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Foreward by Professor
Martha R. Hinman

The influence of new technology on the practice of physical therapy
and sports medicine continues to challenge our ability to scientifically test
the efficacy of products designed to enhance physical performance. Whole
body vibration (WBV) equipment is one example of this new technology.
Although it is difficult to estimate the current number of companies that
market WBV equipment, the number has grown exponentially in recent
years; a Google™ search will produce close to 150,000 web sites, depend-
ing on the search terms used. Skeptics of WBV claim that this just another
fitness fad, while other critics cite the ‘unproven claims” made by WBV
manufacturers who are hoping to cash in on consumer demands for new
cures to old health care problems.

Over the past 5-10 years, I have received hundreds of phone calls and
e-mails from individuals worldwide who are seeking health care advice
on the benefits of WBV for conditions ranging from motor weaknesses to
osteoporosis to autism. Unfortunately most health care professionals, like
myself, are faced with more questions than answers when it comes to
WBYV exercise. Thus, these authors have helped to fill this information
void by providing the first in-depth analysis and synthesis of the growing
body of research on whole body vibration. They have coupled the results
of numerous published studies with their own vast experience to provide
an overview of the biomechanical and physiological effects of whole body
vibration, as well as training guidelines to address a variety of physical
impairments and functional goals. Whether your professional background
is in sport science or rehabilitation, you will find evidence-based treatment
parameters for improving muscle strength and power, soft tissue flexibil-
ity, balance and postural stability, bone density, peripheral circulation, and
more. In chapters 5 and 6, the authors have also provided an illustrated,
stepwise guide to help the novice practitioner utilize this new exercise
modality in a safe and effective manner.

These authors, and the researchers whose work they have drawn from,
have given us an excellent start. Like any initial work, this text is not
necessarily an exhaustive review on the subject, but it does provide the
scientific basis, clinical rationale, and treatment parameters needed to
incorporate WBV into a physical therapy treatment plan or athletic
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training regimen with a reasonable assurance of success. And, hopefully,

the outcomes experienced by these patients and athletes will be docu-

mented and added to the burgeoning body of knowledge that is needed

for WBV to gain universal acceptance as a standard part of our clinical
practice.

Martha R. Hinman, PT, EdD

Professor, Dept. of Physical Therapy

Director, Transitional DPT Program

Hardin-Simmons University

Abilene, TX 79698-6065

325-670-5828
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Introduction

Alfio Albasini and Ingo Rembitzki

Vibration training and vibration therapy, also known as whole body
vibration (WBYV), biomechanical stimulation (BMS), and biomechanical
oscillation (BMO) date back to ancient Greece. Recently, vibration training
has been reinvented as a new form of exercise that is becoming more
frequently used to improve muscle strength, power and flexibility as well
as coordination. Increasingly, WBV can be encountered in different well-
ness, fithess and rehabilitation centres as well as medical centres. Various
professional sports clubs, such as AC Milan (soccer), Anaheim Mighty
Ducks (ice hockey) and Chicago White Sox (baseball), are using WBV for
their recovery and strengthening regimens in addition to their warm-up
sessions. Individual professional athletes, including the legendary cyclist
Lance Armstrong and Austrian skiing star Herman Maier, have incorpo-
rated vibration platform sessions into their training schedules.

Initially, vibration was used only for specific parts of the body (BMS).
Later, a system with a counter movement (lateral or horizontal displace-
ment) around a fulcrum was licensed in Germany, in 1996. Individuals
using this tool could stand on their feet so that the whole body was stimu-
lated with a sinusoidal vibration; hence the term whole body vibration
was coined. This should not be confused with the vibration experienced
in occupational injuries where the body passively vibrates over long
periods of time. In the latter case, occupational vibration differs in its
duration (e.g. heavy machinery driver) and also in the nature of its form,
whereby sporadic movements are induced in the body, as in an air com-
pression hammer, at a totally different frequency (>100 Hz) of vibration
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from that of WBV. The combination of duration and sporadic nature of
movement appears, with the markedly higher frequency, to cause the
deleterious effects. In contrast, WBV employs low-amplitude (<10 mm)
and low-frequency (<65 Hz) mechanical stimulation of the human body
for short durations (<30 min) to attain an effective and safe way to exercise
musculoskeletal structures.

History

In 1880, Jean-Martin Charcot, a French neurologist, examined the surpris-
ing improvements in the condition of pilgrims suffering from Parkinson’s
disease. He surmised that such improvements were attributable to the
vibration from the horse-drawn and railway carriages. Based on this idea
he then developed a chair with a helmet that vibrated electrically. Between
1890 and 1910, Charcot’s ideas were developed further by different thera-
pists. G. Taylor (USA), G. Zander (Sweden), and J. H. Kellogg (USA)
produced different kinds of vibration therapy for the arms and back. In
1960, Dr. Biermann, a West German, published the paper ‘Influence of
cycloid vibration massage on trunk flexion’ in the American Journal of
Physical Medicine.

