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ABSTRACT

Aims: A stroke is a neurological disorder and muscle weakness is the most prominent
impairment. Whole-body vibration (WBV) is a possible modality of exercise that is useful for
improving physical capacity, bone mass, balance, proprioception and the quality of life in
healthy subjects and in patients with several diseases and among them, the neurological

Review Article



British Journal of Medicine & Medical Research, 4(7): 1539-1551, 2014

1540

disorders. Considering the undesirable clinical conditions of the stroke patients, the aim of
this review is to discuss about the benefits of the vibrations generated in the
oscillating/vibratory platforms to those patients.
Methodology: A search was performed in the PubMed using the keywords stroke or
"cerebrovascular accident" and "whole body vibration". An isolated search was performed
with the term “whole body vibration”. Inclusion and exclusion criteria to select the
publications were determined.
Results: It is found a limited number of publication involving WBV and the stroke with 16
articles. Of these, 9 publications were rejected for inclusion in this systematic review, due to
they did not match the proposed inclusion criteria. Considering the studies that were
analysed, about 57% of these have reported an improving in the clinical conditions of the
stroke patients with statistical significance. Most probably the reason of the controversial
results obtained with WBV findings can be attributed to the diversity of methods to measure
the outcomes and the experimental design and the clinical characteristics of the subjects
used, as well as the time elapsed post stroke.
Conclusion: Putting together the findings and considering the divergence of the results
reported, it is suggested that the use of the vibration generated in the vibratory platform
could be suitable to try to improve disorders of the stroke patients. However, it is important to
consider the limited number of publications available in the PubMed involving searches
evaluating the effect of the WBV in stroke patients.

Keywords: Stroke; whole body vibration; oscillating platform; neurological diseases.

1. INTRODUCTION

Neurological disorders are commonly associated with motor impairment and problems in
gait, balance, voluntary muscle control (spasticity) and strength are some of the most
important alterations observed in the patients. These clinical conditions contribute to low
quality of life [1].

A stroke or cerebrovascular accident or brain attack is a very and serious neurological
disorder. It can cause transitory and permanent damages in the brain and the death of the
patient. A stroke happens due to disturbances of the blood flow in a part of the brain and the
blood supply stops with a rapid loss of the brain function. Several conditions can contribute
to the appearance of the stroke. If blood flow is stopped for longer than a few seconds, the
brain cannot get blood and oxygen and the cerebral cells can die and in consequence, it
occur a permanent damage [2].

High blood pressure, atrial fibrillation, diabetes, family history of stroke, high cholesterol,
increasing age, especially after age 55, colour of the skin (black people are more likely to die
of a stroke) are risk factors for strokes. Moreover, people who have heart disease or poor
blood flow in their legs caused by narrowed arteries are also more likely to have a stroke.
The chance of stroke is higher in people who live an unhealthy lifestyle by being overweight
or obese, drinking heavily, eating too much fat or salt, smoking and taking cocaine and other
illegal drugs [2].

As in other neurological disorders, muscle weakness is a common impairment after stroke.
Bohannon [3] considers that for many individuals who have experienced a stroke, muscle
weakness is the most prominent impairment. The reduced muscle strength is strongly
related to limitations in daily activities, such as gait performance and restrictions in perceived
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participation [3-5]. Moreover, the prevalence of post-stroke spasticity has been reported to
be as high as 39% [6]. Excessive spasticity can limit functional recovery and cause pain or
contracture in stroke patients [7]. In addition, a spastic limb can also negatively impact
walking ability, physical activities and gait, including a reduction in step length and cadence
[8]. Some others possible complications found in the stroke patients are breathing food into
the airway (aspiration), dementia, falls, bladder and bowel problems loss of mobility, loss of
movement or feeling in one or more parts of the body, poor nutrition, pressure sores,
problems speaking and understanding and problems thinking or focusing 2, 9,10].

Stroke rehabilitation aims to help the patient to understand and to adapt to the clinical
difficulties, as well as to prevent secondary complications. It is desirable that the
rehabilitation team would be multidisciplinar [11]. The physical therapist has also a relevant
hole and non-invasive rehabilitation methods are currently being developed to augment
physical therapy to improve motor function of stroke patients, such as transcranial magnetic
stimulation and transcranial direct-current stimulation [12] and robotic therapies [13].
Treatment of spasticity related to stroke often involves early mobilizations combined with
elongation of spastic muscles and sustained stretching through various positioning
[14]. Electrical stimulation to the antagonist muscles or vibrations has also been used with
some success [14]. Considering the motor impairment and its consequence in a patient after
stroke [6-8], it would be expected important contributions to improve these clinical conditions
due to the effect of vibrations generated in oscillating/vibratory platform [15-18].

