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Abstract
Vibrations are all around us. We can detect vibrations with sensitive skin
mechanoreceptors, but our conscious awareness of the presence of
vibrations is often limited. Nevertheless, vibrations play a role in our
everyday life. Here, we briefly describe the function of vibration detection
and how it can be used for medical applications by way of whole body
vibration. Strong vibrations can be harmful, but milder vibrations can be
beneficial, although to what extent and how large the clinical relevance is
are still controversial. Whole body vibration can be applied via a vibrating
platform, used in both animal and human research. Recent findings make
clear that the mode of action is twofold: next to the rather well-known
exercise (muscle) component, it also has a sensory (skin) component.
Notably, the sensory (skin) component stimulating the brain has potential
for several purposes including improvements in brain-related disorders.
Combining these two components by selecting the optimal settings in whole
body vibration has clear potential for medical applications. To realize this,
the field needs more standardized and personalized protocols. It should
tackle what could be considered the “Big Five” variables of whole body
vibration designs: vibration amplitude, vibration frequency, method of
application, session duration/frequency, and total intervention duration.
Unraveling the underlying mechanisms by translational research can help
to determine the optimal settings. Many systematic reviews on whole body
vibration end with the conclusion that the findings are promising yet
inconclusive. This is mainly because of the large variation in the “Big Five”
settings between studies and incomplete reporting of methodological
details hindering reproducibility. We are of the opinion that when (part of)
these optimal settings are being realized, a much better estimate can be
given about the true potential of whole body vibration as a medical
application.

Keywords
Whole body vibration, cognition, translational research, Meissner
corpuscles, Pacinian corpuscles, exercise, somatosensory, brain
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Introduction
Vibrations are oscillations that occur around an equilibrium  
point. They propagate in a certain medium (such as air, water, 
a branch of a tree, a leaf, or soil). The waveforms of the vibra-
tions can range from very regular (sinusoidal) to very irregu-
lar (random). Such vibrations are all around us, produced, 
for example, by the wind, thunder in the air, or rain drops  
falling on the ground. They can also be caused by organisms of 
any size. Vibrations are often produced unintentionally while 
these creatures move around. Three basic forms of vibration  
transmission can be distinguished based on the medium in which 
the vibrations propagate: airborne, water-borne, and substrate-
borne vibrations. These vibrations are all intricate components 
of the natural environment. It is assumed that they played an  
important role in the evolution of life1. Sensitivity to vibrations 
is found in even the simplest forms of life. Like the other 
senses, vibration detection is a crucial sense to be able to keep 
in touch with one’s environment2. The vibration sense is used  
across the animal kingdom for various reasons: to detect prey, 
to avoid predators, to assess and navigate within a habitat or  
environment, or to search for food, amongst others. Vibrations 
are also used intentionally, for example to communicate with 
other individuals or to ward off a predator3,4. Also, humans detect  
vibrations, and even more so when other senses fail5. A present-
day example is feeling a vibrating mobile phone in your hand or  
pocket. Also, sound is a form of vibration, which is collec-
tively referred to as vibro-acoustics. A sound (or loud noise) can  
be both felt and heard by humans if both hearing sense and  
vibration sense are present. Given our sensitivity to vibration, 
it is somewhat surprising that we do not employ our capacity of  
vibration detection to the fullest. In this paper, we highlight 
one approach to employ vibrational sense: the use of whole  
body vibration (WBV) and its potential for medical applications. 
We summarize the latest advances in the use of WBV and stress  
that WBV has great potential as a therapeutic treatment once  
some critical issues are solved.

Vibration detection in humans
Humans are endowed with a high density of mechanoreceptors 
in the skin (notably in the fingertips and feet) to detect vibra-
tions (Figure 1). Next to those, mechanoreceptors can be found 
less abundantly in ligament, joints, blood vessels, and organs6. 
We evolutionarily inherited vibrational sensitivity, which is 
hard-wired in our body and brain. The mechanoreceptors 
project via the spinal cord and the thalamus to the somato-
sensory cortex. Various cortical brain regions are involved in  
vibrational information processing. Vibrations of high enough 
energy are therefore consciously detected. Vibrations of low 
energy or beyond the detection level of hearing (infrasound) 
still reach the brain, and it is believed that it causes annoyance 
and distress in many people7. Two main types of cutaneous  
mechanoreceptors receptive to vibrations are present in mam-
mals, including humans (see 8 for review). Pacinian corpuscles, 
or pressure receptors, are deeply placed in the skin (and less 
abundantly elsewhere in the body)6. They sense vibrations 
at a range of 20–1,000 Hz, with a peak sensitivity around 
250 Hz. Meissner corpuscles, or touch receptors, are more 
superficially placed in the skin. While touching a surface,  
the skin copies the surface via skin deformations and the  

corpuscles start to signal with their preferred frequency to the  
somatosensory cortex (see also Figure 2). Meissner corpuscles 
sense vibrations at a range of 5–150 Hz, with a peak sensi-
tivity around 10–65 Hz. Meissner and Pacinian corpuscles 
are mandatory for the detection of vibrations. Stimulation of  
Meissner corpuscles results in the sensation of tapping-flut-
ter-vibration, whereas stimulation of Pacinian corpuscles 
results in the sensation of vibration or tickling. Pacinian corpus-
cles in the human hand also serve a function in active texture  
exploration9. Under normal conditions, vibrational stimulation 
of the skin co-activates both types of skin mechanoreceptors 
either because the range of frequencies of the source is broad or  
because of harmonics (for example, a 30 Hz vibration will also 
generate vibrations of 60, 90, 120 Hz etc., although at a lower  
intensity; see for example10).

