscular activity of the vastus lateralis (VL) muscle was evaluated following the
recommendations of the Surface ElectroMyoGraphy for the Non-Invasive Assessment of Muscles
(SENIAM) regarding skin preparation and fixation of the electrodes in the specified positions related to
the VL muscle [48], and the reference electrode was positioned on the spinous process of C7. The sEMG
signal was collected in microvolts (µV) in a computer and was analyzed using the root mean square
(RMS) (EMG832WF, EMGSystem®, São Paulo, Brazil). In the sEMG assessment, the individuals were
asked to sit on a chair with the back straight, feet approximately shoulder-width apart and placed on
the floor, and the arms crossed over the chest. Then, they were instructed to perform five repetitions of
sitting and standing [49].
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The RMS amplitude signal was recorded before and after the first session (acute effect of the first
session), and before and after the last session (acute effect of the last session). The %RMS in each
condition was calculated dividing the RMS after the session by the RMS before the session (acute effect
of the first and of the last session) multiplied by 100. The %RMS to the cumulative effect was calculated
in each condition by dividing the value of the RMS before the last session by the RMS before the first
session multiplied by 100.

2.6. Statistical Analysis

Statistical analyses were performed using GraphPad Prism 6. The normality of the data was
evaluated with the Shapiro-Wilk test. For the comparison of paired nonparametric values, the Wilcoxon
Signed-Rank test was used. For the comparison of the two groups (TG and CG), the Mann Whitney test
was used. The comparison of the cumulative effect of ROM between the groups was performed using
the difference (∆) between the value before the first session and that after the last session. The difference
was considered significant when p ≤ 0.05. The descriptive statistics used were mean and standard
error, since the focus of the work was the effect of the intervention.

3. Results

The anthropometric data of the participants are reported in Table 1. There were no significant
differences between the two groups (p > 0.05). According to IDF [2], participants with increase in WC
values have more probability to develop MetS.

Table 1. Anthropometrics data of the individuals of the study.

Anthropometrics CG (n = 17) Mean ± SE TG (n = 22) Mean ± SE P

Height (cm) 1.62 ± 0.01 1.63 ± 0.01 0.58
Body mass (kg) 88.8 ± 4.08 83.1 ± 3.65 0.46

BMI (kg/m2) 33.5 ± 1.56 31.3 ± 1.12 0.25
Age (years) 58.1 ± 2.07 60.7 ± 1.91 0.40

WC (cm) 108 ± 3.58 103 ± 2.57 0.11

CG: control Group; TG: treatment group; SE: standard error; BMI: body mass index; WC: waist circumference.

The acute effects of WBVE on the ROM of the right and left knees in the first session are shown in
Table 2. No significant changes in ROM were observed in either of the groups (CG and TG) or in the
comparison between them. Although no significant differences (p > 0.05) were detected, the %AROM
of the right knee of the participants in the CG decreased slightly (85.65%), while that of the left knee
increased slightly (107.21%). The %AROM of the right and left knees of the participants in the TG
decreased slightly (98.09% and 98.10%, respectively).

Table 2. Acute effects on range of the motion of right and left knees in the first session.

Knee
CG TG CG × TG

Before
Mean ± SE
(Degrees)

After
Mean ± SE
(Degrees)

P
Before

Mean ± SE
(Degrees)

After
Mean ± SE
(Degrees)

P P

Right knee 94.13 ± 6.89 80.63 ± 9.50 0.29 99.47 ± 7.12 97.58 ± 6.86 0.62 0.59
Left knee 94.11 ± 6.91 100.90 ± 2.74 0.25 99.37 ± 7.16 97.49 ± 6.88 0.62 0.90

CG: control group; TG: treatment group; SE: standard error.

Table 3 shows the acute effects of WBVE on the ROM of the right and left knees in the last session.
No significant changes were observed in either of groups (CG and TG) or in the comparison between
CG and TG. Although no significant differences (p > 0.05) were detected, the %AROM of the right knee
and of the left knee of the participants in the CG increased slightly (102.17% and 103.96%, respectively).
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The %AROM of the right knee of the participants of the TG decreased slightly (98.67%), and that of left
knee increased (102.04%).

Table 3. Acute effects on range of the motion of right and left knees in the last session.

Knee
CG TG CG × TG

Before
Mean ± SE

(Degree)

After
Mean ± SE

(Degree)
P

Before
Mean ± SE

(Degree)

After
Mean ± SE

(Degree)
P P

Right knee 101.20 ± 3.30 103.40 ± 3.49 0.49 105.50 ± 3.40 104.10 ± 3.55 0.15 0.10
Left knee 100.90 ± 2.53 104.90 ± 3.76 0.12 102.90 ± 3.22 105.00 ± 2.72 0.10 0.43

CG: control group; TG: treatment group; SE: standard error.