As reported for several authors [15-18], whole-body vibration (WBV) generated in
oscillating/vibratory platform is a possible modality of exercise that is useful for improving
physical capacity, bone mass, balance, proprioception and the quality of life in healthy
subjects [15,52] and in patients with several diseases and among them, the neurological
disorders [18-20].

Most of the studies involving WBV reported increase in myoelectrical activity of the muscles,
in muscle strength of the knee extensors, in power production during multijoint movement,
as vertical jumps and walking, and reduction in body sway related to acute residual [21-24]
and chronic effects of WBV [25-27]. The chronic effect of WBV was tested in athletes [25], in
physically active young [21,27] or untrained young [26,28] or adult people [29,30]. Recent
researches have demonstrated that WBV can improve the strength and power of elderly
people applying several weeks’ vibration intervention [16,17,31,32]. However, there are
several studies reporting neither acute residual or chronic effects [33-35].

Considering the undesirable clinical conditions of the stroke patients, the aim of this short
review is to discuss about the benefits of the vibrations generated in the oscillating/vibratory
platforms to those patients.

2. MATERIALS AND METHODS

2.1 Databank Used in This Study

PubMed online database was searched on January 15th 2013. It comprises more than 22
million citations for biomedical literature from MEDLINE, life science journals and online
books. Citations may include links to full-text content from PubMed Central and publisher
web sites [36].
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2.2 Search Strategy Used to Find the Publications

A search was performed using the keywords stroke or "cerebrovascular accident" and
"whole body vibration". An isolated search was performed with the term “whole body
vibration”.  Searches were also done with the keywords related to neurological diseases, as
(i) stroke, (ii) “cerebral palsy”, (ii) “Alzheimer disease”, (iii) “multiple sclerosis” and (iv)
“Parkinson´s disease”.

2.3 Inclusion and Exclusion Criteria to Select the Publications

Papers were included for review and discussion if (i) they met the search criteria and
described a study using whole body vibration generated by an oscillating/vibratory/platform
used to treat people with stroke, (ii) they were available in English.

Review manuscripts were excluded, as well as, that have used animals in the investigation.
Papers were selected by two independent experts and potential disagreements were
resolved through mutual consensus.

3. RESULTS

Fig. 1 shows the process by which the publications were selected for discussion and to be
analysed in this investigation. Among some neurological disorders, it is possible to verify an
important interest in the investigations about stroke in comparison with “cerebral palsy”,
“Alzheimer disease”, “multiple sclerosis” and “Parkinson´s disease”. A scientific interest
about the “whole body vibration” is also shown, however, it is only found a limited number of
publication involving this vibration and the stroke with 16 articles. Of these, 9 publications
were rejected for inclusion in the systematic review, due to they did not match the proposed
inclusion criteria. Of these, one was performed with animal [37], 2 (two) were written in
languages, Russian [38] and German [39] other than English and one was a revision [1].
Moreover, one publication was involving a combined vibration therapy and strategic balance
training was also not considered [40] and another one was about a experimental design
(algorithm) [41]. Three papers were performed with health patients [42-44]. A total of seven
articles were identified for inclusion in the current systematic review.

Considering the selected articles, in Table 1 are presented the aim of each study, the
platform manufacturer, the oscillating frequency and amplitude of the vibration and the main
outcome measures. The aims of all the papers are related to the effect of the vibration
generated in oscillating platform in stroke patients. The type of the platform is mainly related
to a side-alternating way, while the right foot is lower, the left foot is higher and vice versa.
The frequencies used in the studies ranged from 12 up to 30 Hz and the amplitudes were
from 0.44 up to 5 mm. The main outcome measures were Isokinetic and isometric knee
muscle strength (IIKMS) [45-47], Timed Up and Go (TUG) [46,48] and Berg Balance Scale
(BBS) [45,46,49], 10-meter walk test (10mWT) [45,48], 6-min walk test (6mWT) [45,46] and
electromyography (EMG) of the vastus lateralis [47,50].