Recent advances in the use of vibrations: medical 
applications
Humans have a clear ability to detect vibrations of a wide  
range of frequencies and amplitudes. It had evident evolutionary 
advantages for individual survival (escaping predators or finding 
prey, and increased reproduction) for our ancestors. The use 
of the skin mechanoreceptors for sensing the texture of fruit for 
its edibility is considered a crucial step in our survival. These  
original advantages seem not so relevant anymore in our  
current society. However, vibrations and vibration detection are 
still linked to health issues. Numerous human studies on vibra-
tions exist and are ongoing, examining under which conditions  
these vibrations become harmful. The aim of these studies is to  
determine which regulations are needed to prevent physical 
or mental damage. In general, vibrations can be dangerous for  
humans, notably when the amplitude is high (>1 millimeters), 
the duration is long (> ~30 minutes), and the vibrations have an  
erratic, random waveform. One aspect of harmful vibrations  
relates to the principle of resonance. Any part of the body has an 
intrinsic resonance frequency. The resonance frequencies will 
induce more physiological effects but if too strong should be  
considered harmful. For example, it has been estimated that 
the resonance frequency for the liver is 2–7 Hz in mice, 
while in humans the resonance frequency for the abdomen is 
4–8 Hz, the thorax is 5–10 Hz, and the head is between 20 and  
30 Hz11.

WBV research was in part inspired by determining these health 
risks. In contrast to harmful vibrations or harmful WBV, for 
example due to tools or driving heavy machinery, WBV can 
also be beneficial using vibrating platforms (see Figure 1 and  
Figure 2; “good” versus “bad” vibrations). The mechanical  
vibration of these vibrating platforms is transferred to the 
body, which triggers physical and physiological responses  
(see 12 for review). The type of vibration matters (vertical 
or side alternating and mechanical or sonic, for example) but 
also the subject’s posture (sitting or standing on the plate in 
many different positions). An example of how this can affect 
the outcome is given by Alizadeh-Meghrazi and co-workers in  
individuals with spinal cord injuries13. Most often, the  
waveform is sinusoidal (and hence regular and predictable or 
predetermined). With a shift in focus from harmful vibrations to  
beneficial vibrations, the number of WBV publications increased 
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Figure 1. Human and translation research on whole body vibration (WBV). A schematic and simplified overview of the sensory and 
exercise components of WBV in humans (panel A) and small rodents (panel B) applied via a vibrating platform. The (mechanical) vibration 
has predominantly a sinusoidal waveform (potentially beneficial), as more random and erratic waveforms are potentially harmful (see 
also the European vibration directive14). General focus areas in WBV research are indicated in the boxes. The dashed line from the gut 
microbiome indicates that WBV might directly affect the gut microbes instead of via mechanoreceptors. One recent advance in the field of 
WBV research is the increasing awareness that WBV, next to an exercise component, also has a sensory component affecting the brain via 
skin mechanoreceptors.

(source: PubMed). Until around 2000, the number of WBV  
publications was about 15 per year. Then, the yearly number  
steadily increased and peaked in 2014 and 2015 (about 200 
publications per year). The number of publications stabilized 
around 170 in later years. Systematic reviews started to appear 
around 2009 and reported on the effects of WBV on a wide  
variety of topics, including body composition, quality of life, 
pain management, musculoskeletal morphology and function, 
pulmonary functions, blood circulation and blood flow, many  
(neurological) diseases or conditions including musculoskeletal 
disorders, pulmonary function, chronic obstructive pulmonary 
disease, diabetes mellitus, fibromyalgia, osteoporosis, cancer,  
stroke, bone morphology, multiple scleroses, Parkinson’s disease, 
Alzheimer’s disease, cerebral palsy, and fracture healing. The 
often-recurrent conclusion of the systematic reviews is that  
findings are inconsistent, of rather modest effect size if present, 

and require further research. It signals a field in develop-
ment with considerable potential but in need of efforts to 
pinpoint the true value of WBV as a therapy. Is the effect  
size of WBV interventions large enough to make it clinically  
relevant for many domains? Increasing awareness of the  
combined exercise and sensory component in WBV (explained in 
the next sections) can be viewed as a next step in an attempt to 
increase the effectiveness of WBV.