In 1970, Professor Vladimir Nasarov developed a vibration training
programme as an effective method for athletes. He observed an improve-
ment in power and flexibility using Biermann'’s ideas in practical exercises.
A short time later, this localized vibration training started to be used by
the Russians in their space programme to prevent bone density changes
in astronauts. They recognized that this new idea for exercise had the
potential to provide suitable countermeasures for preventing bone and
muscle loss for astronauts under microgravity conditions. WBV was later
used to enhance the performance of Soviet athletes during their exercise
training (Nasarov & Spivak 1985). These two authors were the first to
highlight the association between strength and power development and
whole-body or segment-focused vibration training. They assumed that
repetitive eccentric vibration loads with small amplitudes would effec-
tively enhance strength, because of a better synchronization of motor units.

Professor Nasarov was a Russian athletics coach who first applied
vibration stimulation in sport. Basically, he wanted to help athletic
performance based on the principle that by applying vibration to a
distal muscle it would be transmitted to more proximal muscles. The
special device he used generated vibration at a frequency of 23 Hz. Profes-
sor Nasarov found that the vibration produced an increase in the
range of motion (ROM) of the involved joint, speculating that a shift in
the pain threshold had occurred (Nasarov 1991 cited in Kiinnemeyer &
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Schmidtbleicher 1997). He also hypothesized that vibration training,
besides improving flexibility, would also improve blood flow.

The first study (Fig. 1.1) which combined weight training and vibration
training was performed by Issurin et al (1994). These researchers found a
46% improvement after weight training with vibration (3 weeks, three
times a week, 44-Hz frequency with amplitude of 3 mm, 30 m/s%). The
same weight training without vibration had a progression of only 16%.

In a second study presented by Issurin and Tenenbaum (1999), 14
amateur and 14 elite athletes were subjected to vibratory stimulation
during bilateral biceps curl exercises (Fig. 1.2) at a frequency of 44 Hz and
with an oscillation of 3 mm peak to peak. They were also engaged in
power exercises without vibration. The results in the elite athletes were
an increase in explosive strength exertion for maximal and mean power
of 10.4 and 10.2%, respectively, whereas in the amateurs the improvement
was 7.9 to 10.7%.

In 1996, the first side-alternating vibration platform simulating the
human gait was licensed in Germany. By 1998 vibration platforms with

Pulley

Amplitude 3mm
Frequency 44 Hz

Vibratory
stimulation
device

©

Figure 1.1 Combination of vibration training and weight training.

Reprinted from Issurin VB, Liebermann DG, Tenenbaum G (1994) Effect of vibratory stimulation training on maximal
force and flexibility, Journal of Sports Sciences 12: 561-566, 1994, with permission from Taylor & Francis.
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Pulley system

Vibratory
stimulation device

Figure 1.2 The bilateral biceps curl exercise and instrumentation.

Reprinted from Issurin VB, Tenenbaum G (1999) Acute and residual effects of vibratory stimulation on explosive
strength in elite and amateur athletes. Journal of Sports Sciences 17: 177—182, with permission from Taylor &
Francis.

various types of displacement were available on the market. Those oscil-
lating vertically have a different frequency from those oscillating side to
side. Exercise programmes incorporating WBV have been tested in the
areas of sports muscle strength, muscle power and muscle length (Bosco
et al 1999a, Delecluse et al 2003, Issurin & Tenenbaum 1999); in gerontol-
ogy, proprioception and balance training (Bautmans et al 2005, Bogaerts
et al 2007, Runge et al 2000), bone density (Felsenberg 2004, Gusi et al
2006, Rittweger & Felsenberg 2004, Rubin et al 2002) and the rehabilitation
of various musculoskeletal impairments associated with disuse atrophy,
muscle spasms and low back pain (Belavy et al 2008, Fontana et al 2005,
Rittweger et al 2002); and in people suffering from the effects of stroke
(Tihanyi et al 2007, van Nes et al 2004) and Parkinson’s disease (Haas et al
2006).
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Is vibration a natural stimulus?

During daily activity our body interacts with external forces. During
walking and running our heel strikes the ground and absorbs this shock
through pronation of the foot (McConnell 2002) and flexion of the knee
(Perry 1992). These forces can also induce vibration and oscillations
within the tissues of the body. Similarly, impacts related to sporting activ-
ity such as hitting the ball with a tennis racquet induce vibration. During,
downhill mountain biking, vibrations are dissipated in the tissues through
the arms. During downhill skiing, vibrations under the skis are captured
by the body. Hence, through various structures such as soft tissues, bone,
cartilage, synovial fluid, muscular activity and joint kinematics, the
body not only dissipates the impact of the shocks, but also has a mecha-
nism which regulates the transmission of these external forces (vibrations)
into the tissue of the body (Cardinale & Wakeling 2005). It appears that
the body is capable of tuning its muscle activity in order to reduce the
vibrations that are passing through the soft tissue and which could
have detrimental effects on it (Nigg 1997). Importantly, the amount of
muscle activity required is related to the level of external vibration forces
applied. A maximal activated muscle can dampen vibrations so that the
oscillations within the tissues are diminished or eliminated (Wakeling
et al 2002).