Descriptions of the type of platform, the subjects (number, sex, and age), the frequency and
the amplitude used in the oscillating platforms used in the 8 selected studies are shown in
Table 1.
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Fig. 1. Process by which the publications were selected to this current investigation

The number of participants, the experimental design used, the main findings and the
conclusions of the authors of the selected papers are shown in the Table 2. Putting together
the information found in the analyzed papers, the numbers of subjects were ranging from 16
to 82. Moreover, two of the studies had no control groups. An important finding is related to
the conclusions of the authors. It is concluded, considering the results obtained in four of the
seven papers evaluated, that the WBV may be a promising tool to try to improve some
clinical conditions, as the proprioceptive control of posture in stroke patients.
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Table 1. Type of platform, the aim, the frequency and the amplitude used in the oscillating platforms used in the 7 selected studies

Reference Aim Platform
manufacturer

Oscillating frequency and
amplitude

Main Outcome Measures

Brogårdh et al, 2010 [46] To evaluate the effects of WBV
training in individuals after stroke.

VP (Xrsizeb; vertical
vibrations).

25 Hz an amplitude of 3.75mm. IIKMS, balance (BBS), muscle tone (Modified
Ashworth Scale), gait performance (TUG, comfortable
gait speed, fast gait speed, and 6mWT), and
perceived participation (Stroke Impact Scale).

Tihanyi et al, 2010 [47] To investigate the chronic effect of
low frequency WBV on IE strength
of knee extensors with different
force exertion capacity.

VP called Nemes Bosco-
system (OMP, Rieti, Italy).

12 up to 20 Hz, and the
amplitude of 5 mm

IIKMSK and myoelectrical activity (EMG) of the vastus
lateralis.

van Nes et al, 2006 [49] To study the effects of 6-weeks
WBV on postural control and daily
activities compared with 6 wk of
exercise therapy on music of the
same intensity in the postacute
phase of stroke.

Galileo 900, Galileo 2000,
Enschede, The Netherlands

30-Hz frontal plane oscillations
of 3-mm amplitude

BBS, Trunk Control Test, Rivermead Mobility Index,
Barthel Index, Functional Ambulation Categories,
Motricity Index, and somatosensory threshold at 0, 6,
and 12 wk follow up.

Chang et al, 2012 [48] To investigate the effects of a single
session of WBV training on ankle
Plantar flexion spasticity and gait
performance in SP.

Vertical WBV (AV-001,
Bodygreen, Taiwan)

12 Hz and an amplitude of 4
mm.

The spastic changes were measured clinically and
neurophysiologically. Subjective evaluation
of ankle spasticity was performed via a visual
analogue scale. Gait performances were evaluated by
the TUG test, 10mWT and cadence.

Lau et al, 2012 [45] To examine the efficacy of WBV in
optimizing neuromotor erformance
and reducing falls in chronic SP.

Vertical (synchronous) WBV
signals were delivered by the
Jet-Vibe System(Danil
SMCCo. Ltd., Seoul,
South Korea).

frequency from  20 up to 30 Hz
and amplitude from 0.44 up to
0.60 mm,

Balance (BBS), mobility (10mWT and 6mWT), IIKMS,
and fall-related self-efficacy (activities-specific balance
confidence scale) were assessed at baseline, after the
8-wk training and at 1-month follow-up.

Tihanyi et al, 2007 [50] To determine the effect of WBV on
IE torque and EMG of knee
extensors on the affected side of SP

Nemes–Bosco vibration
platform (OMP, Rieti, Italy).

20 Hz vibration and amplitude
of 5 mm

Maximum IE torque, rate of torque development, root-
mean-squared EMG, median frequency of vastus
lateralis, and co-activation of knee flexors.

van Ness et al, 2004 [51] Tho verify the effects of WBV on
postural control in SP.

(Galileo 900, Galileo2000,
Enschede, The Netherlands)

30-Hz oscillations at 3 mm of
amplitude in the frontal plane.

Postural control and symmetry were assessed in
terms of center-of-pressure  movement.

