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Whole body vibration training (WBVT) has been used as a supplement 
to conventional exercise training such as resistance exercise training 
to improve skeletal muscle strength, specifically, in rehabilitation field. 
Recently, this exercise modality has been utilized by cardiovascular 
studies to examine whether WBVT can be a useful exercise modality to 
improve cardiovascular health. These studies reported that WBVT has 
not only beneficial effects on muscular strength but also cardiovascular 
health in elderly and disease population. However, its mechanism un-

derlying the beneficial effects of WBVT in cardiovascular health has 
not been well documented. Therefore, this review highlighted the im-
pacts of WBVT on cardiovascular health, and its mechanisms in con-
junction with the improved muscular strength and body composition in 
various populations.  
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INTRODUCTION

The impact of impaired vascular function on cardiovascular dis-
ease (CVD) has been studied for several decades. In this regard, 
major factors for the development and progression of CVD are as-
sociated with attenuated arterial function including structural and 
functional changes in the arterial wall such as endothelial dysfunc-
tion, and arterial stiffness. In addition, many studies have reported 
that reduced muscular strength and reduced muscle mass with 
vascular aging and CVD (Figueroa et al., 2011a; Iemitsu et al., 
2008; Otsuki et al., 2008). Exercise training has been known as 
nonpharmacological therapeutic modality to restore the impaired 
cardiovascular function. 

Recently, whole body vibration (WBV), a novel training mo-
dality, has emerged as a useful exercise method for improving 
overall health (Fig. 1). In fact, previous studies have reported that 
WBV training (WBVT) alone improves body composition, mus-

cular strength, and cardiovascular health concurrently. Also, 
WBVT is suitable for special populations such as the elderly and 
diseased populations who cannot perform traditional resistance or 
aerobic exercise training. 

Accordingly, this review will highlight the impacts of WBVT 
on body composition such as muscle mass, fat mass, and skeletal 
muscle strength, and specifically, cardiovascular health. Further-
more, the mechanism underlying WBVT and the improvement 
in body composition and cardiovascular health will be also dis-
cussed.  

WHOLE BODY VIBRATION

Conventional resistance exercise training uses additional mass 
to increase exercise intensities. However, the principles of WBV 
lie in the law of motion as stated by Sir Isaac Newton; mainly, 
that the force (F) of an object is equal to the mass (M) multiplied 
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by its acceleration (A) (F=M×A). Thus, functional force can be 
improved by either applying more mass or more acceleration to a 
body. WBV machines on the contrary, utilize acceleration by 
keeping the body weight constant (Cardinale and Bosco, 2003). 
This exercise mode uses an oscillating platform that delivers sinu-
soidal vibrations (Cochrane et al., 2008) that evoke reflexive mus-
cle contractions (Bazrgari et al., 2008) while the person performs 
steadily controlled dynamic or static exercises. The mechanical ac-
tion of vibration causes changes in the length of the muscle-ten-
don complex (Cardinale and Bosco, 2003) which in turn are de-
tected by sensory receptors that modulate muscle contraction 
through reflex muscular activity via the stretch reflex loop and ac-
tivation of the muscle spindles (Cardinale and Bosco, 2003). 
These contractions explain the increased levels muscle activity as 
reveled by electromyography in working muscles during WBV 
exercise (Cardinale and Lim, 2003; Hazell et al., 2008), and the 
increased energy output that is shown to result from the addition 
of vibration to squat exercises (Da Silva et al., 2007). The effect of 
vibration is dependent upon the amplitude and frequency of oscil-
lations, and therefore the rate and length of muscular stretch. The 
amplitude is determined by the peak to peak displacement of the 
platform, with the repetition rate of cycles of oscillations denoted 
by the frequency of the vibration (measured in Hz) (Cardinale and 
Bosco, 2003). The vibration effects on leg muscle activity and 
have been shown to vary with different frequencies of vibration. 
Greater vibration frequencies (35–45 Hz) have been shown to in-

crease greater muscle activity than lower frequencies (<35 Hz) for 
both static and dynamic exercises (Hazell et al., 2007).