The exercise (muscle) component of WBV
WBV is used in sports as an exercise module. It can improve 
muscle functioning and bone structure (see 15 for review) in  
healthy patients as well as those with a medical condition16.  
Obviously existing WBV exclusion criteria for certain types 
of patients must be taken into account. WBV-exercise can be a  
stepping stone for more common forms of physical activity 
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Figure 2. The sensory (skin) component of whole body vibration (WBV). A schematic and simplified overview of vibration detection 
influencing the brain. Mechanoreceptors in the skin (Panel A: 1. Meissner corpuscles, 2. Pacinian corpuscles) detect the (naturally caused) 
vibrations (depicted in panel B) and relay the signal to the brain via the spinal cord. In the thalamus, the signal reaches the ventral posterolateral 
nucleus and the posterior thalamic nucleus. These areas send the signal to the somatosensory cortex, where it has a conscious “where” 
function (in relation to the body) and a conscious “what” function (in relation to the potential consequences of the detected vibration). The 
incoming vibrational signal stimulates the prefrontal cortex and neurotransmitter systems, although the pathways of these brain connections 
are rather unclear. Vibrations can be mimicked by a platform (panel C: potentially “good” vibrations) or by certain (mechanical) tools (panel 
D: potentially “bad” vibrations). These vibrations have either a positive or a negative impact on human health depending on their features. 
Detected vibrations can also influence the brain via increased heart rate and hence increased blood flow to the brain.

and exercise. Positive findings of WBV as exercise training 
on numerous outcome parameters keep appearing regularly. 
Providing a full overview of the recent developments in 
all of the exercise-related aspects of WBV research is,  
however, beyond the scope of the current review. In general,  
several new findings further stress that WBV is poten-
tially a suitable rehabilitation training tool that warrants the  
continuation of investigations to increase reproducibility and  
effectiveness (see 17,18, for example, and references therein). 
A recent review on WBV as a neuromuscular training method  
concluded that WBV can bring about improvements in  
muscle strength, power, and flexibility19. However, it depends 
not only on the characteristics of the WBV protocol and  
setting (mentioned above) but also on the characteristics of the  

participants. However, data are often insufficient to support or 
refute the use of WBV as an effective therapeutic intervention 
in diseased conditions. Despite the need for more consistency 
in WBV research, the steady stream of new publications has  
brought considerable new insights. Although an object of study 
since the 60s of the previous century, WBV is now becoming 
more clearly like a coin with two sides that can be further  
utilized if it comes to mode of action: the exercise component  
(e.g. muscles) and the sensory component (e.g. skin).

The sensory (skin) component of WBV
Obviously, these two components are not mutually exclusive. 
Skin signals and muscle signals (including proprioceptive  
signals not further addressed in this review) come together in 
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the associative cortical areas of the brain. Traditionally, the exer-
cise component is associated with WBV-exercise, training, and 
rehabilitation. However, the existence of the sensory component 
and the connection to the brain was already recognized in the 
early days of WBV research (see 12, for example). Focus of the  
field was still more on the potential discomfort and harmful  
aspect of WBV on the brain. It was linked to, for instance,  
motion sickness issues or the impact of vibrations in build-
ings negatively influencing quality of life20. The dopaminergic 
brain system becomes activated by WBV (20 Hz, 4G, for  
90 minutes21), but by itself this is not necessarily bad for the 
brain. WBV also increased cerebral blood flow as was shown 
in a study in which low-frequency WBV protocols were used  
(ranging from 3–6 Hz)22. A review on peripheral blood flow 
reported that the change in it is frequency dependent23, and 
it can be assumed that higher peripheral blood flow also  
affects the brain. Choi and co-workers showed that 27 Hz WBV 
(but not 10 Hz WBV) increased brain activity in the prefrontal,  
motor, and somatosensory cortex24. That WBV can beneficially 
affect the brain is a rather recent insight. In a series of  
experiments, it was demonstrated that WBV (30 Hz vibrations) 
can improve cognitive performance in healthy young and 
older individuals, including individuals with attention deficits  
(ADHD)25–29. An fMRI imaging study in 2016 reported that  
after a session of WBV (by standing on a platform and  
providing a non-sinusoidal, random vibration of 7 Hz), the left  
caudate nucleus showed a significant increase in activity30. A  
more recent (pilot) study demonstrated the stimulating effects 
of WBV on the brain by examining electroencephalogram  
(EEG) activity. Alzheimer’s patients in a relative early stage 
of the disease received WBV combined with varying standing  
positions on a platform (20 Hz at the start and every 2 weeks 
increased by 5 Hz, ending at 40 Hz). EEG activity increased  
significantly and was accompanied by a significant increase 
in cognitive performance of the participant31. Our own results 
with Alzheimer’s patients at a much later stage of the disease  
(sitting on a WBV platform; see 32 for the experimental design)  
did not show improvements in cognitive performance. This may 
suggest that WBV has potential for Alzheimer’s patients at an  
early stage of the disease only. Obviously, the many differences 
in the design of the study and the method to apply the vibrations  
make it difficult to generalize the impact of WBV on the brain. 
Nevertheless, finding an optimal setting (or settings) in which 
both components are fully utilized is a future goal in the WBV  
field.