Whole body vibration- WBV, Electromyography – EMG, Timed Up and Go – TUG, 10-meter walk test – 10mWT, 6-min walk test – 6mWT, Berg Balance Scale- BBS, IIKMS - Isokinetic and isometric knee muscle
strength, Stroke patients – SP, IE - isometric and eccentric
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Table 2. Number of participants, the experimental design used, the main findings and the conclusions of the authors of the selected papers

Reference Participants and time after
the stroke

Experimental design Results Conclusions

Brogårdh et al, 2010 [46] Participants (N=31; age
62±7y) were divided in
intervention group (IG) (13
man and 3 woman) or a
control group (CG) (12 man
and 3 woman).

WBV training (2 sessions/wk for 6wk;
12 repetitions of 40–60s WBV per
session). IG trained on a VP
(amplitude 3.75mm) and the CG on a
placebo” VP (0.2mm  amplitude).
Frequency was 25Hz on both VP.

There were no significant differences between
the 2 groups after the WBV training.
Significant but small improvements
(P˂0.05) in body function and gait
performance were found within both groups.

WBV training on a VP was not more
efficient than a placebo VP. The use
of WBV in individuals with chronic
stroke and mild to moderate
disability is not supported.

Tihanyi et al, 2010 [47] The subjects were randomly
assigned into two groups, i.e.
IG (n=10) and CG ( n=10).
Each group with 4 female and
6 male. Age was 58.0±4.9
years (IG) and 57.7±8.2 (CG).

IG received WBV with 20 Hz
frequency 3 times/wk standing on a
VP (half squat position) meanwhile
flexing and extending the joints and
placing the weight from one leg to
the other. Knee extensor strength
was determined under IE contraction
before and after WBV intervention.
Myoelectrical activity (EMG) of the
vastus lateralis muscle was
measured.

Significant improvement was in the IG only.
Maximum isometric torque and EMG  activity
increased significantly for both paretic and
non-paretic leg, but the improvement was
threefold greater in the IG. No significant
alteration was found in rate of torque
development. Maximum eccentric torque and
EMG increased significantly for the paretic leg
only. Mechanical work enhanced significantly
in the paretic side only.

Low vibration frequency intervention
can increase the strength in weak
muscles due to neuromuscular
impairment and restricted physical
activity.

van Nes et al, 2006 [49] Fifty-three patients were in
WBV group (n=27, 16 male
and 11 female) or the ETM
group n=26, 14 male and 12
female).

Patients were treated with either
WBV or exercise therapy on music
(ETM) during 6 wk. Treatments
consisted of 4 sessions of 45
seconds stimulation with a 1-min
break. ETM was a “sham” treatment.

At baseline, both groups were comparable in
terms of prognostic factors and outcome
measures. Both at 6 and 12 wk follow up, no
statistical differences in outcome were
observed in the groups.

Daily sessions of WBV during 6 wk
are not more effective in terms of
recovery of balance and activities of
daily living than the same amount of
ETM in the postacute phase of stroke.

Chang et al, 2012 [48] Thirty subjects were
randomized into either a CG (n
= 15, 10 men and 5 female) or
an IG (n=15, 11 male and 4
female).

IG was treated with WBV while  CG
was treated with placebo. The
subjects were positioned on the
platform in a semi-squatting position.
The time included two 10-min
periods of vibration with a 1-min rest
interval. In CG, the vibration machine
was not turned on.

Changes between IG and CG were
significantly different in Modified Ashworth
Scale. The Hmax/Mmax ratio and visual
analogue scale were significantly decreased.
WBV could significantly improve gait velocity,
timed  TUG test and 10mWT. The uneven
body weight posture on bilateral feet was also
improved after vibration.

The results suggest that a single
session of WBV training can reduce
ankle plantarflexion spasticity in
chronic SP, thereby potentially
increasing ambulatory capacity.
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Table 2. continued .......
Lau et al, 2012 [45] 82 chronic stroke patients

were randomly assigned to
either the IG or CG.

IG received 9–15 min of WBV while
performing a variety of dynamic leg
exercises on the vibration platform.
The CG performed the same
exercises without vibration. The
subjects underwent their respective
training three times a week for 8 wk.

Intention-to-treat analysis revealed similar
significant
improvement in all balance, mobility, muscle
strength, and fall-related self-efficacy
measures in both groups after the 8-wk
treatment period (P˂0.001), and these were
maintained at the 1-month follow-up. The
incidence of falls did not differ between
the two groups (P˃ 0.05).

