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Chapter 1 - Introduction
INTRODUCTION

Human reactions to vibration have been extensively investigated in the past.

[Dickmann, 1958; Dennis, 1965; Griffin, 1975; Griffin and Whitham 1976]

Vibration, as well as whole-body vibration, was commonly considered as an
occupational hazard and it has been highlighted for its detrimental effects on
human condition and comfort. It is normally associated with lower back
disorders [Bovenzi and Hulshof, 1999], muscle and nerve tissue damage
[Necking et al 1992], Raynaud’s Disease (vibration white finger) [Herrick,
2005] and interference with cognitive processes such as that required for

short-term memory. [Sherwood and Griffin, 1990]

Although vibration may produce undesirable side-effects, different studies
have shown the positive impacts of vibration upon the bone density of
postmenopausal women and disabled children [Rubin et al, 2004;
Verschueren et al, 2004; Ward et al, 2004], back pain [Rittweger et al,
2002b], stroke [van Nes et al, 2004], multiple sclerosis [Schuhfried et al,
2005] and muscle spasticity of cerebral palsy sufferers [Ahlborg et al, 2006].
Physiologists and physiotherapists have also been reported to use vibration
as a therapeutic intervention such as for clearing the lungs and improving

joint mobility.



A great part of the literature is however dedicated to the positive effects of
vibration when used as method for muscular stimulation and as an exercise

intervention (muscular training).

The aim of research has been the investigation on the positive effects that
the use of vibrations, in particular the effects of specific whole body

vibrations, may have on muscular activity.

THE EFFECTS OF VIBRATION

Vibration effects were initially investigated to study the actions of muscle
spindles [De Gail et al, 1966; Desmedt and Godaux, 1978; Marsden et al,
1969]. Indeed, localized, direct applications of vibratory stimuli to a single
muscle or a tendon where found to produce reactions of muscle spindles.[De

Gail et al, 1966; Marsden et al, 1969; Desmedt and Godaux, 1975 and 1978]

Local tendon vibrations induce activity of the muscle spindle la fibers,
mediated by monosynaptic and polysynaptic pathways and a reflex muscle
contraction known as the Tonic Vibration Reflex (TVR) arises in response to
such vibratory stimulus.[Roll et al, 1989; Bongiovanni and Hagbart, 1990;
Romaiguére et al, 1991; Person and Kozina, 1992; Martin and Park, 1997].

Whole body vibration training aims to mechanically activate muscles by
eliciting stretch reflexes and was initially proposed as a possible application

of the TVR to the entire body. [Torvinen et al, 2002]



The impact of whole body vibration (WBV) treatments on muscular activity,
neuromuscular, and postural control has been widely studied. The first
application of vibration in this field was conducted by Nazarov, which
demonstrated the efficacy of WBV in increasing muscle strength [Nazarov
and Spivak, 1885]. Then, the effect of WBV treatments has been evaluated
on subjects with different athletic conditions, age, sex, and according to
different exercise protocols [Abercromby et al, 2007; Cardinale et al, 2003,
Cesarelli et al, 2010; Hazel et al, 2007; Martin and Park, 1997; Petit et al,
2010; Torvinen et al, 2002].

Other research activities showed that the vibration stimulus produced
positive effects on bone mineral density [Belavy el al, 2011; Von Stengel et
al, 2011a,b] and human hormones [Cardinale et al, 2010a,b; Erskine et al,
2007; Kvorning et al, 2006]; whereas, its positive effect on patients with
Parkinson’s disease is still doubtful [Arias et al, 2009; King et al, 2009;
Turbanski et al, 2005]. Roelants [Roelants et al., 2006] studied the
electromyographic (EMG) responses of the rectus femoris, vastus lateralis,
and vastus medialis during static squat. They showed that EMG activity was
higher in the presence of vibration in all the muscle groups and in all
exercises. In agreement, Abercromby and colleagues [Abercromby et al,
2007] analyzed electromyographic signals on subjects performing static and
dynamic squat while on a vibration platform. They reported an increase in

the neuromuscular activation of the muscles during WBV exercises.