A ‘concept of tissue homeostasis, the envelope of function’, was pro-
posed by Dye (1996), in order to explain anterior knee pain. This concept
can be generalized to any musculoskeletal condition where the amount
and frequency of loading is considered too large for the underlying struc-
tures. For example, while a weightlifter can normally lift over three times
his body weight without any problems, a normal worker would not be
able to do such a task and would probably become injured from such a
huge effort. In such an instance, the normal worker would be outside his
threshold, which could result in tissue breakdown (McConnell 2003). Dye
(1996) described four factors pertinent to determining the size of the enve-
lope of function: anatomical (involving morphology and biomechanical
characteristics of tissue), kinematic (involving dynamic control of the
joint), physiological (involving the mechanism of molecular and cellular
homeostasis that determines the quality and rate of repair of the damaged
tissues) and treatment (including the type of rehabilitation conducted by
the therapist or the type of surgery that the patient has received).

Muscle can dampen external vibration and increase its activity in order
to tolerate more vibration energy (Ettema & Huijing 1994). However, one
must bear in mind that, according to Dye’s theory, the body needs a
certain time to adjust to the load, and therefore probably to vibration.
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Definition

What is WBV, how can we define it?

WBYV is a mechanical stimulus characterized by oscillatory motion
delivered to the entire body from a platform. The devices currently avail-
able use two different systems: (a) a vertical vibration, meaning the whole
plate oscillates uniformly up and down with only a vertical translation;
and (b) reciprocating vertical displacements on the left and right side of
a fulcrum, increasing the lateral accelerations. Biomechanical parameters,
included in WBYV training, are body position, amplitude, frequency, mag-
nitude and duration.

The effects on WBV depend on the training parameters being used:

¢ amplitude-the extent of the oscillatory motion, peak-to-peak vertical
displacement in millimetres;

¢ frequency-the number of impulses delivered per second (repetition
rate of the cycles of oscillation), in hertz (Hz);

* magnitude-the acceleration of the movement, in g’s (where 1 g is
the acceleration due the Earth’s gravitational field or 9.81 m/ s%);
and

¢ duration—the total amount of time that a person spends on the
platform, in seconds or minutes.

Considering the numerous combinations of variables possible, it is appar-
ent that there are a wide variety of WBV platforms and training possibili-
ties available. Furthermore, with the ability to differently position the
body as well as using some external loads, such as rubber bands or weight,
there are a lot of training possibilities.

Commercial devices that deliver WBV

There are different commercial devices delivering WBV: Galileo and
Vibraflex platforms are manufactured by Novotec (Pforzheim, Germany)
and distributed in the USA by Orthometrix Inc. (White Plains, NY);
NEMES and NBS are manufactured by Nemesis (The Netherlands)
and FitMedCorp. (Cleveland Heights, OH); Power Plate, Power Plate
International (London, UK); and Pneu Vibe, manufactured by Pneumex
(Sandpoint, ID).

Galileo

The platform works like a seesaw or teeterboard with an amplitude
between 0 and 6 mm (equivalent to 0.12 mm peak to peak, medial to distal)
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and adjustable frequency, i.e. 5-30 Hz (oscillations per second). Basically,
all the platforms from Galileo have nearly the same frequency and ampli-
tude. The maximum is achieved by Galileo Sport, where amplitudes from
0 to 12.8 mm (peak to peak) and from 5 to 30 Hz are possible. Galileo Basis
already has amplitude from 0 to 8 mm, and frequency between 12 and
27 Hz. The fast, side-alternating movement (side-alternating vibration
training or side-alternating WBV) of the Galileo training platform elicits
so-called ‘stretch-reflexes’ in the muscles, which cause muscle contrac-
tions and relaxation, from the legs up into the trunk and all the way up
to the head (Ribot-Ciscar et al 1998, Rittweger et al 2002 cited in Cardinale
& Bosco 2003). These reflexes are detached from the trainee’s intentions
and are controlled by the spinal cord. The number of stretch-reflexes per
second is controlled via the adjustable training frequency. By choosing,
for example, 25 Hz, there are 25 contraction cycles induced in each of the
flexor and extensor muscles, which adds up to 1500 cycles per minute!
This frequency corresponds with the time required for a single up-down
movement to cause a natural stretch-reflex plus relaxation of the agonists
and antagonists. The side-alternating up—down function of the Galileo
platform simulates the human gait, which makes Galileo training a physi-
ological training. This is the main characteristic which sets this platform
apart from those which have purely an up—down movement.