The addition of the presently used
WBV on paradigm to a leg exercise
protocol was no more effective in
improving neuromotor performance
and reducing the incidence of falls
than leg exercises alone in chronic SP
who have mild to moderate motor
impairments

Tihanyi et al, 2007 [50] Sixteen patients (age 58.2
±9.4 years)

8 patients  assigned to the IG were
standing on a vibration platform
for 1 min six times in one session.
Patients in the CG also stood on the
platform but did not receive vibration.

IE knee extension torque increased in the IG.
Vibration increased EMG  amplitude and the
median frequency in the vastus lateralis in IG.
Vibration improved the ability to generate
mechanical work during eccentric contraction
and reduced biceps femoris co-activation
during IE  contraction.

These results suggest that one bout
of WBV can transiently increase
voluntary force and muscle activation
of the quadriceps muscle
affected by a stroke.

van Ness et al, 2004 [51] 23 ischemic SP (13 men, 10
women; age 58.1± 11.4 yrs)
with a poststroke interval of at
least 6 mos (mean interval
23.3 ±11.4 mos). 23 healthy
controls (age 63.9 ± 9.3 yrs)
were in the CG.

All patients were subjected to one
series of four consecutive
assessments of 45-sec WBV with a
1-min pause between
administrations.

Results indicated a stable baseline
performance from the 1st to the 2nd
assessment for all tasks. After WBV, the 3rd
assessment demonstrated  reduction in the
RMS center-of-pressure velocity in the
anteroposterior direction when standing with
the eyes closed (persisted during the 4th
assessment). Patients showed an increase in
their weight-shifting speed at the 3rd balance
assessment while precision remained
constant.

It is concluded that WBV may be a
promising candidate to improve
proprioceptive control of posture in
SP.

Whole body vibration- WBV,Intervention group – IG, root mean square (RMS), control group- CG, week – wk, vibration platform – VP, IE - Isometric and eccentric
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4. DISCUSSION

Several training procedures have been used with the expectance to improve lower-extremity
function in patients after stroke. WBV exercises have been suggested to be an alternative
form of training to these patients and it has been hypothesized that the vibrations generated
in vibration platform could initiate muscle contractions by stimulating the muscle spindles
and the alpha motor neurons.[4]. Although these WBV exercises have been used
successfully to treat several disorders [3,18,32,42] and among them, neurological diseases
[19,20], the number of the publications involving WBV and stroke is strongly limited. In the
PubMed only seven papers are found involving WBV and stroke (Fig. 1).

Following, the findings of the selected papers are discussed, however, there are some study
limitations and it is extremely difficult to compare investigations involving such a variability of
methods of inclusion, assessment and therapeutic. Moreover, it would always be preferable,
if and when possible of course, to compare studies homogeneous in terms of types of
patients included, rating scales and treatment protocols. In addition, the main findings of the
selected papers are indicated, trying to show the importance of the vibrations generated in
oscillating platform in improving the clinical conditions of the stroke patients.

Considering the studies that were analysed, about 57% of these have reported an improving
in the clinical conditions of the stroke patients with statistical significance. Most probably the
reason of the controversial results obtained with WBV findings can be attributed to the large
diversity of the methods to measure the outcomes and the experimental designs and the
clinical characteristics of the subjects used, as well as the time elapsed post stroke.
Furthermore, the length of training, intensity, frequency or amplitude setting has been
different among the selected papers. Naturally, the number of the patients used in the
investigations has also contributed to the results in the analysed papers.

Important improvements related to the musculoskeletal system in the stroke patients were
reported. Some of these improvements have reached a significant difference between the
patients of the investigated group in comparison to the patients of the control group. Tihany
et al [50] have reported that the vibrations generated in the vibratory platform have increased
the Isometric and eccentric knee extension torque. This increase has been also found to the
EMG  amplitude and the median frequency in the vastus lateralis in the stroke patients. In
addition, the vibration improved the ability to generate mechanical work during eccentric
contraction and reduced biceps femoris co-activation during isometric and eccentric
contractions. Tihany et al [50] have described significant improvement in the stroke patients
treated with WBV. The maximum isometric torque and EMG activity (as previously published
by Tihany et al [50] increased significantly for both paretic and non-paretic leg. Maximum
eccentric torque and EMG increased significantly for the paretic leg only. Mechanical work
enhanced significantly in the paretic side only. Studies published by Lau et al [45] have
revealed similar significant improvement in all balance, mobility, muscle strength, and fall-
related self-efficacy measures in both groups after the 8-wk treatment period. Moreover,
these improvements were maintained at the 1-month follow-up. Chang et al [48] have
reported that the WBV could significantly improve gait velocity, timed TUG test and 10mWT.
Moreover, the uneven body weight posture on bilateral feet was also improved after
vibration.