Other works have analyzed the rise in specific oxygen consumption (sVg;) in

the last seconds of the exercise [Rittweger et al, 2001 and 2002], when a



steady-state condition is reached, to provide an estimation of the
cardiorespiratory system activity. These studies are based on the assumption
that the sV, response is due to the increased number of muscle fibers (and
thus the increased muscle activity) activated by the vibrations [Martin et al,
1997; Person and Kozhina, 1992; Roll et al, 1989; Romaiguére et al, 1991]. In
fact, Rittweger et al. [Rittweger et al, 2001] reported that simple standing
and dynamic squats performed on a WBV platform increased sVo, compared
to the same exercise without vibration. Later, Rittweger et al. [Rittweger et
al, 2002] showed that the sVy, was increased when vibration frequency and
amplitude were increased. Similarly, after monitoring sVo, and heart rate
(HR) during and 24 hrs after a WBV exercise session and a second session
without vibration (NoV), Hazell and Lemon [Hazell and Lemon, 2011]

reported that sVg, was 23% higher during WBV training session.

MOTIVATIONS

Despite many studies on the effects of the vibrations applied to the whole
body (i.e. WBV), the findings in literature are not yet coherent. It is
important to point out that the studies presented in literature investigated
WBYV effects only on muscular activity by recording electromyographic signal
[Abercromby et al, 2007; Roelants et al, 2006] or on metabolic power by
monitoring the sVo, [Hazell and Lemon, 2011; Rittweger et al, 2001 and
2002] without standard protocol and using different exercise parameters.

The purpose of this study was to monitor simultaneously both signals in a
novel approach. We investigated the differences due to WBV effects on Vg,

and EMG between static and dynamic squat exercises. This was done to



identify the better exercise characteristics for improving neuromuscular
activation and progress in training efficacy. Monitoring Vo, throughout the
exercise and not just during the last seconds (sVg,) of the exercise (Rittweger
et al, 2001 and 2002) allows for analyzing the curves from the beginning of
the exercise in order to find out possible differences in the sVq, trend and

differences in how it is reached at steady-state.



CHAPTER 2 - WHOLE BODY VIBRATIONS
WHOLE BODY VIBRATIONS

Vibratory stimulations were investigated for their positive action in eliciting
muscle activity. Localized vibrations applied to tendons have been used for
studying the tonic vibration reflex (TVR), a reflex muscle response induced by
stretching action of the applied vibration. The change produced in the length
of the muscle is detected by muscle spindles and induces reflex and adaptive

responses. [Bongiovanni and Hagbarth, 1990]

Training with vibration extended to the whole body, that is Whole Body
Vibration (WBV), was initially proposed as a possible application of the Tonic
vibration reflex occurrence to the entire body. [Bosco et al, 1999b] Indeed, if
a localized vibratory stimulus produced elicited muscle activity, then whole
body vibration, if properly delivered, could obtain similar muscular activity in

all the body muscles.

The aim of WBV training (WBVT) is to mechanically activate muscles by
eliciting similar stretch reflexes that occurred for localized application of

vibration.

Nasarov, a Russian coach, was one of the first to apply vibratory stimulation
to help athletes in physical training. Vibrations were applied to the distal

muscles and then transmitted through the body chain to the proximal



muscles. He used a special device to generate vibrations at a frequency of
about 23Hz. Nasarov experiments highlighted the potential benefits of
training with vibration to muscular development and peripheral circulation

improvement. [Nazarov and Spivak, 1987]

Although literature has largely analyzed and documented the effects of WBV
in electing neuromuscular, metabolic and hormonal responses, the exact

mechanisms that are accountable for those effects are still unclear.

WBYV training is clearly different from localized vibratory stimulation; rarely
studies on WBVT monitored the local muscle stimulation (acceleration and
displacement) and accounted for motion artifacts presence on EMG

recordings.

However, it is important to understand the neuro-physiological mechanisms
involved in muscle activation under vibration stimulation in order to

prescribe safe and effective WBVT programs. [Cardinale and Wakeling, 2005]

PRODUCTION AND DELIVERY OF VIBRATION

Several methods of vibratory stimulation have been reported within the
literature, they can be divided by the nature of the vibratory stimulus: local
applied stimulus or whole body extended vibration.

Whole body vibration is the most common used method of delivering
vibration in the fields of exercise physiology and sport medicine for

enhancing human performance.



For this type of vibration stimulation, subjects stand on an oscillating plate
and vibratory stimulation can be applied by using vibrating platform with a
vertical or a rotational (side-to-side alternating) direction (Figure 1). These
two ways of applying the stimulus generate dissimilar mechanical behaviors

and hence they lead to a different neuromuscular response [Pel et al, 2009].

