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Abstract Whole body vibration has received much attention as an innovative approach to exercise, lead ing to constantly
increasing attention fromthe scientific community. Previous research considering occupational vibration has illustrated the
risks associated with high levels of exposure to vibration; however during vibration exercise the exposure duration is much
shorter and therefore the potential complications must be reconsidered. This review brings together research from various
aspects of occupational vibration, clinical research and vibration exercise to address issues within the context of health and
safety with a particular focus on neurophysiological and neurovascular responses. The results indicate that peripheral nerve
and blood vessels are exposed to risks such as compression, shear stress and altered function as a response to vibration.
However, correct planning and implementation of exercise protocols should effectively control these risks. By summarising
the areas that have received attention an overview of potential complications will be achieved; with an understanding of

which factors prevent participation and those that simp ly require an amended approach to vibration exercise.
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1. Introduction

The past decade has seen the publication of a series of
reviews regarding whole body vibration (WBV), areas of
focus have included: effectiveness in physical therapy[1-5]
effectiveness in sport[5], muscle and bone health[6-8],
effectiveness and potential benefits[8-10] and correct use of
terminology[11]. However, while many of these reviews
have addressed different applications of WBV research
such as: muscle function, bone health, Parkinson’s disease
and effectiveness of WBV exercise per se. To the best of
the author’s knowledge, there has been no review paper
specifically concerned with health and safety issues of
WBYV exercise to date. Previously, as far back as the 1950’s,
the relationship between low back pain and vibration has
been reported[1, 12] subsequent to this there were a series
of large population studies of workers exposed to
occupational vibration during the 1980’s[13]. For an
effective analysis of the risks of vibration it is important to
first establish a distinction between passive, or occupational,
high exposure vibration and active, or training/exercise
vibration. The former is a consequence of a work
environment involving daily exposure over repeated hours
and days, the latter is short duration exposure (minutes per
week) as a consequence of a training or therapy regime.
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An understanding of this training or therapeutic
application is vital for safe and effective prescription of
vibration exercise. The aim of this review is to amalgamate
current literature on WBYV relating to the advantages and
potential complications not yet identified in previous
publications. In order to address these issues the application
and effects of WBV for clinical conditions and general
health promotion will be reviewed. The concept of
identifying complications for WBV in this review is based
around two approaches. Firstly to consider issues that have
arisen from vibration that have previously been reported
and secondly to address the issue of the exaggeration of
pre-existing conditions. The combination of these two
approaches will allow consideration of the implications and
contraindications of vibration used as an exercise modality.
Current WBV exercise equipment operates at a wide range
of frequencies, typically vibration equipment used for the
purpose of health and exercise will operate between a range
6-100 Hz and 0.3-16 g, which potentially can overlap with
the vibrations frequencies met during industrial exposure.
Therefore while the focus of this review is the relative risks
associated with WBV exercise; examples fromoccupational
vibration and pre-existing clinical conditions will be
included.

2. Research Methods

A search was conducted using the following electronic
databases: Google Scholar, PubMed and EBSCOhost. After
an initial database search, additional searching via follow up
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of reference lists and key authors was undertaken. Key
search words included: vibration and whole body vibration;
which were used in combination with nerve, muscle,
neuromuscular, neurophysiology, neuropathy, neurovascular,
vascular, syndrome, palsy and injury. Articles were checked
for relevant content and were included based on the
following criteria: 1. published in English; 2. conference
abstracts were excluded. 3. Article content should be related
to vibration or conditions caused by — or aggravated by
vibration.

3. Neurophysiological Considerations

The risks and consequences of occupational vibration
have been acknowledged and addressed by researchers and
government organisations, such as the UK’s Health and
Safety Executive, who provide information about the risks of
industrial vibration and exposure during work commitments.
This has been deemed necessary as both WBV and hand and
arm vibration can lead to Hand and Arm Vibration
Syndrome  (HAVS)  (http://www.hse.gov.uk/vibration/)
and/or debilitating conditions such as back pain. In addition,
there are various methods by which nerve injuries can occur
e.g. compression, traction, friction, often resulting from
repetitive forceful motions in awkward or unusual
positions[14] which are an integral part of sports activities,
particularly during learning stages and/or regular
participation that can be aggravated by vibration. Despite
this  the neurophysiological and neuromechanical
implications with regards to vibration during exercise have
still received scant attention. One area which has been
investigated is the risks involved with excessive vibration
during cycling. Regular cyclists, particularly those who
receive higher levels of vibration e.g. off road cyclists, are at
risk of upper limb compression neuropathy[15-18]. Nerve
injury is more frequently seen in the ulnar nerve than the
median nerve,[19, 20] with symptoms including weakness of
grip and occasionally numbness of the fourth and fifth
fingers[21]. Prevention or management of the condition, if
caught early, is relatively simple with recommendations
including: use of correct protective equipment (padded
gloves and handlebars), ensuring the correct set up of the
bicycle e.g. seat and handlebar positions, regularly changing
the position of hands whilst riding[22]. Wilmarth &
Nelson[19] performed a prospective study before and
immed iately after a four day 600 Km bicycle race and found
70% of the study participants experienced either upper limb
Ulnar nerve motor, sensory or both symptoms following the
race. These considerations are particularly relevant with the
current development of Power Plate Ltd’s new PowerBIKE
which has a vibrating mechanism. Of all the aetiological
factors considered, the most common for ulnar nerve
compression injuries is pressure on the heel of the hand
during vibration[20]. This obviously applies to other exercise
situations, such as during push ups where even performing
the exercise on a hard floor has been shown to cause ulnar
nerve injury,[23]. The presence of vibration, for example