The value of translational WBV research
Understanding the underlying (brain) mechanisms of WBV is 
a crucial step to optimize protocols. Which WBV settings are  
critical for a given study objective? Translational WBV research 
(positioning small rodents on a vibrating plate) provides a way 
to study the underlying mechanisms but only represent ~8% of  
publications. Of these studies, ~130 were done with rats and 
~60 with mice as subjects. Recent advances in the translational  
approach revealed evidence for both the exercise and the  
sensory WBV components, but few investigations examined  
the brain. Ample data are present showing the impact of WBV on  
targets related to the exercise component of WBV. Providing such  
an overview is beyond the scope of this review. Only a limited 

number of (systematic) reviews are available on translational  
WBV research, but those available are positive about the  
therapeutic potential of WBV. One older study reviewed WBV 
data from humans, mice, and rats, and the authors considered  
WBV as a potentially therapeutic aid with what they called  
“global ramifications”33. A more recent study reviewed the 
WBV findings on fracture healing in ovariectomized rats34. Their  
conclusion, based on nine selected papers, is that WBV can  
promote bone healing, mineralization, and maturity and restore 
mechanical properties of bones. What about the sensory (skin) 
component in relation to the brain? Using cerebral ischemia  
in rats, researchers found that a 4-week WBV intervention  
regulated several brain markers in the cortical areas35. Mice  
subjected to 30 Hz WBV (low amplitude for 5 weeks; 10  
minutes per day) showed an improvement in both memory and 
motor performance36. Brain analyses of mice following this 
type of WBV treatment revealed a significant increase in the  
activity of the cholinergic system37. A well-known role of the  
cholinergic system and its associated receptors is linked to  
attention38,39, and enhanced cholinergic activity is thought to 
contribute to the observed improvements in memory. Changed 
expression of neurotransmitters in the brain has also been  
found in an earlier study40 but in the context of long session 
duration (240 minutes). Long WBV sessions tend to eliminate  
positive effects on the brain36. A new insight is that the impact 
of WBV on the brain could also be mediated by the gut–brain 
axis. The role of the gut microbiome in regulating brain func-
tioning is a booming field of research since the appearance 
of the seminal paper by Cryan and Dinan in 201241. The  
relevance of a healthy microbiome for general health in humans 
is now eminent. A recent review provides an overview of the 
evidence and potential underlying mechanisms42. So far, two 
papers appeared examining the impact of (sonic) WBV on the  
microbiome. Song et al.43 demonstrated in both humans and 
mice that WBV affects the gut microbiome in terms of the  
diversity of the bacterial species present in certain areas of the 
gut. Yu and co-workers44 demonstrated a gut–microbial link  
between WBV treatment and the immune system in humans  
(both in the periphery and in the brain). The functional  
consequences of these findings cannot be determined easily  
owing to the complexity of both the gut microbiome and the 
gut–brain axis. WBV modulating the gut microbiome (possibly  
directly affecting the microbes) may nevertheless be an issue  
in future research related to microbial and inflammation-related  
disorders. In line with this, it was shown that WBV treatment  
could reduce the level of (neuro)inflammation in a stroke  
model using rats45.

The use of small rodents to understand human responses to 
WBV has also several limitations. For one, the rodents stand  
with four legs on the platform and cannot perform on  
command additional postures or combine it with exercise. 
They also possess vibration-sensitive whiskers used for tactile  
perception46, next to Meissner and Pacinian corpuscles in  
their paws. But a clear advantage is that they serve mankind as  
(genetic) models for many human diseases. Unravelling the 
underlying mechanisms of either beneficial or detrimental WBV  
effects remains of great value for human disease conditions and  
well-being.
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Conclusion
It is clear that WBV is a research area that is expanding. It has  
clear potential for medical applications, but the field could  
benefit from more standardized and personalized protocols. The 
use of translational research can facilitate this need. The field  
should tackle what could be considered the “Big Five” of 
WBV: vibration amplitude, vibration frequency, method of  
application, session duration/frequency, and total intervention 

duration. One step forward will be an update of the guidelines  
for reporting WBV studies. These new guidelines are currently 
in progress by a team of WBV experts, preceded by a Delphi  
study47 in which 56 researchers are involved. In addition,  
knowledge of the underlying mechanisms should advance  
further. Once these steps have been made, a much better  
estimate can be given about the true potential of WBV as a  
therapeutic intervention and its value as a medical application.

References Faculty Opinions Recommended

1.	 Horowitz	SS:	The universal sense: how hearing shapes the mind.	Bloomsbury	
Publishing,	USA.	2012;	320.		
Reference Source

2.	 Mortimer	B:	Biotremology: Do physical constraints limit the propagation of 
vibrational information?	Anim Behav.	2017;	130:	165–74.		
Publisher Full Text 

3.	 Endler	JA:	The emerging field of tremology.	In:	Crofort	RB,	Gogala	M,	Hill	PSM,	
Wessel	A,	editors).	Studying vibrational communication.	Heidelberg:	Springer;	2014;	
vii–x.	

4.	 Hill	PSM:	Vibration and Animal Communication: A Review.	Am Zool.	2001;	41:	
1135–42.		
Publisher Full Text 

5.	 Levänen	S,	Hamdorf	D:	Feeling vibrations: Enhanced tactile sensitivity in 
congenitally deaf humans.	Neurosci Lett.	2001;	301(1):	75–7.		
PubMed Abstract |	Publisher Full Text 

6.	 	Morishita	S,	Sai	K,	Maeda	S,	et al.:	Distribution of Pacini-Like Lamellar 
Corpuscles in the Vascular Sheath of the Femoral Artery.	Anat Rec (Hoboken).	
2018;	301(11):	1809–14.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

7.	 	Behler	O,	Uppenkamp	S,	Yasin	I:	Activation in human auditory cortex in 
relation to the loudness and unpleasantness of low-frequency and infrasound 
stimuli.	PLoS One.	2020;	15(2):	e0229088.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

