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ABSTRACT. Jordan, M.J., S.R. Norris, D.J. Smith, and W. Her-
zog. Vibration training: an overview of the area, training con-
sequences, and future considerations. J. Strength Cond. Res.
19(2):459—466. 2005.—The effects of vibration on the human
body have been documented for many years. Recently, the use
of vibration for improving the training regimes of athletes has
been investigated. Vibration has been used during strength-
training movements such as elbow flexion, and vibration has
also been applied to the entire body by having subjects stand on
vibration platforms. Exposure to whole-body vibration has also
resulted in a significant improvement in power output in the
postvibratory period and has been demonstrated to induce sig-
nificant changes in the resting hormonal profiles of men. In ad-
dition to the potential training effects of vibration, the improve-
ment in power output that is observed in the postvibratory pe-
riod may also lead to better warm-up protocols for athletes com-
peting in sporting events that require high amounts of power
output. These observations provide the possibility of new and
improved methods of augmenting the training and performance
of athletes through the use vibration training. Despite the po-
tential benefits of vibration training, there is substantial evi-
dence regarding the negative effects of vibration on the human
body. In conclusion, the potential of vibration treatment to en-
hance the training regimes of athletes appears quite promising.
It is essential though that a thorough understanding of the im-
plications of this type of treatment be acquired prior to its use
in athletic situations. Future research should be done with the
aim of understanding the biological effects of vibration on mus-
cle performance and also the effects of different vibration pro-
tocols on muscle performance.
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vibration training

INTRODUCTION

he effects of vibration on the human body have

been documented for many years. In fact, a

drive along a rough road was once prescribed

for individuals suffering from kidney stones

due to the therapeutic effects of the bumpy ride (23).

Many positive effects of vibration on the human body

have also been reported in physiotherapeutic and clinical

settings in which vibration has been used for pain man-

agement and to elicit muscle contractions in spastic and

paretic muscles (2, 28, 30). At present, research is being

performed examining the use of whole-body vibration in
the treatment and prevention of osteoporosis (40).

Recently, the use of vibration for improving the train-

ing regimes of athletes has been investigated (5, 6, 7, 8,

26, 27, 30, 36, 40). Vibration has been used during

strength-training movements such as elbow flexion (6),

and vibration has also been applied to the entire body by

having subjects stand on vibration platforms (5, 8, 36). In
these instances, the vibratory wave is propagated from
distal to proximal links of muscle groups and the subjects
are often required to perform voluntary muscle contrac-
tions throughout the vibration exposure (26, 27, 36). The
application of vibration in this method has been shown to
increase electromyogram (EMG) activity during the ex-
posure to vibration (40). Vibration applied to the upper
extremities during a 3-week training period has been
shown to enhance gains in maximal strength in the seat-
ed row (26, 30) and in the postvibratory period, vibration
applied to the elbow flexors resulted in increased power
output during elbow flexion (6).

Exposure to whole-body vibration has also resulted in
a significant improvement in power output in the post-
vibratory period and has been demonstrated to induce
significant changes in the resting hormonal profiles of
men (8). In addition to the potential training effects of
vibration, the improvement in power output that is ob-
served in the postvibratory period may also lead to better
warm-up protocols for athletes competing in sporting
events that require high amounts of power output. All of
the above observations provide the possibility of new and
improved methods of augmenting the training and per-
formance of athletes through the use of vibration train-
ing.
In contrast with the literature on the positive effects
of vibration training, the negative effects of vibration on
the human body are also well documented and are most
often observed in the work place through exposure to
large vibration loads or chronic exposure to vibration (21,
22,43, 46). In this environment, exposure to vibration has
been shown to damage several biological structures, in-
cluding peripheral nerves, blood vessels, joints, and per-
ceptual function. Studies investigating the effects of vi-
bration on animals also report changes in endocrine func-
tion, cardiovascular function, respiratory responses, cen-
tral nervous system (CNS) patterns, and metabolic
processes (23). Based on research from the workplace
studying the physiological hazards of vibration load, stan-
dards have been developed to limit exposure to harmful
vibration (23, 24). However, although exposure standards
exist for the workplace, there are no standards to limit
exposure to vibration in the athletic environment, yet
sports such as alpine skiing, sailing, in-line skating, and
horse-back riding are known to have a significant vibra-
tion load (36). While it appears that exposure to vibration
may be more harmful than beneficial, it must be men-
tioned that the biological reaction to vibration is depen-
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FiGURE 1. Different vibration waveforms (23, p. 6).

dent on the frequency, magnitude, duration, and type of
vibration (23).