Figure 1: Methods of whole body vibration stimulation: alternating rotation (left) and

vertical oscillation (right) (Cardinale and Wakeling, 2005)

HUMAN RESPONSE TO WHOLE BODY VIBRATION

WBVT has been proposed in addition with classical resistance training for its

ability to increase the strength in the lower limbs.

Recent studies recommend WBVT as a possible therapeutic approach of
sarcopenia and osteoporosis. Although in the past, vibrations have been
studied largely for their possible harmful effects, recently it was highlighted
that WBVT may achieve safe and effective outcomes on the musculoskeletal,

endocrine-hormonal and cardiovascular system.



However, the results depend strictly on the stimulation protocol, which is
related to different parameters: the frequency and amplitude of the
stimulus, the duration of WBVT session, the physical conditions of the

subjects involved and the posture assumed on the platform.

In the next paragraphs the main aspects on the mechanism and hypothesis

on which these treatment are based are presented.

TONIC VIBRATION REFLEX

Within WBYV literature, tonic vibration response and/or the tonic vibration
reflex (TVR) are acronyms used to describe the neuromuscular effects of

localized vibration.

TVR is a sustained contraction of a muscle subjected to vibration. The
application of mechanical vibration to the muscle or tendon elicits a reflexive
contraction and the reciprocal inhibition of its antagonists [Eklund and

Hagbarth, 1966]

The TVR occurred when vibration is applied to the muscle belly or tendons
and is closely related to the stretch reflex (figure 2); 30-100 Hz vibration
activates receptors of the skin, tendons and, most importantly, muscle
spindles. [Cardinale and Lim, 2003; Issurin et al, 1996; Lebdev and Polyakov,
1992]
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Figure 2: lllustration of the stretch reflex

Muscle spindle discharges are sent to the spinal cord through afferent nerve
fibers, where they activate monosynaptic and polysynaptic reflex arcs

(stretch reflex), causing the muscle to contract.
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Figure 3: Potential mechanisms for vibration-induced neuromuscular effects (adopted from Cardinale
and Bosco, 2003)
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In WBV other receptors are stimulated. In addition to the neuromuscular
spindles and the Golgi tendon organs, skin, joints and ligaments receptors
are also stimulated (Pacinian and Meissner corpuscles, type Ill and IV nerve

endings). (Figure 3)

THE MUSCLE TUNING HYPOTHESIS

There is evidence to suggest that the body is capable of tuning its muscle
activity in order to reduce the vibrations that are passing through the soft

tissue that may produce a detrimental effect [Nigg, 1997].

The amount of muscle activity required is dependent on the level of
vibration, where maximal muscle activation can reduce or purge oscillations

within the tissues.

Everyday activities such as walking, running and jumping result in impact
forces, from the collision of the heel with the ground, producing vibrations of
10-20 Hz to the lower limbs [Wakeling and Nigg, 2001], where an input
signal from the impact force produces muscle activity or ‘tuning’ response to

reduce soft tissue vibrations.

This activation or tuning supposedly occurs shortly before the heel strikes
the ground [Nigg, 1997]. Consequently, muscle tuning relies on three
components: i) the frequency and amplitude of the input force, ii) the

vibration resonance of the soft tissue and iii) the level of muscle activity.



Therefore, damping vibration will depend on the individual’s neuromuscular
(muscle spindle) response, the sensitivity of joint and skin receptors, the
proportion of muscle fiber types and viscoelastic (stiffness) elements

[Bazzett-Jones et al., 2008].

In summary, impact forces create vibrations in the foot where the vibrations
travel through the lower limb musculature. To prevent resonance, soft
tissues damp the vibrations, which cause sensory organs to send impulses to
the central nervous system to increase muscle activity and adjust joint

stiffness.

Evidence for muscle tuning was presented by increased gastrocnemius and
biceps femoris activity along with corresponding muscle damping. [Wakeling

et al., 2003]

Vibration damping has also been highlighted during human walking.

[Wakeling et al, 2003]

ACUTE AND CHRONIC EFFECTS OF VIBRATIONS

The effects of whole body vibration can be divided in two main categories:
Acute and Chronic. Acute are named the effects that appear during the
treatment (e.g. EMG increase) and after a short period of time (few days).
Chronic effects are generally intended the outcomes of prolonged WBV

exposures.