There are different types of vibration platforms commonly used 
in clinical studies including oscillating side to side action of the 
platforms, uniformly up and down action and triplane in which 
the vibration is applied in anterior/posterior, side to side, and up 
and down directions 

WBVT AND MUSCLE MASS

Research on the effects WBVT on body composition is more 
extensive than in the cardiovascular system. Several studies have 
shown increases in muscle mass in the young (Figueroa et al., 
2012; Milanese et al., 2012; Roelants et al., 2004) as well as in 
clinical populations (Bogaerts et al., 2007; Machado et al., 2010). 
Following 24 weeks of WBVT, which utilized static and dynamic 
leg and arm exercises 3×  week, Roelants et al. (2004) showed in-
creases in total muscle mass in a group of 13 young females. A re-
cent project by our group in young overweight/obese women 
(Figueroa, et al., 2014a) demonstrated that six weeks of WBVT 
using four leg exercises resulted in improvements in leg lean 
mass, assessed by dual-energy X-ray absorptiometry (DXA), in 
comparison to baseline. Although the changes in the WBV group 
over time were not significantly different compared to the control 
group, these changes are clinically relevant since the increase in 
leg muscle mass of ~0.4 kg (0.9 lb) seems to be important consid-

Whole body vibration training

Tonic vibration reflex -

Muscle contraction -

Hypertrophy -

Body composition:
Lean muscle mass -

Fat mass .

Pulsatile shear stress -

Endothelial function -

No production -

Vasodilation -

Proprioceptive feedback loop -

Force production -

Fat mass .

Muscular strength -

Hormone secretion:
Testosterone -

ILGF-1 -
Cortisol .

Fig. 1. Schematic diagram of the proposed mechanisms underlying the improved body composition and vascular function with whole body vibration training. ILGF-1, 
insulin-like growth factor 1. 
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ering the short amount of time of the intervention. In a study by 
Milanese et al. (2012), WBVT completed over an 8–week inter-
vention period resulted in increased total body lean mass in young 
nonobese women. In another 10–week study, Machado et al. 
(2010) found a significant increase in thigh muscles cross section-
al area in healthy elderly women. The increased in cross sectional 
area (assessed by computed tomography) was a result of increases 
in the vastus medialis and bicep femoris by 8.7% and 15.5%, re-
spectively. Based on the previous results, we conducted a study of 
12 weeks of WBVT in postmenopausal 23 women with a similar 
protocol as the one used by Machado et al. (2010). Although we 
saw no significant changes in leg lean mass (assessed by DXA), 
there was a trend for it to increase after increase after WBVT 
(~0.3 kg, P=0.06). The impact of WBVT on muscle mass over a 
period longer than 6 months has only been studied once. In this 
study by Bogaerts et al. (2007), elderly men trained 3 times week-
ly over a period of one year. These individuals were split into one 
of two groups that performed a WBVT or a fitness training (aero-
bic, resistance, balance, and flexibility exercises) routine. At the 
end of this investigation, leg muscle mass was significantly in-
creased 3.4% in the WBVT group, but not different in the fitness 
(3.8%) groups. It was therefore concluded that WBVT is as effi-
cient as a fitness intervention in increasing muscle mass in elderly 
men. 

WBVT AND FAT MASS 

Previous animal research in rats suggests that chronic exposure 
to WBV decreases adipogenesis (Maddalozzo et al., 2008; Rubin 
et al., 2007). Vissers et al. (2010) found that WBVT would have a 
greater potential to reduce visceral adipose tissue than a program 
consisting of combined aerobic and resistance training (RT) in 
middle-aged obese adults. It has been previously reported that a 
combination of RT and WBVT, but not RT alone, was effective 
for decreasing total body fat percentage after 8 months of training 
in postmenopausal women (Fjeldstad et al., 2009) and after eight 
weeks of training in young adults (Artero et al., 2012). Alterna-
tively, Verschueren et al. (2004) suggested that 6 months of RT 
and WBVT produce similar decreases (-3.1% and -2.3%) in fat 
mass measured by DXA in older women. Furthermore, Lamont et 
al. (2011) reported decreases in leg fat% after six weeks of com-
bined RT and WBVT using squat exercises, an effect that was not 
achieved by RT alone. In a recent study by Milanese et al. (2012), 
it was found that eight weeks of WBVT decreased leg and total 
body fat mass in young nonobese women. However, a recent study 