Physical inactivity is associated with an increased risk of stroke and an increase of the
physical activity may decrease the risk of stroke [51]. Furthermore, the physical activity is
also known to have a positive effect on control of blood pressure and diabetes, two highly
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relevant risk factors for stroke. Considering the effects of the WBV exercises, it would be
interesting to consider these exercises, as physical activity, to aid in the prevention of stroke.

5. CONCLUSION

Putting together the findings described in this study and considering the divergence of the
results in the publications, it is possible to conclude and to suggest that the use of the
vibration generated in the vibratory platform could be suitable to try to improve some
disorders of the stroke patients. However, it is important to consider the limited number of
publications available in the PubMed involving searches evaluating the effect of the WBV in
stroke patients

CONSENT

It is not applicable in our paper.

ETHICAL APPROVAL

Not applicable.

COMPETING INTERESTS

Not applicable.

REFERENCES

1. Del Pozo-Cruz B, Adsuar JC, Parraca JA, Del Pozo-Cruz J, Olivares PR, Gusi N.
Using whole-body vibration training in patients affected with common neurological
diseases: a systematic literature review. J Altern Complement Med. 2012;18:29-41.

2. Stroke in PubMed Health accessed in January 9th 2013.
Available: http://www.ncbi.nlm.nih.gov/pubmedhealth/pmh0001740/.

3. Bohannon RW. Muscle strength and muscle training after stroke. J Rehabil Med.
2007;39:14-20.

4. Flansbjer UB, Downham D, Lexell J. Knee muscle strength, gait performance, and
perceived participation after stroke. Arch Phys Med Rehabil. 2006;87:974-80.

5. Latchaw RE, Alberts MJ, Lev MH, Connors JJ, Harbaugh RE, Higashida RT, et al.
Recommendations for imaging of acute ischemic stroke: a scientific statement from
the American Heart Association. Stroke. 2009;40:3646-3678.

6. Mayer NH. Clinicophysiologic concepts of spasticity and motor dysfunction in adults
with an upper motoneuron lesion. Muscle Nerve Suppl. 1997;6:S1–13.

7. Young RR. Physiologic and pharmacologic approaches to spasticity. Neurol Clin.
1987;5:529–539.

8. Goldie PA, Matyas TA and Evans OM. Gait after stroke: initial deficit and changes in
temporal patterns for each gait phase. Arch Phys Med Rehabil. 2001;82:1057–1065.

9. Stroke in Medline Plus, acessed in February 19th 2013.
Available: http://www.nlm.nih.gov/medlineplus/ency/article/000726.htm.

10. Stroke in Wikipedia, acessed in February 19th 2013.
Available: http://en.wikipedia.org/wiki/stroke.



British Journal of Medicine & Medical Research, 4(7): 1539-1551, 2014

1549

11. Stroke use of ankle foot orthoses in NHS Quality Improvement Scotland, accessed in
February 19th 2013,
Available:http://www.stroke.scot.nhs.uk/docs/useofankle-
footorthosesfollowingstroke.pdf

12. Fregni F, Pascual-Leone A. "Technology Insight: noninvasive brain stimulation in
neurology—perspectives on the therapeutic potential of rTMS and tDCS". Nature
Clinical Practice Neurology. 2007;3:383–393.

13. Balasubramanian S, Klein J, Burdet E. "Robot-assisted rehabilitation of hand
function". Curr Opin Neurol. 2010;23:661–70.

14. O'Sullivan SB. "Stroke". In O'Sullivan SB, Schmitz TJ. Physical Rehabilitation. 5.
Philadelphia: F.A. Davis Company. 2007;719.

15. Rehn B, Lidstrom J, Skoglund J, Lindstrom B. Effects on leg muscular performance
from whole-body vibration exercise: A systematic review. Scand J Med Sci Sports.
2007;17:11-13

16. Bogaerts A, Verschueren S, Delecluse C, Claessens AL, Boonen S: Effects of whole
body vibration training on postural control in older individuals: A 1 year randomized
controlled trial. Gait & Posture. 2007;26:309–316.