8.	 Roudaut	Y,	Lonigro	A,	Coste	B,	et al.:	Touch sense: Functional organization and 
molecular determinants of mechanosensitive receptors.	Channels (Austin).	
2012;	6(4):	234–45.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

9.	 	Prsa	M,	Morandell	K,	Cuenu	G,	et al.:	Feature-selective encoding of 
substrate vibrations in the forelimb somatosensory cortex.	Nature.	2019;	
567(7748):	384–8.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

10.	 Abercromby	AFJ,	Amonette	WE,	Layne	CS,	et al.:	Variation in neuromuscular 
responses during acute whole-body vibration exercise.	Med Sci Sports Exerc.	
2007;	39(9):	1642–50.		
PubMed Abstract |	Publisher Full Text 

11.	 	Reynolds	RP,	Li	Y,	Garner	A,	et al.:	Vibration in mice: A review of 
comparative effects and use in translational research.	Animal Model Exp Med.	
2018;	1(2):	116–24.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

12.	 Griffin	MJ:	Vibration and human responses.	Chapter	1	In:	Handbook of Human 
Vibration.	Elseveier	Academic	Press,	London,	UK.	1990;	953.	

13.	 Alizadeh-Meghrazi	M,	Masani	K,	Popovic	MR,	et al.:	Whole-body vibration during 
passive standing in individuals with spinal cord injury: Effects of plate choice, 
frequency, amplitude, and subject’s posture on vibration propagation.	PM R.	
2012;	4(12):	963–75.		
PubMed Abstract |	Publisher Full Text 

14.	 Nelson	CM,	Brereton	PF:	The European Vibration Directive.	Ind Health.	2005;	
43(3):	472–9.		
PubMed Abstract |	Publisher Full Text

15.	 Rittweger	J:	Vibration as an exercise modality: How it may work, and what its 
potential might be.	Eur J Appl Physiol.	2010;	108(5):	877–904.		
PubMed Abstract |	Publisher Full Text 

16.	 Dionello	CF,	de	Souza	PL,	Sá-Caputo	D,	et al.:	Do whole body vibration exercises 
affect lower limbs neuromuscular activity in populations with a medical 

condition? A systematic review.	Restor Neurol Neurosci.	2017;	35(6):	667–81.	
PubMed Abstract |	Publisher Full Text 

17.	 	Bemben	D,	Stark	C,	Taiar	R,	et al.:	Relevance of Whole-Body Vibration 
Exercises on Muscle Strength/Power and Bone of Elderly Individuals.	Dose 
Response.	2018;	16(4):	1559325818813066.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

18.	 	Fischer	M,	Vialleron	T,	Laffaye	G,	et al.:	Long-Term Effects of Whole-Body 
Vibration on Human Gait: A Systematic Review and Meta-Analysis.	Front 
Neurol.	2019;	10:	627.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

19.	 	Alam	MM,	Khan	AA,	Farooq	M:	Effect of whole-body vibration on 
neuromuscular performance: A literature review.	Work.	2018;	59(4):	571–83.	
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

20.	 Ekimov	A,	Sabatier	JM:	Vibration and sound signatures of human footsteps in 
buildings.	J Acoust Soc Am.	2006;	120(2):	762–8.		
PubMed Abstract |	Publisher Full Text 

21.	 Nakamura	H,	Moroji	T,	Nohara	S,	et al.:	Activation of cerebral dopaminergic 
systems by noise and whole-body vibration.	Environ Res.	1992;	57(1):	10–8.	
PubMed Abstract |	Publisher Full Text 

22.	 Maikala	RV,	King	S,	Bhambhani	YN:	Cerebral oxygenation and blood volume 
responses to seated whole-body vibration.	Eur J Appl Physiol.	2005;	95(5–6):	
447–53.		
PubMed Abstract |	Publisher Full Text 

23.	 	Mahbub	MH,	Hiroshige	K,	Yamaguchi	N,	et al.:	A systematic review 
of studies investigating the effects of controlled whole-body vibration 
intervention on peripheral circulation.	Clin Physiol Funct Imaging.	2019;	39(6):	
363–77.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

24.	 	Choi	DS,	Lee	HJ,	Shin	YI,	et al.:	Modulation of Cortical Activity by High-
Frequency Whole-Body Vibration Exercise: An fNIRS Study.	J Sport Rehabil.	
2019;	28(7):	665–70.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

25.	 Regterschot	GRH,	van	Heuvelen	MJG,	Zeinstra	EB,	et al.:	Whole Body Vibration 
Improves Cognition in Healthy Young Adults.	PLoS One.	2014;	9(6):	e100506.	
PubMed Abstract |	Publisher Full Text |	Free Full Text 

26.	 Fuermaier	ABM,	Tucha	L,	Koerts	J,	et al.:	Good vibrations--effects of whole body 
vibration on attention in healthy individuals and individuals with ADHD.	PLoS 
One.	2014;	9(2):	e90747.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

27.	 Fuermaier	ABM,	Tucha	L,	Koerts	J,	et al.:	Whole-body vibration improves 
cognitive functions of an adult with ADHD.	Atten Defic Hyperact Disord.	2014;	
6(3):	211–20.		
PubMed Abstract |	Publisher Full Text 