when completing push ups with hands on a vibrating
platform, therefore increases the relative risk. This risk can
again be exaggerated if the hands also receive impact e.g.
during plyometric press ups, potentially leading to a
debilitating condition of the ulnar nerve known as
hypothenar hammer syndrome[21]. The Ulnar nerve is not
the only nerve at risk during vibration exercise. During push
ups participants are required to place their hands directly
upon the platform in a position similar to that of the

‘provocative positions’ which are positions which
exacerbate symptoms used in the clinical diagnosis.
Examples of provocative positions in carpal tunnel

syndrome are the “reverse Phalen’s manoeuvre” (see Figure
1

Figure 1. ReversePhalen's manoewre

where hands are held at shoulder height, wrist extended,
palms touching with fingers pointing to the ceiling and has
been shown to produce significantly higher carpal tunnel
pressures than the normal Phalen’s manoeuvre which is
flexed wrists with the backs of the hands placed together[24];
as this position is utilised for its ability to generate unusual or
uncomfortable sensations. When combined with vibration it
has potential to be an issue for carpal tunnel patients.
Another test is the carpal compression test or Durkan’s test
where direct pressure is placed upon base of the palm just
distal to the wrist[25] (see Figure 2).

v

Figure 2. Durkan's Test

The carpal compression test has been shown to achieve a
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sensitivity of 87%, and a specificity of 95%[26], again
confirming the risks of added pressure if the participant has a
pre-existing condition. Median nerve compression injuries at
the wrist are reported in athletes who perform repetitive
gripping or sustained wrist hyperflexion or hyperextension
or who are exposed to vibration[14].

It should also be noted that the most severe nerve injury
and structural changes (demyelination, interstitial and
perineurial fibrosis) occur just proximal to the wrists[27]. If
large diameter nerve fibres are affected prior to small fibres,
and as is often the case in carpal tunnel syndrome[28]; then
proprioceptive input will be reduced. In study considering
the outcome of 55 carpal tunnelrelease operations performed
due to vibration induced carpal tunnel syndrome,[29] found
that the level of exposure prior to operation influenced the
recovery after the surgery. These findings again confirmthat
neural structural changes occur in response to vibration.
When considering the neurophysiological basis for
nociceptive signals the gate theory suggested by[30] and
further refined by[31], suggests that there is a control system
atthe spinal level helping to modulate the signals transmitted
to the brain. Essentially signals from small and large
diameter fibres (noxious and non-noxious sensory signals
respectively) initially communicate with an inhibitory
interneuron within the spinal cord (see Figure 3).
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Figure 3. Representation of gate control theory of pain

These inhibitory interneurons alter the ratio of the final
ascending signal sent from the projection neuron. This
process therefore regulates the intensity of the signal

travelling up the spine to the brain. Consequently, if large
nerve fibres are less active, there is less inhibition of
nociception. In this instance it is said ‘the gate is open’ (see
Table 1 for examples of situations where the gate is open or
closed). Given that some pathological conditions (such as
peripheral neuropathies and carpaltunnelsyndrome[28] have
been shown to damage large nerve fibres prior to small nerve
fibres, this potentially explains one underlying mechanism
for some clinical populations finding vibration exercise
unpleasant. Although the concept that finding vibration
unpleasant should not be restricted to clinical population,[32]
reported most subjects felt uncomfortable after
approximately five minutes of WBV if they were not
allowed to change position. It should also be noted that when
considering the effect of vibration on peripheral nerves,[33]
suggested that the primary nerves affected by vibration white
finger were the small nerve fibres. As nerve conduction
studies displayed lower range sensory action potentials and
nerve biopsies illustrated that neuronal damage had to be
quite severe before large diameter nerve fibres were affected,
despite conclusions being based on a small sample group (n=
6), the findings must be considered. A lack of nociceptive
input decreases the effectiveness of the body’s protective
mechanisms. This was recently confirmed in a study by[34]
who tested a cohort of office and manual workers for effects
of combined hand/arm vibration on nerve conduction,
especially the conduction of the large diameter nerve fibres;
no relationship between exposure and distal neuropathy was
observed. While this would suggest that vibration induced
injury is unlikely to result in a condition that will further
‘open the gate’, it has clearly been shown that carpal tunnel
syndrome can result in increased pain levels. However, it
must also be considered that any condition which previously
resulted in damage to large nerve fibres has potential to
‘open the gate’.