by our group showed no changes in total fat mass in overweight/
obese premenopausal women after six of WBVT (Figueroa et al., 
2012). In another study by our group, 12 weeks of WBVT did 
not change total body fat percentage in obese postmenopausal 
women (Figueroa et al., 2014b). Although our results failed to 
show decreases in total fat mass and percentage, we did not mea-
sure leg fat mass or percentage, which has been previously shown 
to improve after eight weeks of WBVT (Milanese et al., 2012) or 
WBVT combined with RT (Artero et al., 2012) in young adults. 
Nevertheless, based on these previous results, it is feasible to pro-
pose that decreases in leg fat mass and fat percentage after WBVT 
are attainable. 

WBVT AND STRENGTH 

Recent evidence suggests that WBV exercise could be an alter-
native exercise modality for eliciting muscle strength in older 
adults (Bogaerts et al., 2007; Kawanabe et al., 2007; Machado et 
al., 2010; Tapp and Signorile, 2014). Findings of improved 
strength have also been shown following WBVT in younger indi-
viduals (Figueroa et al., 2010; Figueroa et al., 2012; Roelants et 
al., 2004). The addition of vibration to exercise programs has been 
shown to increase strength and power more than exercise pro-
grams without vibration (Kawanabe et al., 2007; Rønnestad, 
2004). Moreover, recent studies have shown that WBVT using a 
frequency of 25–40 Hz and an amplitude of 1–2 mm for 6 
months can increase muscle strength at a similar extent than a RT 
program in postmenopausal women (Schwedhelm et al., 2008; 
Verschueren et al., 2004). In a recent study that investigated the 
effects of 1-year WBVT in elderly men, this modality proved to 
be as effective as a fitness program (combination of aerobic, resis-
tance, and flexibility exercises) for increasing knee extension 
strength (Bogaerts et al., 2007). According to Roelants et al. 
(2004) a significant 24.4% net benefit increase in isometric knee 
extensor strength was observed after 6 months of WBVT in 
young untrained females. The results of this previous study in 
young women were corroborated by another study by our group, 
which showed improvements in leg extension strength after a 6–

week WBVT program in young overweight and obese women 
(Figueroa et al., 2012). Additionally, increases in isometric (15%) 
and dynamic strength (16%) of the knee extensor muscles have 
been shown after 6 months (Roelants et al., 2004; Verschueren et 
al., 2004) of WBVT in postmenopausal women. Shorter duration 
interventions have also demonstrated that WBVT is a feasible in-
tervention to increase muscle strength in postmenopausal women. 
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Following 10 weeks of WBVT using leg exercises with a frequen-
cy of 3 ×  week, Machado et al. (2010) demonstrated increases 
(38.8%) in maximal voluntary isometric contraction of the leg ex-
tensors. In a study by our group, leg strength increased after 6 
(9%) (Figueroa et al., 2012) and 12 weeks (21%) (Figueroa et al., 
2014b) of WBVT in postmenopausal women. 