28.	 den	Heijer	AE,	Groen	Y,	Fuermaier	ABM,	et al.:	Acute Effects of Whole Body 
Vibration on Inhibition in Healthy Children.	PLoS One.	2015;	10(11):	e0140665.	
PubMed Abstract |	Publisher Full Text |	Free Full Text 

29.	 Boerema	AS,	Heesterbeek	M,	Boersma	SA,	et al.:	Beneficial Effects of Whole 
Body Vibration on Brain Functions in Mice and Humans.	Dose Response.	2018;	
16(4):	155932581881175.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

30.	 Kaut	O,	Becker	B,	Schneider	C,	et al.:	Stochastic resonance therapy induces 
increased movement related caudate nucleus activity.	J Rehabil Med.	2016;	
48(9):	815–8.		
PubMed Abstract |	Publisher Full Text 

Page 7 of 9

F1000Research 2020, 9(F1000 Faculty Rev):619 Last updated: 17 JUN 2020

https://books.google.co.in/books?id=XZa_Un64YhMC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://dx.doi.org/10.1016/j.anbehav.2017.06.015
http://dx.doi.org/10.1093/icb/41.5.1135
http://www.ncbi.nlm.nih.gov/pubmed/11239720
http://dx.doi.org/10.1016/s0304-3940(01)01597-x
https://facultyopinions.com/prime/738078564
http://www.ncbi.nlm.nih.gov/pubmed/30294881
http://dx.doi.org/10.1002/ar.23934
https://facultyopinions.com/prime/738078564
https://facultyopinions.com/prime/737412387
http://www.ncbi.nlm.nih.gov/pubmed/32084171
http://dx.doi.org/10.1371/journal.pone.0229088
http://www.ncbi.nlm.nih.gov/pmc/articles/7034801
https://facultyopinions.com/prime/737412387
http://www.ncbi.nlm.nih.gov/pubmed/23146937
http://dx.doi.org/10.4161/chan.22213
http://www.ncbi.nlm.nih.gov/pmc/articles/3508902
https://facultyopinions.com/prime/735311474
http://www.ncbi.nlm.nih.gov/pubmed/30867600
http://dx.doi.org/10.1038/s41586-019-1015-8
https://facultyopinions.com/prime/735311474
http://www.ncbi.nlm.nih.gov/pubmed/17805098
http://dx.doi.org/10.1249/mss.0b013e318093f551
https://facultyopinions.com/prime/738078565
http://www.ncbi.nlm.nih.gov/pubmed/30891556
http://dx.doi.org/10.1002/ame2.12024
http://www.ncbi.nlm.nih.gov/pmc/articles/6388090
https://facultyopinions.com/prime/738078565
https://facultyopinions.com/prime/738078565
http://www.ncbi.nlm.nih.gov/pubmed/23102716
http://dx.doi.org/10.1016/j.pmrj.2012.08.012
http://www.ncbi.nlm.nih.gov/pubmed/16100923
http://dx.doi.org/10.2486/indhealth.43.472
http://www.ncbi.nlm.nih.gov/pubmed/20012646
http://dx.doi.org/10.1007/s00421-009-1303-3
http://www.ncbi.nlm.nih.gov/pubmed/29172012
http://dx.doi.org/10.3233/RNN-170765
https://facultyopinions.com/prime/737679693
http://www.ncbi.nlm.nih.gov/pubmed/30559636
http://dx.doi.org/ 10.1177/1559325818813066
http://www.ncbi.nlm.nih.gov/pmc/articles/6291875
https://facultyopinions.com/prime/737679693
https://facultyopinions.com/prime/736073461
http://www.ncbi.nlm.nih.gov/pubmed/31316447
http://dx.doi.org/ 10.3389/fneur.2019.00627
http://www.ncbi.nlm.nih.gov/pmc/articles/6611385
https://facultyopinions.com/prime/736073461
https://facultyopinions.com/prime/736073461
https://facultyopinions.com/prime/733220102
http://www.ncbi.nlm.nih.gov/pubmed/29733043
http://dx.doi.org/10.3233/WOR-182699
https://facultyopinions.com/prime/733220102
http://www.ncbi.nlm.nih.gov/pubmed/16938964
http://dx.doi.org/10.1121/1.2217371
http://www.ncbi.nlm.nih.gov/pubmed/1740092
http://dx.doi.org/10.1016/s0013-9351(05)80015-5
http://www.ncbi.nlm.nih.gov/pubmed/16177916
http://dx.doi.org/10.1007/s00421-005-0013-8
https://facultyopinions.com/prime/736350786
http://www.ncbi.nlm.nih.gov/pubmed/31278826
http://dx.doi.org/10.1111/cpf.12589
https://facultyopinions.com/prime/736350786
https://facultyopinions.com/prime/738078569
http://www.ncbi.nlm.nih.gov/pubmed/30222484
http://dx.doi.org/10.1123/jsr.2017-0012
https://facultyopinions.com/prime/738078569
http://www.ncbi.nlm.nih.gov/pubmed/24949870
http://dx.doi.org/10.1371/journal.pone.0100506
http://www.ncbi.nlm.nih.gov/pmc/articles/4065066
http://www.ncbi.nlm.nih.gov/pubmed/24587412
http://dx.doi.org/10.1371/journal.pone.0090747
http://www.ncbi.nlm.nih.gov/pmc/articles/3938804
http://www.ncbi.nlm.nih.gov/pubmed/25031090
http://dx.doi.org/10.1007/s12402-014-0149-7
http://www.ncbi.nlm.nih.gov/pubmed/26524188
http://dx.doi.org/10.1371/journal.pone.0140665
http://www.ncbi.nlm.nih.gov/pmc/articles/4629895
http://www.ncbi.nlm.nih.gov/pubmed/30574028
http://dx.doi.org/10.1177/1559325818811756
http://www.ncbi.nlm.nih.gov/pmc/articles/6299320
http://www.ncbi.nlm.nih.gov/pubmed/27671247
http://dx.doi.org/10.2340/16501977-2143