While vibration may be a potent stimulus for the neu-
romuscular apparatus, it is crucial that coaches and phys-
iologists have a general understanding of the effects of
vibration on the human body. The purpose of this review,
therefore, is to provide a general framework of under-
standing concerning the major factors and implications
surrounding vibration training.

AN OVERVIEW OF VIBRATION

Vibration is defined as oscillatory motion and the study
of human vibration is “a multi-disciplinary subject in-
volving knowledge from disciplines as diverse as engi-
neering, ergonomics, mathematics, medicine, physics,
physiology, psychology, and statistics” (23). In the human
environment, whole-body and or hand-transmitted vibra-
tion occurs in several instances, including motorized ve-
hicles (e.g., cars, trucks, motor cycles), marine ships (e.g.,
boats, submarines), aircraft, buildings, and from indus-
trial equipment (e.g., cranes, fork lifts). When an individ-
ual is exposed to vibration in these settings, the sensation
that is experienced varies considerably. In the above-
mentioned settings, the characteristics of the vibration
also varies. Vibration can vary according to the magni-
tude, which is determined by the size of the oscillation,
and by the frequency, which is determined by the repeti-
tion rate of the vibration. The waveform may be of a de-
terministic or random form. Examples of different wave-
forms of oscillatory motion are presented in Figure 1.
Typically in sport situations, vibration is of a random
form (e.g., the vibration experienced by an alpine skier
during a downhill event). In contrast, during whole-body
vibration training using commercially available vibration
platforms, the resultant vibration transmitted to the sub-

ject is of a deterministic, sinusoidal waveform. That is,
this form of vibration can be predicted from knowledge of
prior oscillations and it is repeated in an identical time
interval.

The frequency of vibration is measured in Hertz (Hz)
and is the main factor determining the biological effect of
the vibration (23). The magnitude of vibration can be rep-
resented either as the acceleration (i.e., g or m-s~2) or as
the displacement (i.e., mm, cm, m). Finally, the duration
of the exposure must be considered when evaluating the
potential effects of vibration on the human body (23).

B10LOGICAL INTERACTION WITH VIBRATION

Exposure to vibration affects several physiological sys-
tems, including the neuroendocrine, cardiovascular, mus-
culoskeletal, and sensory systems (23). For example, vi-
bration ranging from 1 to 20 Hz can cause blurry vision,
whereas vibration at frequencies between 20 and 70 Hz
can result in resonance of the eye (23). Vibration between
2 and 20 Hz may elicit a cardiovascular response similar
to that of mild exercise, and vibration at 120 Hz results
in an increase in fetal heart rate (23).

While vibration may have the potential to elicit a sub-
stantial training effect, it must be clearly understood that
exposure to vibration can have serious negative physio-
logical effects. However, the different characteristics of a
vibration waveform, including the amplitude, frequency,
and type of vibration, make it difficult to predict the exact
physiological response (23). The response also depends on
the intrasubject and intersubject variability. Some of the
factors that affect the intrasubject variability include the
orientation of the subject (e.g., sitting in moving vehicle
while facing forwards vs. facing sideways), the body po-
sition (e.g., sitting vs. standing), and the body posture
(e.g., stiff posture vs. relaxed posture). The intersubject
variability is affected by the size of the individual (e.g.,
children vs. adults), body dynamics (e.g., the amount of
power that can be absorbed by the body), age, gender, and
the psychological preparedness of the individual.

A review of all the different biological reactions that
occur in response to vibration is beyond the scope of this
document. In order to review the consequences of vibra-
tion training, it is more suitable to focus on the effects of
vibration on skeletal muscle and some of the potential
hazards associated with exposure to vibration.