Table 1. Factorsthat regulate spinal gate control

Gate open Gate Closed
Ad and/or C fibres Aa.or Ad a ctive
- Relaxation
active -
o Overuse Strengthe_,\nlr_\g/-
Physiological Fatigue Conditioning
Improper mechanics Monitored
Tired exercise
Rested
Extent of injury/ - —
M edical Pathological Co,\c/)llfr?gl;l:ﬁ:gtriln
condition 9
Focussing on pain Distraction
Anxiety /fear Relaxation
Cognitive Depression Happiness
Negative attitude Positive attitude
Stress Prior experience

Compiled from[35-37]
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Table 2.  Summary of key findings from neurophysiological studies which suggest vibration isan influencing factor

Author Publication date N Relevant points
Eckman 1975 3 Clinical case study of cyclists who developed ulnar neuropathy
Noth 1980 4 Clinical case study of cyclists who developed deep and distal ulnar neuropathy
Weiss 1985 132 Groin numbness and palma_rpaln or paresth_esms each o_ccurred in approximately 10%
or bicycle riders duringa 500 mile race
Wilmarth 1988 25 Sensory nerve conduction velocity of the ulnar nerve following cycling
Walker 1988 1 Clinical case study of ulnar nerve injury caused by push upson a hard surface
Hagberg 1991 a1 Level and intensity of vibration exposure influences recovery after carpal tunnel
surgery
Richmond 1994 Review Compression neuropathy, mpre commgn'ly-ulnarthan medlan,- is frequent but seldom
produces permanent injury or deficit if promptly recognized and managed
Goldsmith 1994 47 Primary nerves affected by vibration are small nerve fibres
Rittweger 2001 12 5 minsWBV resultsin most subjects feeling uncomfortable
Patterson 2003 25 Cyclist’s palsy occurs at high rates in both experienced and inexperienced cyclists.
Sandén 2010 155 No exposure-regponse association between hand-qrm wb’gtlon exposure and distal
neuropathy ofthe large myelinated fibres
Clinical case study describing pain reduction in diabetic small fibre neuropathy
Hong 2011 ! followingWBV

There is also potential that a change in the ratio of
peripheral stimulation results in ‘undue perception of
exertion[9]. It should also be noted that this process can be
beneficial in pain reduction if large nerve fibres are not
damaged or in neuropathies such as in diabetic small fibre
neuropathy[35]. Therefore, while gate theory has the
potentialto actas an underlying mechanism for perception of
a WBV experience, more studies considering the perception
of WBV exercise are needed. It is of interest to note that
while the potentially different frequencies of vibration
during exercise, compared to that of industrial applications,
in combination with reduced exposure time, might not
exaggerate pre-existing conditions; the process may be
uncomfortable for the participants. The key points from
these studies are summarised in Table 2.

4. Neurovascular Considerations

While generally neurovascular injuries in the hands of
athletes are rare[36], the relatively high occurrence resulting
from occupational exposure to vibration warrantsconsiderat
ion when introducing a participant to vibration exercise.