Acute Effects
The acute beneficial effects of WBV (that is, following a single session of

WABYV) are less convincing than long-term effects.

It appears that strength, power and balance may be increased [Bosco et al.,
1999 and 2000; Torvinen et al., 2002a], decreased [deRuiter et al., 2003] or
remain unchanged [deRuiter et al., 2003; Gerodimos et al., 2010; Torvinen et
al., 2002b] depending on the exercise volume and intensity while flexibility

may be improved [Gerodimos et al., 2010].

Surface EMG analyses in different studies demonstrate a significant increase
in muscular activity; some study reports that the EMG increase is frequency

dependent. [Bosco et al, 1999; Cardinale and Lim, 2003]

Acute effects on muscular activity are also supported by increased metabolic
activity, and even an improved circulation in the target muscles. [Bosco et al,

2000; Rittweger et al, 2001]

Even if metabolic activity is increased it appears to have little effect on fat
mass.[Roelants et al, 2004] A study, combining squatting exercise with
additional load of 35-40% of bodyweight and WBV stimulation, reported the
oxygen consumption to increase up to 50% of maximal oxygen uptake

[Rittweger et al., 2002a]



Variation of frequency and/or amplitude have been found to vary oxygen

consumption and in turn energy expenditure. [Rittwegeret al, 2001]

These findings, however, have been contradicted by other work that
exposed untrained individuals to five times one minute WBV exposures (30
Hz; 8mm; 284.3 m s?) and two minute rest periods.[de Ruiter et al, 2003].

This study also showed the knee extensors to have a reduced ability to
perform maximal voluntary contractions up to 60 minutes after static squat
WBV.[de Ruiter et al, 2003] Similarly, participants described as non-elite,
failed to show acute improvements in vertical jump height after experiencing
five times two minute exposures, separated by 40 second rest periods, at a
frequency of 26 Hz and amplitude of 5.5 mm (maximum acceleration = 146.8

m s?) [Cochrane et al, 2004]. It is unclear why these differences occurred.

As demonstrated, several studies have analyzed the acute effects of WBVT
on neuromuscular performance; however it is difficult to find agreement in
findings. EMG analysis, indeed, were often made only by the use of concise
parameters (i.e. root mean square) a rarely accounted for the presence of
motion artifact on surface electrodes. WBV amplitude also impacts upon the

acute response.

Chronic Effects

As well as research on WBV acute effects, research on prolonged WBV
treatments has shown opposite or inconsistent results. A repeated exposure
to WBVT over 10 days produced increases in power output and vertical jump

height, 6% and 12% respectively.[Bosco et al, 1998]



Nevertheless, in another group of physically active individuals, six WBV
sessions over two weeks do not have revealed improvements in knee

extensor strength. [de Ruiter et al, 2003]

Performing two months of static and light dynamic exercises while exposed
to WBV, an untrained group, improved knee extensor strength and counter
movement jump height by 7.8% and 2.5% respectively. However, the further
two months of treatments, did not revealed differences between the WBV

and control group for either performance measure [Torvinen et al, 2002a].

WBVT effects have been also incongruous in longer term research.

A comparison between the combination of WBV with dynamic exercise and
traditional resistance training alone was completed, in untrained individual
groups, after a 12-week period. Results have shown similar improvements in
knee extensor strength occurred for both groups but countermovement

jump improved in the WBV group only. [Delecluse et al, 2003]

In a study lasting eight-month period using the same exercise protocol,
untrained individuals improved vertical jump height by 7.8% more than a
control group, but failed to show any change in knee extensor strength.

[Torvinen et al, 2003].



WABYV exercise in the static squat position over 11-weeks has demonstrated
no change in knee extensor strength and counter movement jump height.

[de Ruiter et al, 2003]

HORMONAL RESPONSE

Among acute and chronic effects of training with WBV, some studies have

also suggested significant effects on endocrine system.

Applications of vibration to the whole body indeed have been found to
change the production of testosterone, cortisol and growth hormone. [Bosco

et al, 2000]

Vibratory stimulation, making quick changes in the length of muscle and
tendon leads to a complex reflex response. The activation of specific
afferents has proved able to modulate growth hormone production.
Experiments on rats have also shown how vibrations may be able to elevate

serotonin levels (5HT) and 5-HIAA in the brain.