Effects of Vibration on Skeletal Muscle

Vibration of a muscle stimulates the primary endings of
the muscle spindle (Ia afferents), which excites a-moto-
neurons, causing contraction of homonymous motor units,
and this results in a tonic contraction of the muscle, re-
ferred to as the tonic vibration reflex (2, 3, 10, 11, 14, 28,
32, 36). Electromyogram data have revealed that the ton-
ic vibration reflex has both a monosynaptic and a poly-
synaptic component (2). Further evidence demonstrating
the complexity of the tonic vibration reflex can be ob-
served in a decerebrate cat, as even in this condition, the
tonic vibration reflex can be elicited. The response of the
tonic vibration reflex is also dependent on the frequency
of vibration, the level of precontraction of the muscle, and
the position of the body (32, 38, 42).

During an exposure to vibration, the stretch reflex
and the Hoffman-reflex (H-reflex) are inhibited, and this
has been referred to as the vibration paradox—vibration
induces the tonic vibration reflex but inhibits the stretch



reflex and the H-reflex (17, 18, 34). This is due to presyn-
aptic inhibition of the Ia afferents of the muscle spindle,
which permits excitation of the pathways relating to vi-
bration and inhibition of the pathways responding to
stretch (18). The depression of the H-reflex has been
shown to be greater than the depression of the stretch
reflex, although the exact mechanism for this difference
has been difficult to identify. In the postvibratory period,
the stretch reflex displays a marked potentiation in con-
trast with the H-reflex that displays a gradual recovery
up to normal values over a period of about 100 seconds
(1, 39). The depression of the H-reflex during exposure to
vibration is greater as the amplitude of the vibration in-
creases at a constant frequency, but the depression re-
mains unchanged if the amplitude is constant as the fre-
quency of vibration increases (1).

Research also indicates that vibration compensates for
the reduction in motor output in a fatigued state when
the exposure is preceded by a prolonged maximal volun-
tary contraction (i.e., 4 minutes) (3). It has been hypoth-
esized that, in a fatigued state, vibration compensates for
the decreased y-motoneuron drive by exciting the Ia af-
ferents and this results in the reflexive excitation of the
a-motoneurons and greater force output.

The effects of vibration on skeletal muscle described
above are well documented. However, these effects do not
necessarily account for the benefits that are observed fol-
lowing acute and chronic administration of vibration
training. While these effects provide insight into the pos-
sible mechanisms that may explain these benefits, fur-
ther research must be performed to determine the phys-
iology underlying the effects of vibration training.

Physiological Hazards Associated With Vibration
Exposure

There is substantial evidence regarding the negative ef-
fects of vibration on the human body (23). The specific
physiological effects of vibration can be considered under
the following categories: (a) cardiovascular function, (b)
respiratory function, (c¢) endocrine and metabolic func-
tion, (d) motor processes, (e) sensory processes, (f) CNS,
and (g) skeletal changes. In animal studies in which high
magnitudes of vibration have been used, there are reports
of lung damage, gastrointestinal bleeding, and heart
hemorrhage causing death in the exposed animals. Some
reports on the more serious adverse affects from exposure
to large vibration loads include severe chest pain and gas-
trointestinal bleeding in an individual exposed to vibra-
tion of 10 and 25 Hz ranging from *=3 g to = 10 g (23).
Vibration-induced pathology also includes hypertrophy of
blood vessel walls, resulting in a narrowing of the arte-
riole lumen, damage to joints and bones, and neurological
disorders (20, 24).

Research from the workplace provides evidence on the
physiological hazards resulting from certain types of vi-
bration exposure. In these instances, workers may be ex-
posed to vibration for long durations or to large magni-
tudes of vibration for short periods of time. An example
of vibration-induced pathology is hand-arm vibration syn-
drome (HAVS), a disorder associated with excessive ex-
posure to vibration. HAVS is common in miners who op-
erate jack-leg-type drills (46). In these instances, miners
can be exposed to vibration for up to 3 hours per day.
Patients exhibiting HAVS present with neurological dys-
function in the hands and, in later stages of this disease,
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vascular dysfunction can occur. The incidence of disease
from exposure to vibration is a function of exposure time
(87). A study examining the prevalence of vibration-in-
duced pathology in a group of 266 chain-saw operators
found that subjects with less than 2,000 hours of exposure
reported symptoms of tingling, numbness, and mild pain;
those with 2,000-5,000 hours of exposure displayed cir-
culatory dysfunction, including Raynaud’s syndrome; and
those workers with over 8,000 hours of exposure to vibra-
tion suffered severely from functional and organic chang-
es (e.g., vertigo, irritability, sleeplessness, and other au-
tonomic disturbances) (37).