17. Bogaerts CG, Delecluse C, Claessens AL, Troosters T, Boonen S, Verschueren SMP:
Effects of whole body vibration training on cardiorespiratory fitness and muscle
strength in older individuals (a 1-year randomised controlled trial). Age and ageing.
2009;4:448–454.

18. Ritweger J. Vibration as an execise modality: how it may work, and what its potential
might be. Eur J Appl Physiol. 2010;108:877-904.

19. Santos-Filho SD, Cameron MH, Bernardo-Filho M. Benefits of whole-body vibration
with an oscillating platform for people with multiple sclerosis: a systematic review.
Multiple Sclerosis Int. 2012;2012:1-6.

20. Pinto NS, Monteiro MBM, Meyer PF, Santos-Filho SD, Azevedo-Santos F, Bernardo
RM, Paiva D, Thompson D, Missaidilis S, Marin PJ, Haas C, Bernardo-Filho M. The
effects of whole-body vibration exercises in Parkinson’s disease: a short review. J Med
Med Sci. 2011;2:594-600.

21. De Ruiter CJ, Van Der Linden RM, Van Der Zijden MJ, Hollander AP De Hann A:
Short-term effects of wholebody vibration on maximal voluntary isometric knee
extensor force and rate of force rise. Eur. J. Appl. Physiol. 2003;4–5:472–475.

22. Rittweger J, Mutschelknauss M, Felsenberg D. Acute changes in neuromuscular
excitability after exhaustive whole body vibration exercise as compared to exhaustion
by squatting exercise. Clin. Physiol. Funct. Imaging. 2003;23:81–86.

23. Torvinen S, Kannus P, Sievanen H, Jarvinen TAH, Pasanen M, Kontulainen S,
Jarvinen TLN, Oja P, Vuori I. Effect of a vibration exposure on muscular performance
and body balance. Clin. Physiol. Func. Imaging. 2002;22:145–152.

24. Torvinen S, Kannus P, Sievanen H, Jarvinen T A H, Pasanen M, Kontulainen S,
Nenonem A, Jarvinen TLN, Paakkala T, Jarvinen M, Vuori I: Effect of 8-month vertical
whole body vibration on bone, muscle performance and body balance: A randomized
controlled study. J. Bone Miner. Res. 2003;18:876–884.

25. 25. Bosco C, Cardinale M, Colli R, Tihanyi J, von Duvillard SP, Viru A: The influence
of whole body vibration on jumping performance. Biol. Sport. 1998;15:157–164.

26. Delecluse C, Roelants M, Verschueren S: Strength increase after whole-body vibration
compared with resistance training. Med. Sci. Sports Exerc. 2003;6:1033–1041.

27. Di Giminiani R, Sáfár S, Scrimaglio R, Tihanyi J: The effect of vibration on explosive
and reactive strength applying individualized vibration frequency. J. Sport Sci.
2009;2:169–177.



British Journal of Medicine & Medical Research, 4(7): 1539-1551, 2014

1550

28. Roelants M, Delecluse C, Goris M, Verschueren S: Effects of 24 weeks of whole body
vibration training on body composition and muscle strength in untrained females. Int.
J. Sports Med. 2004;25:1–5.

29. Torvinen S, Kannus P, Sievanen H, Jarvinen TAH, Pasanen M, Kontulainen S,
Jarvinen TLN, Oja P, Vuori I. Effect of four-month vertical whole body vibration on
performance and balance. Med. Sci. Sports Exer. 2002;34:1523–1528.

30. Torvinen S, Sievanen H, Jarvinen TAH, Pasanen M, Kontulainen S, Kannus P. Effect
of 4-min vertical whole body vibration on muscle performance and body balance: A
randomized cross-over study. International J. Sports Medicine 2002;23:374–379.

31. Bruyere O, Wuidart MA, Di Palma E, Gourlay M, Ethgen O, Richy F, Register JY.
Controlled whole body vibration to decrease fall risk and improve health-related quality
of life of nursing home residents. Arch. Phys. Med. Rehabil. 2005;86:303–307.

32. Verschueren SM, Roelants M, Delecluse C, Swinnen S, Vanderschueren D, Boonen
S: Effect of 6-month whole body vibration training on hip density, muscle strength and
postural control in postmenopausal women: a randomized controlled pilot study. J.
Bone Miner. Res. 2004;19:352–359.