31.	 	Kim	KH,	Lee	HB:	The effects of whole body vibration exercise intervention 
on electroencephalogram activation and cognitive function in women with 
senile dementia.	J Exerc Rehabil.	2018;	14(4):	586–91.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

32.	 Heesterbeek	M,	Van	der	Zee	EA,	van	Heuvelen	MJG:	Passive exercise to improve 
quality of life, activities of daily living, care burden and cognitive functioning 
in institutionalized older adults with dementia – a randomized controlled trial 
study protocol.	BMC Geriatr.	2018;	18(1):	182.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

33.	 Prisby	RD,	Lafage-Proust	MH,	Malaval	L,	et al.:	Effects of whole body vibration 
on the skeleton and other organ systems in man and animal models: What we 
know and what we need to know.	Ageing Res Rev.	2008;	7(4):	319–29.		
PubMed Abstract |	Publisher Full Text 

34.	 	Chen	J,	Ruan	H,	Liu	Y,	et al.:	Therapeutic effects of whole-body vibration 
on fracture healing in ovariectomized rats: a systematic review and meta-
analysis.	Menopause.	2018;	26(6):	677–86.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

35.	 	Huang	D,	Yang	Z,	Wang	Z,	et al.:	The macroscopic and microscopic effect 
of low-frequency whole-body vibration after cerebral ischemia in rats.	Metab 
Brain Dis.	2018;	33(1):	15–25.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

36.	 Keijser	JN,	van	Heuvelen	MJG,	Nyakas	C,	et al.:	Whole body vibration improves 
attention and motor performance in mice depending on the duration of the 
whole-body vibration session.	Afr J Tradit Complement Altern Med.	2017;	14(4):	
128–34.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

37.	 Heesterbeek	M,	Jentsch	M,	Roemers	P,	et al.:	Whole body vibration enhances 
choline acetyltransferase-immunoreactivity in cortex and amygdale.	J Neuro 
Transl Neurosci.	2017;	5(2):	1079.		
Reference Source

38.	 	Schmitz	TW,	Duncan	J:	Normalization and the Cholinergic Microcircuit: A 
Unified Basis for Attention.	Trends Cogn Sci.	2018;	22(5):	422–37.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

39.	 Van	der	Zee	EA,	Platt	B,	Riedel	G:	Acetylcholine: Future research and 

perspectives.	Behav Brain Res.	2011;	221(2):	583–6.		
PubMed Abstract |	Publisher Full Text 

40.	 Ariizumi	M,	Okada	A:	Effects of whole body vibration on biogenic amines in rat 
brain.	Br J Ind Med.	1985;	42(2):	133–6.		
PubMed Abstract |	Publisher Full Text |	Free Full Text 

41.	 Cryan	JF,	Dinan	TG:	Mind-altering microorganisms: The impact of the gut 
microbiota on brain and behaviour.	Nat Rev Neurosci.	2012;	13(10):	701–12.	
PubMed Abstract |	Publisher Full Text 

42.	 	Mailing	LJ,	Allen	JM,	Buford	TW,	et al.:	Exercise and the Gut Microbiome: A 
Review of the Evidence, Potential Mechanisms, and Implications for Human 
Health.	Exerc Sport Sci Rev.	2019;	47(2):	75–85.		
PubMed Abstract |	Publisher Full Text | Faculty Opinions Recommendation 

43.	 	Song	N,	Liu	X,	Feng	Q,	et al.:	Whole Body Vibration Triggers a Change in 
the Mutual Shaping State of Intestinal Microbiota and Body’s Immunity.	Front 
Bioeng Biotechnol.	2019;	7:	377.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

44.	 	Yu	JC,	Hale	VL,	Khodadadi	H,	et al.:	Whole Body Vibration-Induced Omental 
Macrophage Polarization and Fecal Microbiome Modification in a Murine 
Model.	Int J Mol Sci.	2019;	20(13):	3125.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

45.	 	Raval	A,	Schatz	M,	Bhattacharya	P,	et al.:	Whole Body Vibration Therapy 
after Ischemia Reduces Brain Damage in Reproductively Senescent Female 
Rats.	Int J Mol Sci.	2018;	19(9):	2749.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

46.	 	Vaxenburg	R,	Wyche	I,	Svoboda	K,	et al.:	Dynamic cues for whisker-based 
object localization: An analytical solution to vibration during active whisker 
touch.	PLoS Comput Biol.	2018;	14(3):	e1006032.		
PubMed Abstract |	Publisher Full Text |	Free Full Text |  
Faculty Opinions Recommendation 

47.	 Wuestefeld	A,	Fuermaier	ABM,	van	der	Zee	EA,	et al.:	Towards reporting 
guidelines of research using whole-body vibration in human subjects – A 
Delphi consensus study.	PLoS One.	2020	in	press.	