Along with damage to biological tissues, exposure to
vibration has also been shown to hinder proprioception
(15). It has been well documented that vibration applied
to tendons or muscles results in segmental kinesthetic
illusions (41). Immediately following an exposure to vi-
bration, spindle responsiveness is diminished. The post-
vibratory depression of spindle sensitivity lasts for only a
few seconds following vibration, but the disturbance in
proprioception can persist for up to a few minutes.

Several physiological hazards have also been associ-
ated with whole-body vibration (20, 22, 23). Whole-body
vibration has been shown to alter sensory motor control,
postural regulation, spinal reflexes, and cardiac and re-
spiratory rhythms (33). For example, whole-body vibra-
tion below a frequency of 1 Hz has been shown to induce
motion sickness in humans due to sensory mismatch (43).

Biomechanical models have also been developed to de-
scribe the effects of vibration stress on the human body
(19). Short-term exposure to whole-body vibration and vi-
bration exposure over several years may contribute to
low-back pain and other musculoskeletal injuries. Epi-
demiological studies provide evidence for an increased
risk of injury and disease mainly to the lumbar spine and
the connected nervous system as a result of long-duration
exposure to high-intensity, whole-body vibration (20).
Whole-body vibration of the type and magnitude pro-
duced by motor vehicles, airplanes, and construction have
been linked to low-back pain, and studies on animals
have suggested that vibration-induced changes in the
neurons of the dorsal root ganglion may be partially re-
sponsible for vibration-induced low-back pain (35).

Given the many risks associated with vibration expo-
sure, prudence is required when integrating vibration
training into the programs of athletes. While the expo-
sure time during vibration training is quite low in com-
parison with workplace exposures to vibration, most vi-
bration platforms are capable of exposing athletes to fre-
quencies and amplitudes of vibration that could result in
serious injury. In summary, the main factors that must
be considered to ensure the safety of the athletes engag-
ing in vibration training are the magnitude of vibration
(frequency and amplitude), the duration of exposure, and
the body position during the exposure. Careful prescreen-
ing measures for injuries that may be exacerbated by vi-
bration training should also be included in vibration-
training protocols.

VIBRATION TRAINING
Vibration Training, Equipment, and Parameters

Vibration training has been performed during upper-body
movements using pulley systems and during lower-body
movements using vibration platforms and vibration leg
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FI1GURE 2. Example of vibration training.

presses (5-8, 16, 26, 27, 30, 45). The investigations that
have evaluated the effects of vibration on the upper ex-
tremities have used pulley systems, whereby the cable
connected to the weight stack passed through a mechan-
ical system designed to impart a vibration onto the cable
(26, 27, 30). Investigations evaluating the effects of vibra-
tion on the upper body are less common, and this may be
due to the fact that vibration-training devices for the up-
per extremities are not readily available for purchase.
Reports evaluating the use of vibration platforms are
more common in the scientific literature and, to the au-
thor’s knowledge, vibration platforms are more widely
used in the strength and conditioning programs of ath-
letes (5-8, 16, 36, 40, 45). Squatting-type movements are
often performed on the vibration platform and this has
been referred to as whole-body vibration training. An ex-
ample of whole-body vibration training is illustrated in
Figure 2. Whole-body vibration training may require the
subject to maintain an isometric squat in varying posi-
tions (5-8) or the subject may perform squatting- and
jumping-type exercise with additional load (36).
Laboratory vibration platforms are often powered
with the use of a hydraulic apparatus that enables the
researcher to carefully control the vibration characteris-
tics (36). Most commercially available vibration platforms
are motor-driven systems that cause vibration with the
use of eccentric discs or off-centered motors. While the
mechanically driven vibration platforms are more afford-
able than the hydraulic systems, problems may exist with
the ability to tightly control the vibration amplitude and

frequency. This may pose experimental problems for sci-
entific investigations using commercially available plat-
forms.