The cumulative effects of WBVE on the ROM of both knees (i.e., value of ROM before the first
session vs. the value before the last session) is reported in Table 4. Although no significant differences
were detected in the TG or CG, an improvement of 7.5 and 13.51 degrees in ROM was observed in the
TG on the left and right knee, respectively. Moreover, the %AROM of the right knee of the participants
in the CG decreased slightly (98.53%), and that of the left knee increased (105.79%). The %AROM of
the right and left knees of the participants in the TG increased importantly (114.29% and 107.44%,
respectively).

Table 4. Cumulative effects on range of the motion of right and left knees before the first session vs.
before the last session.

Knee
CG TG CG × TG

Before
Mean ± SE

(Degree)

After
Mean ± SE

(Degree)
P

Before
Mean ± SE

(Degree)

After
Mean ± SE

(Degree)
P P

Right knee 102.70 ± 3.01 101.20 ± 3.30 0.62 94.49 ± 4.43 108.00 ± 3.39 0.09 0.07
Left knee 95.37 ± 4.28 100.90 ± 2.53 0.64 100.80 ± 2.64 108.30 ± 2.59 0.07 0.27

CG: control group; TG: treatment group; SE: standard error.

Using sEMG, Table 5 shows the response of the vastus lateralis muscle of both legs to the acute
effect of WBVE in the first session, in %RMS. No significant effects were found (left or right legs) in TG
or CG.

Table 5. Acute effects on electromyography (%RMS) of vastus lateralis muscles (right and left) in the
first session.

Muscle
CG TG

P
Mean ± SE %RMS Mean ± SE %RMS

VL right 93.59 ± 5.50 102.10 ± 3.58 0.28
VL left 98.65 ± 3.21 94.91 ± 3.66 0.99

CG: control group; TG: treatment group; SE: standard error; %RMS: percentage of the root mean square; VL: vastus
lateralis muscle.

The acute effects of WBVE on sEMG of the vastus lateralis muscles in the last session are shown in
Table 6. Significant increases (p < 0.05) were observed on the %RMS of vastus lateralis muscles on both
legs of the TG relative to the CG.
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Table 6. Acute effects on electromyography (%RMS) of vastus lateralis muscles (right and left) in the
last session.

Muscle
CG TG

P
Mean ± SE % RMS Mean ± SE % RMS

VL right 95.22 ± 3.18 108.00 ± 5.07 0.008 *
VL left 96.57 ± 3.69 106.20 ± 3.53 0.02 *

CG: control group; TG: treatment group; SE: standard error; %RMS: percentage of the root mean square; VL: vastus
lateralis muscle; p ≤ 0.05 *.

The cumulative effects on sEMG (i.e., %RMS of the vastus lateralis muscle of right and left legs
measured before the first session and before the last session) are shown in Table 7. The vastus lateralis
muscle activity was not altered in either leg for either of the groups.

Table 7. Cumulative effects on electromyography (%RMS) of vastus lateralis muscle (right and left).

Muscle
CG TG

P
Mean ± SE % RMS Mean ± SE % RMS

VL right 99.38 ± 5.76 105.70 ± 5.40 0.63
VL left 97.10 ± 4.03 110.60 ± 7.87 0.26

CG: control group; TG: treatment group; SE: standard error; %RMS: percentage of the root mean square; VL: vastus
lateralis muscle.

4. Discussion

All the individuals recruited in the current study presented an increased waist circumference
(Table 1); according to the IDF, this is the first criteria followed by a set of two or more metabolic
abnormalities to characterize MetS [1].

There is an association between the negative effect of body adiposity and muscle function,
with more severe impairment in metabolic disease with IMAT accumulation impacting physical
performance [5]. Insulin resistance and type 2 diabetes mellitus are highly prevalent in individuals with
MetS [1], and are associated with an infiltration of adipose tissue in skeletal muscles [50]. These features
lead to a reduction in the power output and strength per unit of muscle mass. Hilton et al. [51] showed
that marked IMAT was inversely correlated with muscle power, strength, and physical performance
scores. Lafortuna et al. also reported a negative effect of metabolic abnormalities related to impaired
glucose homeostasis on motor performance [52]. IMAT is now recognized as an important predictor of
muscle metabolism and function, and also appears to be a modifiable muscle risk factor. Exercise and
physical activity appear to be effective countermeasures against increases in IMAT [4]. In addition,
exercise is also reported to be an important intervention to improve the physical condition of MetS
individuals [26]. Moreover, a simple and useful kind of exercise generated in individuals exposed to
mechanical vibration, WBVE, could prove useful for these individuals.