33. Cardinale M, Lim J. The acute effects of two different whole body vibration frequencies
on vertical jump performance, Med Sport. 2003;56:287–292.

34. Kvorning T, Bagger CM, Caserotti CP, Madsen K. Effects of vibration and resistance
training on neuromuscular and hormonal measures. Eur. J. Appl. Physiol.
2006;96:615–625.

35. Ronnestad BR. Comparing the performance-enhancing effects of squats on a vibrating
platform with conventional squats in recreationally resistance-trained men. J. Strength
Cond. Res. 2004;4:839–845.

36. PubMed database, acessed in January 15th 2013.
Available: http://www.ncbi.nlm.nih.gov/pubmed

37. Bhattacharya A, Knapp CF, McCutcheon EP, Edwards RG. Parameters for assessing
vibration-induced cardiovascular responses in awake dogs. J Appl Physiol.
1977;42:682-689.

38. Piatin VF, Shirolapov IV, Nikitin OL. Vibrational physical exercises as the rehabilitation
in gerontology. Adv Gerontol. 2009;22:337-342.

39. Merkert J, Butz S, Nieczaj R, Steinhagen-Thiessen E, Eckardt R. Neurological lower
torso function test: A new assessment. Z Gerontol Geriatr. 27th Jan 2012.

40. Merkert J, Butz S, Nieczaj R, Steinhagen-Thiessen E, Eckardt R. Combined whole
body vibration and balance training using Vibrosphere®: improvement of trunk
stability, muscle tone, and postural control in stroke patients during early geriatric
rehabilitation. Z Gerontol Geriatr. 2011;44:256-261.

41. Baldinotti I, Timmann D, Kolb FP, Kutz DF. Jerk analysis of active body-weight-
transfer. Gait Posture. 2010;32:667-672.

42. Coupé M, Yuan M, Demiot C, Bai YQ, Jiang SZ, Li YZ, Arbeille P, Gauquelin-Koch G,
Levrard T, Custaud MA, Li YH. Low-magnitude whole body vibration with resistive
exercise as a countermeasure against cardiovascular deconditioning after 60 days of
head-down bed rest. Am J Physiol Regul Integr Comp Physiol. 2011;301:R1748-1754.

43. Maikala RV, King S, Bhambhani YN. Acute physiological responses in healthy men
during whole-body vibration. Int Arch Occup Environ Health. 2006;79:103-114.

44. Kemertzis MA, Lythgo ND, Morgan DL, Galea MP. Ankle flexors produce peak torque
at longer muscle lengths after whole-body vibration. Med Sci Sports Exerc.
2008;40:1977-1983.

45. Lau RW, Yip SP, Pang MY. Whole-body vibration has no effect on neuromotor
function and falls in chronic stroke. Med Sci Sports Exerc. 2012;44:1409-1418.



British Journal of Medicine & Medical Research, 4(7): 1539-1551, 2014

1551

46. Brogårdh C, Flansbjer UB, Lexell J. No specific effect of whole-body vibration training
in chronic stroke: a double-blind randomized controlled study. Arch Phys Med Rehabil.
2012;93:253-258.

47. Tihanyi J, Di Giminiani R, Tihanyi T, Gyulai G, Trzaskoma L, Horváth M. Low
resonance frequency vibration affects strength of paretic and non-paretic leg
differently in patients with stroke. Acta Physiol Hung. 2010;97:172-182.

48. Chan KS, Liu CW, Chen TW, Weng MC, Huang MH, Chen CH. Effects of a single
session of whole body vibration on ankle plantarflexion spasticity and gait performance
in patients with chronic stroke: a randomized controlled trial. Clin Rehabil.
2012;26:1087-1095.

49. van Nes IJ, Latour H, Schils F, Meijer R, van Kuijk A, Geurts AC. Stroke.
2006;37:2331-2335.

50. van Nes IJ, Geurts AC, Hendricks HT, Duysens J. Short-term effects of whole-body
vibration on postural control in unilateral chronic stroke patients: preliminary evidence.
Am J Phys Med Rehabil. 2004;83:867-73.

51. 51- Physical Activity Guidelines Advisory Committee Report. 2008; Available from: US
Dept of Health and Human Services, Washington, DC. Accessed February 21st 2013.
Available at: http://www.health.gov/paguidelines/

© 2014 Santos-Filho et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=372&id=12&aid=2769