Most commercially available vibration platforms have
a control mechanism for the vibration frequency and am-
plitude, which allows the vibration characteristics to be
adjusted. Typically, the vibration characteristics during
vibration training involve relatively low vibration fre-
quencies and small amplitudes of vibration. The scientific
literature reports ranges in vibration frequency from 25
to 44 Hz and ranges in amplitude from 2 to 10 mm. It
must be mentioned that, at the present time, the effects
of different vibration-loading parameters are not clearly
understood. This is reflected in the wide range of fre-
quencies, amplitudes, and durations of exposure used in
different scientific investigations.

BENEFITS OF VIBRATION TRAINING IN THE
GENERAL POPULATION

The interaction of the human body with vibration is com-
plex and, despite a risk for serious injury, certain types
of vibration possess healing effects and health benefits.
Vibration is used to help clear the lungs in patients with
respiratory problems, to improve mobility and muscle
function in athletes, to help those suffering from rheu-
matoid arthritis, to treat the stumps of amputated limbs,
and to improve muscle function in spastic and paretic in-
dividuals (2, 23).

An excellent example of the potential benefits of vi-
bration on the health of the general population is the in-
crease in bone mass that is observed after long-term ex-
posure to whole-body vibration, an effect that may be im-
portant in preventing osteoporosis (18, 25). A study eval-
uating the effects of whole-body vibration on the bone
mineral density of ovariectomized rats indicated that me-
chanical stimulation in the form of low-intensity, whole-
body vibration was effective in reducing postovariectomy
bone loss in rats (18). This observation may lead to ben-
efits for humans who are at risk for bone loss. Some of
these populations include postmenopausal women and as-
tronauts who are subject to zero-gravity conditions for
prolonged periods of time.

Effects of Vibration Training on Athletic Performance

In currently accepted training methodology, the devel-
opment of the physiological qualities that relate to the
expression of muscle force has been accomplished using
different types of strength-training protocols (31). This in-
volves the use of jumps, sprints, and exercises with added
resistance. It is possible that vibration training may be
an additional method for the development of the physio-
logical qualities related to muscle force production (5-8,
26-28, 36, 40).

Vibration training can be performed by applying vi-
bration to a limb or extremity using specially designed
pulley machines, but more commonly, it is used in the
form of whole-body vibration training. It has been pos-
tulated that vibration affects several factors related to in-
tramuscular coordination (30). As previously described,
vibration of a muscle activates the tonic vibration reflex,
which is evidenced by an increase in EMG of the vibrated
muscle during the exposure to vibration (36, 40). It is pos-
sible that the tonic vibration reflex may enhance volun-
tary muscle contractions and, when used in conjunction
with strength-training protocols, vibration may improve



neuromuscular training in athlete populations. An in-
crease in motor-unit synchronization is one of the expla-
nations offered in an attempt to account for the increase
in muscle force observed during vibration of a muscle.
Vibration training is also thought to increase the neural
drive to muscles and to recruit previously inactive motor
units (27). The increased recruitment of motor units is
thought to occur because of several neuromuscular chang-
es that occur during exposure to vibration, and through
the recruitment of these additional motor units, vibration
training may be beneficial in the development of muscle
power and maximal strength.

Vibration training does not appear to elicit a signifi-
cant cardiovascular response. A study comparing the ef-
fects of exhaustive whole-body vibration exercise in a
group of 40 healthy subjects with exhaustive cycle ergo-
metry demonstrated that there was a significantly small-
er increase in heart rate during vibration training (40).
Maximal oxygen uptake was also significantly lower dur-
ing vibration exercise compared with maximal cycling
and the mean blood lactate concentration was signifi-
cantly lower after the exhaustive vibration exercise. It
was concluded that exhaustive vibration exercise did not
have a significant cardiovascular effect and did not result
in a stimulating effect on the cardiovascular control sys-
tem.