NOMENCLATURE

As evidenced in the text, although the consistent number of study on WVBT

the effectiveness of vibration as a method for muscular stimulation seems to

be still unclear.



Among others, one possible reason has also been found in the lack of
nomenclature standardization. [Lorentzen et al, 2008] The lack of
standardization makes difficult to replicate experiments among researchers

leading to misinterpretation of the phenomena.

The main aspects on which the literature shows higher discrepancy are:
nomenclature used for reporting vibration magnitude and the methods to
compute the maximum acceleration impressed by the platform. Vibration
frequency appears instead to be accurately and clearly reported in literature,

measured in oscillation per second (Hz).

Magnitude of Vibration

Magnitude is one of the variables of the WBV treatment.

As well as the other parameters it has to be reported clearly. Magnitude has
been associated with displacement, amplitude, peak to peak displacement.
[Lorentzen et al, 2008] As a paradox, in one study only the vibration

frequency was reported making it impossible to replicate [Rgnnestad, 2004].

In the case of vibration, amplitude is the maximum displacement of a
vibrating point from a mean position, while peak-to-peak displacement is
used to describe the total vibration excursion of a point between its positive

and negative extremes (see Figure 4).
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distarice —»
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Figure 4: Frequency, amplitude and peak to peak displacement of a vibrating object (adopted from
CCOHS)

The movement of tilting and vertical oscillating platform can be assumed

sinusoidal:

s(t) = A sin (2mft)

where f is vibratory frequency, A is the amplitude.

In vertical oscillating platforms all the points will move approximately at the

same way; they will have the same peak to peak displacement and the same

maximal amplitude.

However, in tilting oscillating platform it is difficult to deduce the real
acceleration or displacement to which the subject undergoes. As shown in

figure 5 feet distance from the rotation axis vary the magnitude of the



stimulus delivered to the patient as well as the acceleration. It can be

computed as the double derivatives of s(t):

a(t) = ”:E” — AQrf) sin(r fi)
=

_______

A=5mm

«g}— 200 mm —Pp»

Figure 5: Explanation of the variation in peak to peak displacement of fixed points of the
platform depending on their distance from the axis

Practices in reporting amplitude, displacement and peak-to-peak
displacement vary so widely that it is really important to establish specific
guidelines in an attempt to gain consistency across studies. [Lorentzen et al,

2008]

Acceleration
As previously mentioned, in WBV literature the methods to report
acceleration impressed by the platform have shown a similar range of

inconsistency as that reported for amplitude. [Lorentz et al, 2008]

Acceleration in not always reported as peak (maximal) acceleration.



Acceleration depends on frequency and amplitude of the vibration (formula

2) and the maximal value (peak) can be easily computed by:

Amax = A(an)z

Gravitational forces then, can be obtained by dividing the maximal

acceleration by gravity g (9,81[m][s?]).

Therefore, an amplitude of 2 mm and a frequency of 20 Hz will produce a

peak acceleration of am., = 31.55 [m][s™].

Table 1 shows some example of estimated maximal accelerations as a function of frequency and amplitude.

Amplitude | Frequency | Acceleration
[mm] [Hz] [m][s]”
1 10 3.94
2 10 7.89
1 20 15.78
2 20 31.55
1 30 35.49
2 30 70.99
1 40 63.10
2 40 126.20




Acceleration (maximum), amplitude and frequency are therefore the basic
parameters to be reported in vibration studies. The use of the maximal
acceleration will demonstrate to the reader the real vibration intensities that
are applied to the individuals, making similarity in results to be accurately

made.

NOMENCLATURE RECOMMENDATION

After a concise analysis of the terminology used to report all the variables
characterizing vibratory treatment, Lorentzen et al. 2008 proposed a

nomenclature recommendation.

Recommendations suggest the amplitude to be reported as the maximum
displacement from the plate's horizontal position (peak to peak

displacement).

In case of using tilting platforms precise position of anatomical landmark of

the foot, such as the middle toe, should be measured.

Clearly, each of the studies should report the amplitude, frequency and

maximal acceleration.