Vibration introduced to the human body, whether whole
body vibration or partial body vibration, potentially can
influence peripheral vascular structure and consequently
blood flow. One of the most common conditions resulting
from hand/arm vibration is Raynaud’s phenomenon (RP)
and/or its secondary form Vibration White Finger (VWF).
Both these are vasospastic conditions of the extremities for
which the greatest risk occurs at frequencies 40-125 Hz[37].
Much widely available recreational vibration equipment can
operate inside this range, therefore exposure risks further
vasospastic responses. Typically a vasospastic response, or
excessive constriction of a blood vessel, will result in local
pain, cyanosis (blue colour of the skin), pallor and altered
sweat secretion[18]. As peripheral sweat glands are under the
control of the sympathetic nervous system this suggests a
global response as opposed to a purely local response. This
hypothesis is strengthened by additional global responses to
upper limb vibration, such as an increased heart rate[38],
bilateral vasospastic responses to a unilateral hand vibration
exposure[39] and vasospastic responses in the feet resulting
from upper limb exposure to cold when assessing for
hand/arm vibration syndrome[40-42]. Palmer vibration has
also been shown to result in increased skin sympathetic
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activity in the region innervated by the tibial nerve and
increased perspiration of the sole of the foot[43]. The
responses have been attributed to both aglobal response viaa
centrally mediated sympathetic vasoconstrictor reflex and
local responses within the blood vessels themselves[38]. The
connection between cutaneous vibration receptors (Pacinian
corpuscles) and the sympathetic nervous system has
previously been identified as postganglionic sympathetic
fibres within Pacinian corpuscles[44]. The connection
between Pacinian corpuscles and sympathetic nervous
activity was further supported by[45] who reported a
constant relationship between vasospasms and the mean
threshold for Pacinian corpuscle activation. It has therefore
been suggested that continuous activation of Pacinian
corpuscles could resultin a ‘reflex efferent discharge causing
vasoconstriction’[39]. However, the resulting responses to
vibration have been attributed to both a vasoconstrictor
reflex and an active local vasodilatation, with both
mechanis ms competing against each other[38]. One potential
underlying mechanism influencing local vasodilatation is
local release of endothelial-derived relaxing factor (EDRF)
and prostacyclin[39]. The endothelium itself can be
considered a dynamic interface between the vascular
compartment and the extravascular space, acting in the roles
of assisting in the regulation of protein flux, infllmmatory
cells into tissues, blood flow and prevention of
thrombosis[46]. The release of EDRF can be stimulated by
shear stress in isolated blood vessel sections[47], which has
been confirmed by the fact that it has been shown that
segments of blood vessels which are more active, i.e.
experiences greater blood flow or changes in blood flow is a
more potent stimulus of EDRF release non changing low
flow[48]. As blood is a viscous liquid it is the principle cause
of shear stress on the endothelium, particularly the blood
which is contact with endothelial cell surface which does not
flow at the rate of blood centralto the blood vessels, however
unlike mechanical strain, shear stress is focussed on the
endothelium and not transferred to local tissues[46]. The
mechanical stresses within vasculature and the predicted
consequences have been mathematically modelled[49, 50]. It
has also been shown that as blood flow increases an
enhanced rate of prostacyclin release is observed[51].
Therefore it is conceivable that the endothelin-induced

release of prostacyclin results from increased shear stress [52].

The role endothelin-1 of has been investigated due to its
ability to produce sustained vasoconstriction, therefore
increasing shear stress and release of EDRF, however when
Endothelin-1 was introduced in the presence of a strong
vasodilator (which abolished the vasoconstriction) no
increase in EDRF was observed[52], which indicates that
shear stress not the presence of Endothelin-1 influenced the
increased release of EDRF. Based on these findings the
endothelium clearly has an important role in the response to
shear stresses, potentially by activating cell signalling
pathways which trigger effector responses, unfortunately to

date it not known if these responses are direct
mechanosensors i.e. they automatically respond to
stress/strain, or they are mechanosensitive i.e. they respond
to local signals produced in response to stress/strain[46]. The
effect of shearstresses on larger vascular structures have also
been investigated by assessing pulse wave velocity and
blood pressure at the ankles which can be used as predictor
of peripheral arterial stiffness. To completely differentiate
between peripheral and central arterial stiffness is
problematical, however it has been suggested that by
obtaining wave velocity and blood pressure recordings at the
ankles, peripheral influence would be greater[53]. The
findings indicated that changes in arterial stiffness reduced
circa 20 minutes after WBV exercise sustained for circa 40
mins. The authors suggested that potentially due to
vasodilatation via vascular endothelial function. This
hypothesis is supported by reports that vibration during
cycling resulted in an increase in the release of vascular
endothelial growth  factor (VEGF) and Matrix
metalloproteinases (endopeptidases) MMP-2  and
MMP-9,[54]. Although it should be noted that VEGF release
was related to the participants training status as greater
releases were noted in higher trained participants. It is not
known if this was due to an increased production of VEGF or
a release of increased stored levels of VEGF. It is possible
that these changes also occur due to increased shear stresses
as vibration during exercise has been shown to increase
blood flow[55-57] and increased tissue oxygenation
parameters[58, 59]. However, it should be noted that
although vasospastic responses to vibration have been noted
in the extremities; it has not yet been established if changes
in tissue oxygenation are in relation to increased blood flow
or to vasospastic responses in the feet.