AcCUTE EFFECTS OF VIBRATION TRAINING

Vibration training may be useful in an acute setting as a
neuromuscular warm-up in preparation for explosive ath-
letic events. Vibration training applied to the arms of 12
international-level boxers during elbow-flexion exercise
resulted in increased EMG during the exposure to vibra-
tion and a significant increase in mechanical power fol-
lowing the exposure to vibration, despite a concomitant
decrease in EMG (6).

In an acute setting, whole-body vibration training re-
sulted in a significant improvement in average force, av-
erage velocity, and average power during leg press in a
group of 6 female volleyball players (7). This effect was
also noted in a group of 14 male subjects, who displayed
a significant improvement in leg power and a concomitant
decrease in EMG after a 10-minute treatment with
whole-body vibration (8). In this investigation, whole-
body vibration also elicited a change in hormonal profiles.
Following the 10-minute vibration treatment, there was
a significant increase in growth hormone and testoster-
one and a significant decrease in cortisol over resting val-
ues.

In contrast with the reports of acute improvements in
performance following vibration, other investigations re-
port a decrement in performance or a negligible improve-
ment in performance (16, 45). De Ruiter and coauthors
performed an investigation evaluating the acute effects of
whole-body vibration training (16). It was found that
acute exposure to vibration did not improve performance
during the voluntary and involuntary muscle contrac-
tions. In fact, there was a 7% decline in force production
during the maximal voluntary contraction 90 seconds fol-
lowing the vibration treatment. The decline in force in the
maximum voluntary contraction was relatively larger
than the decline in force observed during the involuntary
contraction. This was reflected in a decrease in voluntary
activation from 95 to 90%. This finding indicates a decline
in neural activation (44).
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Chronic Effects of Vibration Training

Vibration-training research to date suggests that this mo-
dality of training may have the potential to elicit a long-
term training effect on strength and power (5, 26, 27, 36).
A 21-day training block of whole-body vibration training
resulted in substantial gains in strength and leg power
in a well-trained alpine skier (36). Following the 21-day
training block, force production measured on the isomet-
ric leg press increased by 43% over the initial value and
vertical jump also increased from 38.9 to 47.8 cm. Lie-
berman and Issurin evaluated the effects of vibration ap-
plied to the upper extremities and found that a 3-week
training period of vibration during the seated row result-
ed in an average increase of 49.8% in strength compared
with a 16.1% increase in strength for the training group
not exposed to vibrations (30). Finally, a 10-day block of
whole-body vibration training resulted in an improve-
ment in vertical jumping ability in 14 physically active
subjects (5). The subjects exposed to the 10-day vibration
treatment displayed a significant increase in jump height
during 5 seconds of continuous jumping and a smaller
improvement in jump height for the countermovement
jump. The control group did not show improvement in
jumping ability for either the 5 seconds of continuous
jumping or the countermovement jump.

Evidence for the greater overload on the neuromus-
cular apparatus that occurs as a result of vibration train-
ing was observed in a study examining the acute effects
of vibration during elbow flexion (30). Vibration applied
during elbow flexion resulted in a significant increase in
the 1 repetition maximum and subjects perceived their
effort to be less during the exposure to vibration com-
pared with the no-vibration condition. In addition to the
increased neuromuscular activation resulting from the
tonic vibration reflex, evidence also suggests that the in-
creased load lifted for a 1 repetition maximum during ex-
posure to vibration was obtained in part by the sensation
that the load being lifted was lighter than when not sub-
ject to vibration. A possible explanation for the decreased
sensation of effort during a 1 repetition maximum in el-
bow flexion observed in this study is that, during the ex-
posure to vibration, the increased activity of the Ia affer-
ents may have reduced the central feedforward element
making the force produced during exposure to vibration
feel like less force than during a normal contraction (12,
13). The problem in making this conclusion is that it is
difficult to quantify the degree to which the feedforward
element affects the perception of force during maximal
voluntary force production.