”Acceleration max or gravity more accurately indicate the forces being
imposed on the human body during whole body vibration and should

therefore be reported by all studies" [Lorentzen et al, 2008]



HEALTH RISKS ASSOCIATED WITH WHOLE BODY VIBRATION EXPOSURE

Whole body vibration exposure has often been associated with health risks.
Prolonged exposure to vibration, increases the risk of cognitive changes,
acrophobia, low back trouble, visual limitations and epilepsy, among other

things. [Mester et al, 1999]

Vibration is believed to be an occupational risk factor that may induce
adverse effects in trucks drivers , fork-lift trucks, tractors, cranes, helicopter
pilots [Bovenzi and Hulshof, 1999] and subjects who operate hand held
machinery. [Bovenzi et al, 2000] Amplitude and frequency of the vibration
also play a key role in the possible risks of prolonged exposure to vibration.
The body’s strategy in response to such vibration frequencies is to attenuate
the vibration as much as possible to prevent discomfort. 1ISO 2631
establishes the discomfort level for vibration exposure of less than 30
minutes, at 0.4 g at 30 Hz. It is worth mentioning that the resonance

frequencies of vital organs range from 5 to 20 Hz.

Nevertheless, whole body vibration research has typically used accelerative

forces exceeding these loads (see table 1).

The literature has documented some minor side-effects in response to WBV
exposure. Erythema and edema of lower limbs were reported as common
side-effects  probably due to the occurrence of vessels
vasodilatation.[Crewther et al, 2004; Rittweger et al, 2000; Kerschan-Schind|

et al., 2001] Hip and knee pain, discomfort from the vibration induced head



motion have also been reported. High amplitudes, such as 5-6 mm may
induce severe accident to the participants. [Crewther et al, 2004; Roelants et

al, 2004; Russo et al., 2003]

We here remember that for such amplitude (5-6 mm) and a frequency of 30

Hz stimulation the accelerations can reach values around 200 m s™.

Although, not only these studies utilized these intensities with untrained
individuals, it was concluded that frequency and amplitude combinations
that produce large g-forces should be cautiously applied. [Crewther et al,

2004].

Other studies reported the effects at specific frequencies, such as faintness

at 27 Hz and "sea-sickness” feeling at 17 Hz. [Rubin et al, 2004]

In older adults, the most typical side effect has been transient itching,
tingling and erythema of the feet and lower legs. [Bruyere et al, 2005; Russo

et al, 2003]

Reports of back and groin pain that has precluded participants from

continuing the treatment. [Roelants et al, 2004; Bautmans et al, 2005]

Knee pain has also been reported in participants with pre-existing
osteoarthritis, subsiding after several days of rest. [Roelants et al, 2004;

Russo et al, 2003]



HUMAN RESONANCE

When considering the adverse effects of WBV, human resonance should be
considered. The complexity of the human structure, and the anthropometric
human characteristics, implies that there are different resonant frequencies

[Randall et al, 1997].

Studies have reported varying resonant frequencies during standing posture
ranging between 5.5 to 15.7 Hz [Matsumoto and Griffin, 1998; Randall et al,
1997). Individuals may have one main resonant frequency [Harazin and
Grzeik, 1998] but may also have resonant peaks at other frequencies
[Matsumoto and Griffin, 1998]. Height, weight and gender have been

demonstrated to bear no relationship with resonance [Randall et al, 1997].

Exposure to frequencies at human resonance increases the transmissibility of
vibration, increasing the forces transmitted through some body parts and
potentially causing a pathogenic response. In the erect and relaxed standing
postures, transmissibility at the hip has been demonstrated to exceed 100%
at frequencies lower than 20 Hz [Rubin et al, 2003]. Research with the
elderly has been performed within the reported ranges of human resonance,

without causing detrimental effects [Bruyere et al, 2005].

NATIONAL AND INTERNATIONAL GUIDELINES

It is now widely accepted that prolonged and regular exposure to vibration

can have a detrimental effect on an operator's health.



Regulation and guidelines on vibration exposure have been therefore issued
during years in a converging way among different countries. The main aims
on which law concentrate are “Whole Body Vibration” and “Hand-Arm

Vibration Syndrome”.

As reported by Legislative Decree 187/05 we can define:

e Whole body vibration: "the mechanical vibration that, when
transmitted to the whole body, entails risks to the health and safety of
workers, in particular lower- back morbiditiy and trauma of the spine"

® Hand-arm vibration: "the mechanical vibration that, when transmitted
to the human hand-arm system, entails risks to the health and safety
of workers, in particular vascular, bone or joint, neurological or

muscular disorders".

Hand-arm vibration syndrome (HAV or vibration white finger) is a
widespread hazard for employees in many indust