Another characteristic which makes this platform quite different from
others is the possibility of positioning the feet differently. The platform
oscillates from the middle point, called zero (0) (the fulcrum is where
obviously no oscillation takes place), to the largest point, called 4, where
the displacement increases to 6 mm (10 mm). It is clear that the position
of the foot, towards 0, or towards 4, will differently influence the entire
body just by standing straight. Feet positioned more laterally have a
different input because of the increasing lateral acceleration and
amplitude.

Galileo Up-X Dumbell and Galileo TOP Dumbell

Galileo dumbbells (DB) are electric-powered devices which provide vibra-
tion to arms and shoulders and the upper spine. The handle, weighing
2.5 kg, centrally rotates, producing oscillatory movements to the body at
different frequencies (0-30 Hz) with amplitude of 3 mm around a hori-
zontal axis. Cochrane et al (2008) compared the effects of vibration on
concentric activity with vibration utilizing a dumbbell with arm cranking.
The result was enhanced peak power of concentric muscle maximal
performance of 4.8%, which concurs with the results of Issurin and
Tenenbaum (1999), where an 8% increase in peak power in male amateur
athletes was seen. Similar results were achieved by Bosco et al (1999b),
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who reported that acute vibration increased unilateral bicep curl power
output by 12% (p < 0.001) in national boxers. In fact the electromyogram
(EMG) recorded in the biceps brachii of the experimental group showed
a significant enhancement (p < 0.001) of the neural activity during the
treatment period. The improvement of muscle performances induced by
vibration training suggests that a neural adaptation has occurred in
response to the vibration treatments. In this context, the duration of the
stimulus seems to play an important role (Bosco 1985). However, the
improvement of the mechanical power (P) noted after vibration training
was not achieved by the EMG activity recorded in the biceps brachii,
which was found to be rather low (p <0.01). Issurin and Tenenbaum (1999)
assessed the mechanical power of bilateral biceps curl exercise with a
superimposed vibration of 44 Hz and an acceleration of about 30 m/s’
transmitted through a two-arm handle. This was a special device which
cannot really be compared to Galileo TOP but which gives a similar effect.

Galileo Delta Tilt Table

Galileo Delta Tilt Table is a system which can tilt the table and allow
Galileo training even for walking/standing-disabled/-handicapped
trainees. The amplitude here is 0-3.9 mm (0-7.8 mm peak to peak). The
frequency varies from 12 to 27 Hz. There are tilt tables for adults as well
as for children.

VibraFlex

The VibraFlex was developed by Orthometrix using the internationally
patented Galileo vibration technology which is well known in the medical
as well as in the sporting fields. VibraFlex is a device which functions
in an oscillating pattern at a frequency between 5 and 30 Hz. The ampli-
tude is 0-6.4 mm with a maximum displacement of 12.8 mm (peak to
peak). This platform, compared with Galileo, has a preset frequency
(6/12/18/26 Hz), preset time and preset training programme. VibraFlex
has two handles laterally which can be used to attach straps in order to
incorporate upper body exercises, increasing the intensity of the workout.

Mini VibraFlex, like Galileo, also has a handle and dumbbells, which
are produced with the same technology. The frequency used is between
5 and 30 Hz, the amplitude is 2 mm, and the weight is 3.2 Ib (1.45 kg).

NEMES and NBS

NEMES (Neuro Mechanical Stimulation) and NBS (NEMES Bosco System)
are highly advanced computer-controlled systems of training based on
Professor Carmelo Bosco’s original ideas. Bosco was an Italian scientist
involved in the world of sports physiology who invented the ‘whole body



Commercial devices that deliver WBY

vibration” method. The systems provide a vertical vibration between 30
and 50 Hz. At a frequency of 30 Hz, for example, each pulsation is given
an acceleration of 54 m/s?, which means that it is applied 30 times per
second. The frequency and the acceleration at an amplitude of about
+4 mm results in a myotatic reflex or stretch-reflex. This reflex activity is
also referred to as a ‘tonic vibration reflex’. This means that the vibrated
muscle has to work very hard, while the subject or player using the
NEMES does nothing other than balance on the platform. The effect per
pulsation is like that of the knee-jerk reflex. This muscle activity can be
measured by EMG. For example, in one repetition of maximum effort, the
muscle(s) involved are activated 100% voluntarily. However, according to
NEMES, with vibration training the muscles work at 200-300%. This is an
ideal way to train, especially when the muscle does not function properly,
for example with weakened muscles in the elderly, or after injuries. This
is what NEMES says, but one should be aware that some individuals, for
example wakened by some neurological conditions, as Gillian Barre, or
myasthenia gravis, or post-polio syndrome, will have increased suscepti-
bility to neuromuscular fatigue and may not be the correct candidate for
such a training protocol. NEMES has a powerful effect on muscle tissue,
nerves, blood vessels, bones, fat tissue, cartilage, hormones and neu-
rotransmitters. Further scientific-based explanations of WBV will be dis-
cussed later in this book. The NBS Professional Model LX/LXB has a
frequency between 20 and 55 Hz.