Based on the above findings, it is clear that vibration
training has the potential to elicit a training effect over
a 10-21-day mesocycle. The benefits to vibration training
may be a result of positive changes in neuromuscular
mechanisms (e.g., improved synchronization of firing of
the motor units and improved cocontraction of synergist
muscles), and an increased discharge from Ia afferents
and subsequent increase in EMG that occur during the
period of vibration. These effects on the neuromuscular
system may provide a greater overload than conventional
training alone, and thus vibration training may provide
a superior training effect over the long term.

CURRENT DEFICITS IN VIBRATION-TRAINING
LITERATURE

Currently, the scientific evidence on the benefits of vibra-
tion training is mixed. Evidence does exist in support of
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TABLE 1. A comparison of vibration characteristics between different vibration training investigations.

Frequency
Author (Hz) Amplitude Movement Timing of measurement Loading parameters
Bosco et al. (7) 26 10 mm Isometric squat on 1 leg  Immediate 10 X 1 min/1min rest
Bosco et al. (8) 26 4 mm Isometric squat Immediate 10 X 1 min/1lmin rest
Rittweger et al. (40) 26 15¢g Exhaustive exercise Immediate Continuous to
with additional load voluntary failure
and isometric squat
Torvinen et al. (45) 25-40 2 mm Multidirectional 2 and 50 min after 4 min
squatting movements treatment
De Ruiter et al. (16) 30 8 mm Isometric squat 1.5, 30, 60, and 180 5 X 1 min/1 min rest

min after treatment

the acute and chronic benefits of vibration training (5-8,
36), and there is also evidence demonstrating a negligible
training effect following vibration training and perhaps
even a decrement in performance (16, 40, 45). There are
several factors that must be considered in the interpre-
tation of the scientific evidence evaluating vibration
training. Two important factors that have the potential
to affect the outcome of vibration-training experiments
include the vibration protocol and the specific movements
that are tested following the vibration treatment.

VARIABILITY IN VIBRATION PROTOCOLS

The variability in the vibration-training protocols used by
different investigators may be an important reason for
the inconsistent results that are reported in the scientific
literature. The vibration protocols can vary in the vibra-
tion characteristics (i.e., frequency and amplitude) that
are used, the movement performed during the exposure
to vibration, the duration of the exposure, and the length
of time between the cessation of the vibration treatment
and the posttreatment measurements. Table 1 provides a
brief summary of some of the differences in the vibration-
training protocols reported in the scientific literature
used in investigations evaluating the acute effects of vi-
bration on performance.

As with all types of exercise designed to improve
strength qualities, the exact loading parameters must be
carefully determined, applied, and then controlled in or-
der to ensure that the desired training effect occurs. It is
likely that different vibration protocols would elicit dif-
ferent physiological effects and, as a result, the exact vi-
bration characteristics are of paramount importance
when evaluating and interpreting the results of an inves-
tigation on the effects of vibration training.

Evidence in support of the need to account for inter-
protocol differences in the vibration treatment can be ob-
tained in the basic science literature on vibration. First,
the position of the body during the exposure to vibration
and the degree of muscle contraction can affect the bio-
logical response to vibration (23, 29). The EMG response
in the shoulder muscles during exposure to vibration has
been shown to vary according to the position of the arm
and the level of muscle contraction (42). Second, the bio-
logical response, and specifically the tonic vibration re-
flex, is highly dependent on the frequency of the vibration
(23, 32). Third, the duration of the vibration exposure can
greatly affect muscle function. Evidence from an investi-
gation on the effects of prolonged exposure to vibration
suggests that, during a sustained maximal voluntary con-
traction of the dorsiflexors muscles, vibration counteract-
ed fatigue in the initial phase of its application but pro-

longed vibration accentuated fatigue as evidenced by a
large decrease in EMG activity (4).

In summary, based on the parameters represented in
Table 1, it is clear that vibration protocols used by inves-
tigators have varied according to the frequency, ampli-
tudes, duration of exposure, the type of exercise during
the exposure to vibration, and the timing of the posttreat-
ment measurements. It is also clear that all of these pa-
rameters have the capacity to greatly affect the biological
response to vibration and therefore the effects of vibration
training on performance.