A final point of interest is that shear forces in blood
vessels have also been shown to create mechanical risks
which researchers and practitioners should be aware of.
Two case studies have recently reported patients
presenting with uniocular drops in vision clinically
attributed to vitreous haemorrhage, the suspected cause in
both cases was WBYV. Bertschinger & Dosso[60] reported
the case of a 43 year old man who presented with a
uniocular drop in vision, the only reported change in recent
activity was the introduction WBV for a period of two
weeks prior to developing the condition. More recently it
has been reported[61] the case of vitreous haemorrhage with
localised posterior retinal detachment in a 52 year old male.
The patient presented with a uniocular drop in vision
following a single session of WBV. While the authors
acknowledge that causality cannot be categorically related
to WBYV, previous issues such as vitreous liquefaction has
been reported in workers using pneumatic drills[62]
indicating there is a need for caution, particularly if
interacting with people who have previously suffered from
this condition, and further research into this area. The key
points fromthese studies are summarised in Table 3.
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Table 3. Summary of key findings from neurovascular studies which suggest vibration isan influencing factor

Author Publication N Relevant points
date
Traumatic vasospastic disease is a chronic over excitation of the pacinian vibration receptors that
Hyv&inen 1973 43 produce spagtic reactions inthe vasculature through a reflex linkage with the sympatheticnervous
system
Kroemer 1989 Review Frequencies of 40-125 provide greates risk of vasospastic diseases in hands
Aulicino 1990 Review Neurovascular injuriesare rare inthe athlete. Modification of protective devices, alteration of
technique, and education may help avoid neurovascular problems described in this article
Sakakibara 1990 5 Vibration exposure ofthe handtriggers sympathetic activity in thetibial nerve innervating the
foot, and causes vasocongriction of the toe and perspiration on the sole of the foot
Sakakibara 1991 43 Hand -arm vibration syndrome affects circulation in the feet
Greenstein 1992 28 Unilateral hand vibration causes bilateral vasospastic responses
Sakakibara 1994 Review Anrterial pathological ch_anges like medial muscular hyper_tropr'\y have_: been observed in both the
fingers and the toes of hand-arm vibration patients
Egan 1996 34 Handvibration causes a generalised increase in sympathetic tone in the heart and extremities.
Workers using pneumatic drillsrisk vibration-induced pigment deposition in the trabecular
Mansour 2000 39 meshwork and vitreous liquefaction
In conclusion, the results support the contention that mechanical stimuli differentially influence
Suhr 2007 12 : . . . . -
factors involved in the induction of angiogenesis.
Otski 2008 10 WBV acutely decreases arterial stiffness
Bertschinger 2008 1 Clinical case study of spontaneous vitreous haemorrhage following WBV exercise
Gillan 2010 1 Clinical case study of spontaneous vitreous haemorrhage following WBYV exercise
House 2011 191 Workers assessed for HAVS frequently have cold-induced vasospasm oftheir feet
Studies using animals to establish underlying mechanisms for responses
Rubanyi 1986 Invitrotesting The release of EDRF can be stimulated by shear stress in isolated blood vessel sections
Pohl 1986 Anl(n;glg;udy Endothelial cells act as mediators of flow-dependent dilation
Wennmam 1991 Animal _study increase in blood flow facilitation ofthe _formatlon ofth_e endothelial mediators, EDRF,
(rabbits) prostacyclin and endothelin
Lamontaane 1992 Animal study EDRF formation may result fromthe high shear stress imposed onthe endothelial lining by the
g (rabbits) periodic diameter reduction and from the direct deformation of the endothelium.

implementation of exercise protocols should effectively
control these risks. It should be noted that many of the

5. Conclusions

Despite a history of vibration being viewed negatively, the
last two decades have seen a rise in the popularity and
effective use of vibration for health and recreation. While the
scope of this review includes many risk factors and areas for
concern, it should be noted that the aim is not to cast

dispersions ordiscourage the use of vibration during exercise.

While there is no doubt there are potential neuromechanical,
physiological and vascular issues, correct planning and

published studies are older than equipment currently in use
today, a consequence of technological progression which
provides the primary limitation of this study. The
amalgamation of research in this review was formed with the
aim of creating awareness about the need for safe and
effective application of vibration and how to avoid
exacerbating pre-existing conditions such as carpal tunnel
syndrome, ulnar neuropathies, vasospastic diseases and
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conditions of the eye such as vitreous haemorrhage. It is
recommended that further research and reviews such as this
are carried out for additional areas e.g. bone health; health of
synovial joints; cardio-respiratory system; metabolic and
endocrine systems in order for an effective pre-exercise
screening and questionnaire to be developed.
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