Arm Training (AT) NBS also has an arm training device similar to that
of other companies.

Power Plate

Vibrating Platform was developed in 1999 by a Dutch Olympic Trainer,
Guus van der Meer, who started to adapt acceleration training, first for
elite athletes and then for people of all ages, weights and fitness levels.
Power Plate has several devices; for example, AIRdaptive Power Plate
pro5 can vibrate at a frequency between 25 and 50 Hz in a motion with a
high and a low vertical displacement. The majority of Power Plate’s
devices have multiplanar motion with some devices having preset fre-
quencies. No platform has a frequency below 25 Hz at the time of writing.
Power Plate does not have dumbbells.

Pneu Vibe

Pneu Vibe has two models available, Pneu-Vibe Med and Pneu-Vibe Club.
Both models have a frequency between 5 and 60 Hz and have only a verti-
cal displacement. Pneu-Vibe Club is designed for use as a warm-up device,
a strengthening device and a basic therapy tool. Pneu-Vibe Med has a
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larger platform that accommodates a wider range of rehabilitation exer-
cises for both upper and lower body. There are a lot more devices which
use the method of vertical displacement. These include Magic Vibe,
Salveo, Fitplace, Fitvibe, Vibrofit and Bodyshaker.

Obviously, there are many companies on the market which are over-
stating the health benefits of WBV training. Each manufacturer considers
itself to have the best WBV platform and that results are achieved in a
very short time. So one can find statements such as ‘it takes just two weeks
to reach your optimal level of training just by standing passively on the
platform.” Many companies market the results of WBV by expressing its
ability to improve strength and muscle power, flexibility and mental stim-
ulation as well as to decrease the effects of stress. Another important
aspect to take into consideration is the quality of the platforms offered
and the information given about the device. In fact some companies state
a particular frequency which in reality is not correct and may be only half
of what is written in the brochure. Often, cheap platforms have a maximal
frequency of 15 Hz, and therefore it is not possible to achieve the different
effects available at a greater range of frequencies (see Chapter 4 for a
discussion of effects based on dosage and progression).
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The mechanism by which WBV works on the body is somewhat
debatable. It has been shown that mechanical vibrations applied to the
muscle belly or tendons are able to stimulate sensory receptors, mainly
length-detecting muscle spindles (Hagbarth and Eklund 1966, Lance et al
1973). The primary endings of the muscle spindle (Ia afferent fibres),
stimulated by the vibration of the muscle, facilitate the activation of the
alpha-motoneurons causing reflex muscle contractions. This results in a
tonic contraction of the muscle, referred to as the ‘tonic vibration reflex’,
TVR, (Hagbarth and Eklund 1966, Lance et al 1973, Bishop 1974). Electro-
myogram data have revealed that this neuromuscular response, TVR, is
mediated by monosynaptic and polysynaptic pathways (Bishop 1974) and
results in increased motor unit activation (Burke and Shiller 1976). The
effect of vibration is to elicit short fast changes in the length of the muscle-
tendon complex. This input is detected as a ‘type of sensory stiffness’
through which reflex muscular activity will try to dampen vibratory
waves (Figure 2.1).
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Figure 2.1 Schematic diagram illustrating stiffness regulation during vibration
stimulation. The quick change in muscle length and the joint rotation caused by vibration
trigger both o and y motor neurons to fire to modulate muscle stiffness. Higher centers are
also involved via a long loop.

Reprinted from Cardinale M, Bosco C (2003) The use of vibration as an exercise intervention. Exercise and Sport
Sciences Reviews 31(1):3—7, with permission.

The effects of vibration depend on the properties of the muscle itself.
The response of the TVR is influenced by the frequency of vibration,
whether the muscle is relaxed or contracted, the level of pre-contraction
of the muscle, the position of the body (static) or association with move-
ment (in terms of whether a muscle is shortening or lengthening) as well
as the combined effect of all the muscles surrounding the joint (Fontana
et al 2005, Ribot-Ciscar et al 2002, 2003). The vibration is not only per-
ceived by neuromuscular spindles, but also by the skin, the joints and
secondary nerve endings (Ribot-Ciscar et al 1989).

In contrast to single muscle stimulation, the use of WBV involves appli-
cations to the entire body. The stimulation, which comes distally from the
platform, has a long way to go before it arrives at the sensors. Along the
way, the stimulus of the vibration will change and it is quite difficult to
assess the quantity of this change. Roll et al (1980) applied WBV on seated
subjects and concluded that vibration acts on the extero- and propriocep-
tive receptors rather than on the vestibular organs. Johansson et al (1990,
1991) revealed that vibration would result in increases in muscle stiffness
and joint stability due a relationship between activation of joint mechano-
receptors and stimulation of the gamma efferents. In a standing position,
vibration has an effect not only on muscles and tendons, but also on the
joint structures, which means that an additional potent sensory motor
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effect through the proprioceptive joint mechanoreceptors occurs. This
may also be an important factor in explaining the manner in which vibra-
tion may enhance proprioception.