Page 8 of 9

F1000Research 2020, 9(F1000 Faculty Rev):619 Last updated: 17 JUN 2020

https://facultyopinions.com/prime/734145428
http://www.ncbi.nlm.nih.gov/pubmed/30276178
http://dx.doi.org/10.12965/jer.1836230.115
http://www.ncbi.nlm.nih.gov/pmc/articles/6165986
https://facultyopinions.com/prime/734145428
https://facultyopinions.com/prime/734145428
http://www.ncbi.nlm.nih.gov/pubmed/30107789
http://dx.doi.org/10.1186/s12877-018-0874-4
http://www.ncbi.nlm.nih.gov/pmc/articles/6092789
http://www.ncbi.nlm.nih.gov/pubmed/18762281
http://dx.doi.org/10.1016/j.arr.2008.07.004
https://facultyopinions.com/prime/734656545
http://www.ncbi.nlm.nih.gov/pubmed/30562321
http://dx.doi.org/10.1097/GME.0000000000001285
https://facultyopinions.com/prime/734656545
https://facultyopinions.com/prime/738078574
http://www.ncbi.nlm.nih.gov/pubmed/28948448
http://dx.doi.org/10.1007/s11011-017-0113-2
https://facultyopinions.com/prime/738078574
http://www.ncbi.nlm.nih.gov/pubmed/28638875
http://dx.doi.org/10.21010/ajtcam.v14i4.15
http://www.ncbi.nlm.nih.gov/pmc/articles/5471459
https://www.jscimedcentral.com/Neuroscience/neuroscience-5-1079.pdf
https://facultyopinions.com/prime/732904933
http://www.ncbi.nlm.nih.gov/pubmed/29576464
http://dx.doi.org/10.1016/j.tics.2018.02.011
https://facultyopinions.com/prime/732904933
http://www.ncbi.nlm.nih.gov/pubmed/21295616
http://dx.doi.org/10.1016/j.bbr.2011.01.050
http://www.ncbi.nlm.nih.gov/pubmed/3970872
http://dx.doi.org/10.1136/oem.42.2.133
http://www.ncbi.nlm.nih.gov/pmc/articles/1007436
http://www.ncbi.nlm.nih.gov/pubmed/22968153
http://dx.doi.org/10.1038/nrn3346
https://facultyopinions.com/prime/735328806
http://www.ncbi.nlm.nih.gov/pubmed/30883471
http://dx.doi.org/10.1249/JES.0000000000000183
https://facultyopinions.com/prime/735328806
https://facultyopinions.com/prime/737110466
http://www.ncbi.nlm.nih.gov/pubmed/31850333
http://dx.doi.org/10.3389/fbioe.2019.00377
http://www.ncbi.nlm.nih.gov/pmc/articles/6895539
https://facultyopinions.com/prime/737110466
https://facultyopinions.com/prime/737110466
https://facultyopinions.com/prime/736074348
http://www.ncbi.nlm.nih.gov/pubmed/31247969
http://dx.doi.org/10.3390/ijms20133125
http://www.ncbi.nlm.nih.gov/pmc/articles/6651746
https://facultyopinions.com/prime/736074348
https://facultyopinions.com/prime/736074348
https://facultyopinions.com/prime/734019423
http://www.ncbi.nlm.nih.gov/pubmed/30217051
http://dx.doi.org/10.3390/ijms19092749
http://www.ncbi.nlm.nih.gov/pmc/articles/6164360
https://facultyopinions.com/prime/734019423
https://facultyopinions.com/prime/734019423
https://facultyopinions.com/prime/732904096
http://www.ncbi.nlm.nih.gov/pubmed/29584719
http://dx.doi.org/ 10.1371/journal.pcbi.1006032
http://www.ncbi.nlm.nih.gov/pmc/articles/5889188
https://facultyopinions.com/prime/732904096
https://facultyopinions.com/prime/732904096


 

Open Peer Review

  Current Peer Review Status:

Editorial Note on the Review Process
 are written by members of the prestigious  . They are commissioned andFaculty Reviews Faculty Opinions Faculty

are peer reviewed before publication to ensure that the final, published version is comprehensive and accessible.
The reviewers who approved the final version are listed with their names and affiliations.

The reviewers who approved this article are:
Version 1

The benefits of publishing with F1000Research:

Your article is published within days, with no editorial bias

You can publish traditional articles, null/negative results, case reports, data notes and more

The peer review process is transparent and collaborative

Your article is indexed in PubMed after passing peer review

Dedicated customer support at every stage

For pre-submission enquiries, contact   research@f1000.com

 Mario Bernardo-Filho
Departamento de Biofísica e Biometria, IBRAG, UERJ, Universidade do Estado do Rio de Janeiro, Rio de
Janeiro, Brazil

 No competing interests were disclosed.Competing Interests:

1

 Redha Taiar
University of Reims Champagne-Ardenne, Reims, France

 No competing interests were disclosed.Competing Interests:

2

Page 9 of 9

F1000Research 2020, 9(F1000 Faculty Rev):619 Last updated: 17 JUN 2020

https://f1000research.com/browse/f1000-faculty-reviews
http://f1000.com/prime/thefaculty