4.1. Effect of Whole Body Vibration Exercise (WBVE) on Range of Motion (ROM)

In our study, there was no improvement in knee ROM in individuals with MetS exposed to WBVE.
No increase in ROM was observed in a single session or even in a 5-weeks treatment. Our results are in
agreement with the findings of Neto et al. (2017), who did not find an increase in ROM in knee flexion
in individuals with knee osteoarthritis (KOA) [47]. Wang et al., comparing quadriceps resistance
exercise alone and associated with WBVE, observed a significantly greater improvement in active knee
flexion and extension at 2 and 4 weeks after quadriceps resistance exercise combined with WBVE in
individuals with KOA [53]. Authors have reported that higher body fat is also associated with poor
physical performance and subsequent disability than is muscle mass reduction [4,54]. This could justify
the results of the current study. In addition, obesity can modify the movements and force response of
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these individuals. Del Porto et al. reported that some adaptations of shifts in the body’s total ROM
are difficult to adjust without compromising normal patterns of movement in obese individuals [55].
Putting together these considerations, it is possible to justify no improvements in the ROM of the
knees in the population evaluated in our work. By contrast, Yang et al., in a longitudinal study of
8 weeks with WBVE in individuals with multiple sclerosis, observed a significant increase in the active
ROM assessed at the ankle joint bilaterally, in plantar flexion (p = 0.002) and dorsiflexion (p = 0.003).
Yang et al. concluded that WBVE increased the flexibility of the ankle joint, reduced the fear of falling,
and strengthened the bones [38]. Although Krause et al. observed no changes in the ankle joint
excursion immediately after a 1-min bout of WBVE, they found an increase in the knee joint active
angular excursion during flexion and extension (p < 0.01) in individuals with cerebral palsy [29].
In another study performed in children with cerebral palsy, a significant increase in ROM was detected
immediately after treatment with WBVE [44]. These conflicting results about the effect of WBVE on the
ROM of joints could be associated with the variability of the protocols and the populations evaluated.

4.2. Effect of WBVE on sEMG

In the present study, significant changes in the electromyographic signal of the VL muscle on both
legs were observed in the acute effect of the last session of the 5-week WBVE intervention (Table 6).
This is in agreement with other authors that have shown improvement in muscle activity due to
WBVE intervention in different muscles in individuals with various diseases [27], such as acute and
chronic stroke [30,56], spinal cord injury [24], Friedreich’s ataxia [57], and cerebral palsy [29]. Liao et al.
detected changes in muscle activity even in individuals with paresis [30]. Furthermore, increased
muscular activity was also observed in healthy individuals [34,58]. Borges et al. found that WBVE
increased the sEMG amplitude of the VL muscle during an isometric semi-squat exercise in active
woman [34]. A systematic review has analyzed the effects of WBVE in lower limbs’ neuromuscular
activity, suggesting that there was a greater recruitment of motor units after WBVE [27].

In the current study, no effects were observed in %RMS in the acute effect of the first session or in
the cumulative effect (Tables 5 and 7). Considering the acute effect, Annino et al. (2017) also reported
no alteration in the sEMG of the VL muscle when healthy individuals were exposed to 10 minutes of
WBV at 35 Hz [59]. Borges et al. (2016) evaluated the immediate effects of WBV in healthy individuals
with frequencies of 30 and 50 Hz, and no significant differences in the value of RMS were found [60].
Considering the cumulative effect (Table 7), the present study found no significant changes in the
electromyographic signal of the VL muscle in either leg. Rubio-Arias et al. (2018) also observed no
statistically significant differences in body composition or muscle architecture variables, nor changes
in muscle activity during the take-off phase of the vastus lateralis pre- versus post-training in a 6-week
WBVE treatment with a frequency between 30 and 45 Hz in healthy individuals [61].

Some limitations of this study should be pointed out, such as the relatively small number of
participants; however, the statistical power was 95 %. Moreover, although we evaluated both lower
limbs, we did not register which lower limb was the dominant one. Nevertheless, a strength of this
work is the improvement in neuromuscular activity; this finding may have positive clinical implications
by improving daily activities in individuals with MetS.

In conclusion, WBVE can be a modality of exercise to increase the neuromuscular activity of the
VL muscle using a 5-week protocol. An increase in ROM of the knees in individuals with MetS was not
observed with the same protocol. WBVE appears to be an adequate strategy to improve neuromuscular
activity in individuals with MetS, overweight, and obesity, being a potential opportunity for the
management of physical impairment in these individuals. Nevertheless, further additional studies
with larger samples and more prolonged periods of WBVE exposure are needed to confirm our
preliminary findings.
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