Although TVR is the most proposed mechanism as to the effect of WBV
on muscles, there is not a clear consensus in the literature (Luo et al 2005).
The connection between WBYV and the TVR has not been fully discussed
and demonstrated in the literature (Nordlund and Thorstensson 2007) and
therefore further mechanisms have been proposed in this book encapsu-
lating the idea of stimulating future research into this relatively new field
of therapeutic WBV.

To be able to understand the effects of WBV on human biological tissue
it is important to understand the biomechanics of simple harmonic motion
(SHM) of the machine. Inverse dynamics and tensegrity modelling in
everyday functional activities aid in the understanding of the stabilizing
mechanisms of human movement and how the body responds to rhyth-
mic dynamic oscillations. Concepts of SHM and resonance frequencies,
Young’s modulus of elasticity and stiffness, and the development of
torque, power, and work allow us to understand how kinetic and poten-
tial energy can be used as a training and rehabilitation stimulus. Through
this application of biomechanics, the construct validity of WBV to func-
tional movement, the hypertrophy of muscle and the maintenance of bone
will become apparent.

The inverted pendulum and walking

Walking has been described as an ‘inverted pendulum’ whereby the body
moves in the horizontal and vertical plane through a sinusoidal wave
while the arms and legs are swinging like a ‘normal pendulum’. This
sinusoidal wave allows for the damping and acceleration required for
efficient transfer of potential energy to kinetic energy and vice versa.
The inverted pendulum is related to rocket or missile guidance systems
where the thrust is actuated at the bottom of a tall vehicle. Similarly,
in humans the thrust is activated through the feet into the body. The
largest implementation of the inverted pendulum is in the technology
of Segway, whereby shipping containers can be moved on cranes
without the container oscillating. In fact, the inverted pendulum can
be stabilized by oscillating the support rapidly up and down. If the oscil-
lation is sufficiently strong (with respect to acceleration and amplitude)
then the inverted pendulum can recover from perturbations ‘in a strik-
ingly counterintuitive manner’. If the driving point moves in simple har-
monic motion, the pendulum’s motion is described by the Mathieu
equation.
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Simple harmonic motion (SHM)

Understanding SHM allows the clinician to appreciate how WBV imparts
vibration to the body and how variation of body position affects the rate
of loading (acceleration) at the various body parts. Spring feathering
systems occur when a body is hung elastically. Similar to a stretched
rubber band the muscles gain potential energy when they are lengthened,
which can be converted to kinetic energy and hence movement when they
reverse direction. The efficiency of energy transfer will determine the
velocity and acceleration of the movement gained. SHM simply is ‘motion
where the force acting on a body and thereby acceleration of the body is
proportional to, and opposite in direction from the displacement from its
equilibrium position’ (i.e. F = —kx ). WBV uses a range of frequencies up
to 44 Hz to impart SHM to human tissue. The body reacts to this SHM in
periodicities. Rubin et al (2003) used surgical pins in the L4 vertebrae to
demonstrate that WBV frequencies in erect standing of less than 20 Hz
imparted 100% transmissibility and therefore perfect resonance. Inter-
estingly, at frequencies above 25 Hz this transmissibility decreased to
approximately 80% at the hip and spine. Moreover, in relaxed stance
transmissibility decreased to 60%, with 20° of knee flexion reducing this
even further to 30%. This is clinically significant as it demonstrates that
varying body position and joint angle will influence the site and rate of
loading (acceleration) of the body part by WBV.
A general equation describing simple harmonic motion is

x(t)=Acos(2zft+¢),

where x is the displacement, A is the amplitude of oscillation, f is the fre-
quency, t is the elapsed time, and f is the phase of oscillation. If there is no
displacement at time ¢ = 0, the phase ¢ = /2. A motion with frequency f
has a period T =1/f.

Motor control: length, stiffness and potential

Interestingly these oscillatory concepts of physics were used in the 1930s
by a Russian mathematician, Nikolai Bernstein (1967), to describe a solu-
tion to the problems of motor learning for the control of the degrees of
freedom offered by the human body in the context of the environment in
which it is interacting (Kelso et al 1980, Kugler et al 1980, Turvey et al
1978a,b, 1981). Specifically, these latter authors used the Bernstein per-
spective to account for the speed at which the movement control calcula-
tion was happening. They suggested that the CNS uses feed-forward
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mechanisms based on prior movement experiences to set the tone of the
spinal cord reflexes required for synergistic muscle activity. Investigations
into WBV and the effect of superimposed voluntary contractions revealed
increased excitability of the a-motorneuronal pool as exhibited by an
increase in the Hoffman reflex (Nishihira et al 2002). During functional
activities such as walking, inverse dynamics and three-dimensional analy-
sis have shown that the hip, knee and ankle are predominantly driven at
angles close to 0° and 180°, or stabilized at angles close to 90°. Moreover,
the three joints are never fully driven and the hip and knee are mainly
stabilized during the stance phase of gait (Dumas & Cheze 2008). Har-
monic motion as described by Hooke’s law using a mass spring system
analogy manages to account for the dynamics of a system of continuously
altering control over ‘stability’ and its antithesis ‘mobility’. The total
muscle tone around the joints is represented by the spring (Fig. 2.2).
Although WBV represents a stimulus of exceedingly small magnitude
and short duration, in terms of the repetition needed for motor learning,