WBVT FOR VASCULAR HEALTH 

The beneficial effects of WBV on the cardiovascular system 
have been mostly observed following acute bouts of WBV. These 
changes include local increases in skin blood flow in the upper 
(Maloney-Hinds et al., 2008) and lower extremities (Lohman 3rd 
et al., 2007) after a session of passive vibration (PV), defined as 21 
exposure of the limbs to continuous vibration without performing 
voluntary muscle contractions. The vasodilatory response in the 
previous studies was found to be related to increases in nitric ox-
ide (NO) production (Maloney-Hinds et al., 2009). In addition to 
NO, other endothelial factors such as reduced endothelin-1, a va-
soconstrictor, may be implicated in the vasodilatory response to 
PV (Nakamura et al., 1996). Another line of studies by our group 
concluded that augmentation index (Aix) (Sanchez-Gonzalez et 
al., 2012), leg pulse wave velocity (PWV) and brachial and ankle 
pulse wave velocity (baPWV) (Wong et al., 2012) decrease while 
aortic PWV did not change (Wong et al., 2012) after a 10-min 
session of PV on the legs in healthy young men. Similar results to 
PV have also been seen after a WBV session. Otsuki et al. (2008) 
found decreases in baPWV after a session of ten 1-min static squat 
exercises with WBV separated by 1-min interset rest periods; In 
addition, a study by our group showed a decrease in AIx and leg-
PWV (Figueroa et al., 2011b) following the same protocol used 
by Otsuki et al. (2008). Increases in blood flow after an acute ses-
sion of WBV were demonstrated by Kerschan-Schindl et al. 
(2001) who found increased blood flow in the popliteal artery af-
ter 9 minutes of static squat with WBV. Increases in blood flow 
were also demonstrated by Yamada et al. (2005) who found that 
blood volume in the vastus lateralis acutely increases after WBV 
with a dynamic squat exercise. Research on the chronic effects of 
WBVT on the cardiovascular system is limited to studies by our 
group. Recently, we reported promising findings that may lead to 
the application of WBVT as a method of cardiovascular therapy. 
In this investigation, 10 overweight/obese normotensive women 
underwent 6 weeks of WBVT using leg exercises. WBVT result-
ed in a decrease in brachial systolic BP (SBP), aortic SBP, baPWV, 
Aix, and sympathovagal balance (Figueroa et al., 2012). In anoth-

er line of studies by our group in obese postmenopausal women, 
similar decreases were reported in aortic SBP, aortic DBP, and AIx 
after 6 weeks of WBVT (Figueroa et al., 2014a), and brachial SBP 
and DBP and baPWV after 12 weeks of WBVT (Figueroa et al., 
2012). The decreases in baPWV in postmenopausal women were 
attributed to decreases in legPWV, since there were no changes in 
aortic PWV (Figueroa et al., 2012). Hence, the effect of WBVT 
on arterial stiffness is localized to the trained legs. Furthermore, 
Sañudo et al. (2013) reported increases in femoral artery blood 
flow and mean velocity suggesting improvements in leg artery 
vasodilation after 12 weeks of WBVT in individuals with type 2 
diabetes mellitus. However, our previous studies have not investi-
gated the mechanisms behind the improvements in arterial func-
tion after WBVT, which represents a gap in knowledge. Since the 
elderly have increased SBP, wave reflection and arterial stiffening 
the likelihood of cardiovascular events may be increased in these 
individuals. This is important to point out since the chronic adap-
tations to WBVT reported in the previously mentioned studies 
could translate into health benefits for the elderly.