Movement-Specific Effects of Vibration

In addition to the large potential that exists for the vi-
bration protocol to affect the outcome of vibration-train-
ing studies, it is also possible that vibration may elicit
movement-specific effects. While several investigations
have demonstrated a postvibratory improvement in dy-
namic and explosive activities (5, 7, 8), other studies have
demonstrated a deterioration or negligible improvement
in performance during isometric maximal voluntary con-
tractions (16, 40, 45).

While accurate comparisons between the results of
these different investigations may be troublesome due to
the large interprotocol variability that exists in the vibra-
tion treatment, it may be possible that the posttreatment
effects of vibration treatment would augment perfor-
mance only in explosive activity involving a stretch-short-
en cycle and not maximal isometric activity. Evidence in
support of this can be obtained from an investigation that
compared the effects of vibration on continuous jumping
and a countermovement jump (5). In this investigation,
10 days of vibration training resulted in an improvement
in jump height during 5 seconds of continuous jumping
in which the subjects were asked to minimize ground con-
tact time compared with a relatively smaller improve-
ment in jump height during one maximal countermove-
ment jump. In this instance, the 5 seconds of continuous
jumping involved a short stretch-shorten cycle, which
may have been more greatly influenced by the stretch
reflex and muscle stiffness. Further evidence in support
of a specific postvibratory improvement in explosive ac-
tivity is obtained from the basic science literature. There
is strong evidence that, in the postvibratory period, there
is a marked potentiation of the stretch reflex in the hu-
man plantar flexor muscles (1).

The interprotocol variation, which includes the vibra-
tion loading parameters and the movement that is used
to test the effects of vibration training, creates difficulties
when deciding on the viability of vibration training. This
further highlights the need for more research before vi-



bration training becomes a regular component of any
training regime.

FUTURE RESEARCH

Although several pathological conditions are associated
with exposure to vibration and that there are adverse ef-
fects on workers who are exposed to high levels of occu-
pational vibration, the severity of the symptoms that re-
sults is a function of the total exposure to and the intensity
of the vibration. While the duration of the exposure to vi-
bration is comparably less during vibration training than
in an occupational setting, the risk for injury is still high
if vibration training is used inappropriately. It is clear
from the occupational research that further investigation
should be performed in this area to minimize the risk of
serious injury to athletes engaged in vibration training.

Further research should also be undertaken to under-
stand the effects of different vibration protocols on perfor-
mance. The current scientific investigations on vibration
training use a wide range of vibration protocols and load-
ing parameters. Some studies required the subject to per-
form voluntary movements with extra loads; some re-
quired voluntary movements without loads; and in some
studies, the subjects stood in a static position on the vi-
bration platform. These performance studies also differed
in the frequency and amplitude of the vibration and the
length of exposure for the vibration treatment. None of the
studies offer a rationale explaining why one protocol is su-
perior to another; yet with all types of training, whether it
is strength training or cardiovascular training, it is imper-
ative that the volume, intensity, and duration of exposure
be controlled and manipulated, depending on the desired
outcome. Based on the fact that the tonic vibration reflex
is influenced by several variables, including the level of
precontraction in the muscle, the position of the body and
the vibration characteristics (i.e., vibration waveform, am-
plitude, and frequency) it is important that the effects of
these variables be further investigated and controlled dur-
ing performance studies on vibration training.

PRACTICAL APPLICATIONS

Vibration may be a potent stimulus for the neuromuscu-
lar system. However, the use of vibration as a training
modality to enhance the performance of athletes is still
in its early stages of development. It would appear, based
on the limited scientific evidence, that vibration training
may serve as a tool to develop explosive ability in athletes
in both acute and chronic training conditions. The bene-
fits of vibration training must be balanced with the po-
tential physiological hazards associated with exposure to
vibration. The following recommendations can be made to
coaches and physiologists interested in using vibration
training:

1. Carefully consider and review the current scientific ev-
idence evaluating the use of vibration training.

2. Carefully consider the appropriate vibration loading
parameters to ensure the safety of the athletes. Con-
sideration should be given to the vibration frequency
and amplitude, the duration of exposure, and the ac-
tivity performed during the exposure to vibration.
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