Central nervous system

Movement

Potential

% Resting length

Stiffness

Figure 2.2 The Bernstein perspective of movement control using Hooke’s law and
mass spring oscillation.
Reprinted and adapted from Kugler PN, Kelso JAS, Turvey MT (1980) On the concept of coordinated structures as

dissipative structures. I: Theoretical lines. In: Stelmach GE, Requin J (eds) Tutorials in Motor Behavior 3—45, North
Holland, Amsterdam.
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a 25-Hz stimulus for 1 min equals 60 s x 25 Hz = 1500 cycles, which may
represent 1500 steps while walking or running. Sufficient cross-sectional
area and muscle tone ‘stiffness’ together with proportional muscle length
generates the potential of the system. ‘Potential’ may be expressed clini-
cally as improvements in jumping, counter movement jumping, and
enhanced scores in the items of the Quality Metric outcomes measure
SE-36.

Clinically, neurological conditions affecting muscle tone, disuse atrophy
conditions affecting muscle mass (sarcopenia) and overuse training condi-
tions affecting muscle length will all have an impact on motor control and
the body’s ability to absorb and impart energy. WBV represents a novel
training and rehabilitation form for the clinician as it can directly impart
a stimulus to all three of these elements. Low-frequency vibration (<20 Hz)
has been used to impart relaxation and change resting length (Haas et al
2006) or it can be used at higher frequencies (up to 44 Hz) to impart kinetic
energy to the system, which increases the potential for movement through
muscular recoil.

Because both velocity and acceleration can be derived from SHM equa-
tions they can be used to define the energy within a system. The amplitude
of oscillation will depend upon the size (thickness, type of material and
length) of the spring. Similarly, in the human body, muscle tone and body
position will strongly influence the effect of energy capture and dissipa-
tion (Rubin et al 2003).

Stiffness

In terms of human biological tissue, these principles of physics can be
applied using Young’s modulus of elasticity whereby tensile stress and
strain is used in conjunction with Hooke’s law to define the elastic poten-
tial energy of the body part. During ambulation, as the heel hits the
ground the muscles are stretched and gain kinetic energy, which is stored
elastically and partially returned to the movement system as the muscle
returns to its initial length.

Young’s modulus, E, can be calculated by dividing the tensile stress by
the tensile strain, which reflect the stiffness of the system:

tensile stress o _ F/Ay,  FL,

E === =
tensilestrain & AL/L, ApAL

where E is Young’s modulus (modulus of elasticity), F is the force applied
to the object, A is the original cross-sectional area through which the force
is applied, AL is the amount by which the length of the object changes,
and L, is the original length of the object.



Resonance

Resonance

Nikola Tesla (1856-1943) is considered to be the grand master of reso-
nance. He experimented with both electrical and mechanical resonance.
Some of his eccentric experiments caused mini-earthquakes in Manhattan.
He managed to convince his friend Mark Twain to stand on a vibrating
platform. Twain enjoyed it so much that he would not come off it when
Tesla asked him to. However, a few minutes later Twain jumped off the
platform and was seen heading to the toilet with diarrhoea.

A playground swing was one of Tesla’s favourite examples of a reso-
nant system. Each time the swing moves forward and then returns to its
starting position it counts as one cycle. A stopwatch can be used to deter-
mine the length of time a swing needs to complete, say 20 cycles, dividing
20 cycles by the time gives the swing’s frequency in cycles per second or
hertz (Hz).

Since a swing is basically a pendulum it is possible to calculate its reso-
nant or natural frequency using the pendulum equation as follows:

1 05
f=5(8/L) ,

where g is gravity’s constant (9.8 m/s” for Earth), and L is length.

Resonance and SHM are frequently used synonymously. If a structure
begins to oscillate at its resonance frequency it is in danger of breaking if
the amplitude of oscillations become too large. A classic example in the
military is when soldiers break march when crossing a bridge.

Resonance can be seen with WBV and is determined by muscle tone,
by body positioning and through co-contraction (Rubin et al 2003, Feltham
et al 2006). Indeed, Mahieu et al (2006) used WBV to improve strength
and posture control in young competitive skiers.