PROPOSED MECHANISMS OF WBVT FOR 
IMPROVED STRENGTH, BODY 
COMPOSITION, AND CARDIOVASCULAR 
HEALTH 

There have been a number of mechanisms proposed for the in-
creases in strength associated with WBV including the tonic vi-
bration reflex (Cardinale and Bosco, 2003), increased hormone se-
cretion (Bosco et al., 1999; Bosco et al., 2000; Cardinale et al., 
2010), muscle hypertrophy (Delecluse et al., 2003) and stimula-
tion of proprioceptive pathways (Delecluse et al., 2003). Tonic vi-
bration reflex happens when vibration causes a reflex muscle con-
traction by exciting the muscle spindles in the exposed muscle 
(Cardinale and Bosco, 2003). Previous studies in rats have shown 
enlargement of fast and slow twitch muscle fibers following short-
term WBV exposure (Necking et al., 1996). In addition, several 
human studies have shown a vibration induced muscle hypertro-
phy in healthy individuals as well as in clinical populations (Bo-
gaerts et al., 2007; Figueroa et al., 2014b; Machado et al., 2010; 
Milanese et al., 2012; Roelants et al., 2004), which cannot be 
overlooked as possibility for strength improvement. It is possible 
that WBVT may improve the efficiency of the proprioceptive 
feedback loop. Proprioceptive pathways are used during isometric 
contractions to produce force (Gandevia, 2001). A more efficient 
proprioceptive feedback loop, caused by WBV, could lead to in-
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creases in force production. There are some mechanisms proposed 
for the improvement in body composition (increase in muscle 
mass and decrease fat mass) with WBVT, which are the same 
mechanisms that cause improvements following RT. Previous 
studies in rats have shown enlargement of types I and II muscle 
fibers following vibration (Necking et al., 1996). Interestingly, it 
was previously reported that the additional gravitational load that 
an individual experiences when exposed to WBV elicits an ana-
bolic hormonal response (Bosco et al., 1999). This would be com-
parable to mechanistic studies using conventional RT, which 
found a positive relationship between increasing blood levels of 
anabolic hormones and increased muscle mass and strength (Ahti-
ainen et al., 2003; Kraemer and Ratamess, 2005). In fact, an acute 
session of WBV has been shown to acutely increase serum levels 
of testosterone and human growth hormone and decreases of cor-
tisol levels (Bosco et al., 2000). In addition, previous animal re-
search in rats suggests that chronic exposure to WBV stimulates a 
lipolytic effect (Maddalozzo et al., 2008). Rittweger et al. (2002) 
reported that metabolic power increased with vibration training 
and that energy requirements during vibration training were sim-
ilar to those of moderate intensity walking. Indeed, an acute bout 
of WBV transiently reduces plasma glucose, possibly by increas-
ing glucose uptake and utilization by contracting muscle (Di Lo-
reto et al., 2004). These findings suggest that WBVT has poten-
tial as a treatment for obesity and sarcopenia by inducing a pre-
dominance of anabolic hormones along with increased energy ex-
penditure that may lead to an increase in lean mass and reduction 
in fat mass. This is very important to mention since the progres-
sion of arterial stiffness in older individuals is related to muscle 
tissue loss (Rolland et al., 2008). It is possible that the same 
mechanisms that explain improved vasodilation following aerobic 
training and RT are those causing vascular improvements with 
WBVT. It has been speculated that when the body is exposed to 
vibration it evokes rhythmic muscle contractions (Da Silva et al., 
2007; Kerschan-Schindl et al., 2001) which may induce changes 
in peripheral arteries. Widening of the capillaries in the gastroc-
nemius and quadriceps facilitates the exchange of nutrients, meta-
bolic byproducts and delivery of oxygen between the capillaries 
and the fluid surrounding body cells (Kerschan-Schindl et al., 
2001). WBV has been shown to increase mean velocity of the 
popliteal artery, which indicates vasodilation of the small vessels 
in the exposed muscles. This increase in blood flow may be due to 
vibration-induced reduction in blood viscosity (Kerschan-Schindl 
et al., 2001). Another factor that may play a role in the increased 
peripheral blood flow might be an improved endothelial function. 

The underlying mechanism for the significant increase in blood 
flow following vibration may be due to pulsatile endothelial stress 
resulting in increased endothelial nitric oxide synthase activity 
and NO concentration (Maloney-Hinds et al., 2009; Rubin et al., 
2007). In addition to NO, other endothelial factors such as re-
duced endothelin-1, a vasoconstrictor, may be implicated in the 
vasodilatory response to vibration (Nakamura et al., 1996).

CONCULSIONS

In summary, the WBVT has been shown to improve body 
composition, muscular strength, and cardiovascular health. Espe-
cially, WBVT is useful exercise modality for disease and elderly 
population because the WBVT does not require utilizing conven-
tional dynamic exercise such as free weight or dynamic move-
ment. Instead of using those conventional exercise modalities, the 
WBVT is utilizing vibration, oscillatory shear stress, which 
evokes not only muscular contraction but also local vasodilation 
in the microcirculation by the stimulation of endothelium. 
WBVT is an efficient exercise modality for improving both skele-
tal muscle strength and cardiovascular health, specifically for el-
derly and disease populations. Also, this exercise modality, 
WBVT, can be further utilized for immobile population to im-
prove skeletal muscle strength and cardiovascular health simulta-
neously.      
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