Wakeling et al (2002) examined the resonance and damping properties
of soft tissue while standing on a vibrating platform. Fourier transforms
were used to calculate the amplitude of acceleration as a function of fre-
quency a(f). The soft-tissue mass was considered a rigid mass for this
analysis. For each given frequency f, the mean inertial power P required
to oscillate the soft-tissue mass m was given by

P ma®
a2nf

Hereby they stated that the total inertial power P required for the oscil-
lation in a particular direction is given by

,__m (&
R_4J§ﬂ-[fdf
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Since soft-tissue oscillations occur in all three orthogonal directions, the
total inertial power P, required for vibration of all the soft tissues is given
by the resultant power from all three directions (x, y, z) by

2 2 2
P=Pi+F,+ P

There was a time delay in response by the soft tissue of 150 ms, and this
resulted in a decrease in the amplitude of the acceleration (Fig. 2.3).
Wakeling et al (2002) were able to demonstrate that elevated muscle
activity and increased damping of vibration power occurred when the
frequency input was close to natural frequency of each soft tissue.
Another investigation by Bazett-Jones et al (2008) examined the effects
of WBV on acceleration by manipulating the variables of amplitude and
frequency. Using an accelerometer they were able to show that 30 Hz at
2—4 mm = 2.16g, 40 Hz at 2-4 mm = 2.80g, 35 Hz at 4-6 mm = 4.87¢ and
50 Hz at 4-6 mm = 5.83¢. They commented that less stiff people would
require more neuromuscular activation to dampen the WBV stimulus.

Force exerted by stretched or compressed material

Young’s modulus of a material can be used to calculate the force it exerts
under a specific strain

EA,AL
L
where F is the force exerted by the material when compressed or stretched

by AL. From this formula Hooke’s law can be derived, which describes
the stiffness of an ideal spring:

F= (E—AOJAL =kx,
L,

0

F

7

where
Ly
x=AL.

E = Elasticity
A, = original cross sectional area
L, = original length
AL = change in length

F = Force

The relevance of compressed and tensile properties to humans becomes
apparent when examining tensegrity modelling. Tensegrity views the
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Figure 2.3 Electromyogram (EMG) trace from the medial gastrocnemius (A) and
acceleration traces from the triceps surae (B-D) during one burst of continuous
vibrations. Acceleration traces are shown for the direction normal to the skin surface (B),
parallel to the tibia (C) and mediolateral (D). Platform acceleration is shown in (E), with the
corresponding displacement in (F). The excitation frequency was 10 Hz, and the natural
frequency for the triceps surae for this subject was 15 Hz. The equivalent EMG trace for the
rectus femoris is shown in (G).

Reprinted from Wakeling JM, Nigg BM, Rozitis Al (2002) Muscle activity damps the soft tissue resonance that occurs
in response to pulsed and continuous vibration. Journal of Applied Physiology 93:1093—1103, with permission from
Penny Ripka.
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musculoskeletal system as rigid bodies (bones and compressed fluid) situ-
ated within a mobile mass of muscle and soft tissue. As such the tension
generated by muscles is countered by the wet and dry constituents of bone
strength. Moreover, the pre-tension of muscles and other molecular cyto-
skeletal elements are thought to define the stability and movement capa-
bilities of the human body. The understanding of tensegrity could
fundamentally change the way we view the effect of WBV and will be
discussed later in this chapter.

Elastic potential energy

As stated previously the length, cross-sectional area and pre-tension of the
muscle will influence its ability to both absorb energy and to transfer this
energy into movement.

The elastic potential enerqy stored is given by the integral of this expres-
sion with respect to L:

2
I ALdL = EAAL
2L,

0

U, :J“EAOAL I = EA,
Ly Ly

where UL, is the elastic potential energy. The elastic potential energy per
unit volume is given by:

2
u. _ EAL _ 1 Ee?,
ALy, 213 2
where
AL
e=—
Ly

is the strain in the material. This formula can also be expressed as the
integral of Hooke’s law:

U.= Ikx dx = %kxz.

Given mass M attached to a spring/pendulum with amplitude A with
acceleration a:
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kA*  MaA
Etut == 7

2 2

where k is the spring constant, M is the mass (usually in kilograms), a is
the acceleration, A is the amplitude, A is the wavelength, fis the frequency
(usually in hertz), t is the time in seconds to complete one cycle, T; or T,
is the period of the spring or pendulum, g is the acceleration due to gravity
(on Earth at sea level: 9.81 m/s?), € is the length of the pendulum, and E,,
is the total energy.

Therefore, where body weight is known and where the amplitude and
acceleration of the WBV can be recorded, then the spring constant or stiff-
ness of the system can be calculated. The use of accelerometers on various
body parts during WBV may be a useful clinical method for determining
resonance frequencies.

Hill model of viscoelasticity and motor control

In Fig. 2.4 it can be seen that WBV has the potential of affecting the visco-
elastic elements of the tendons, fascia, and passive and active cytoskeletal

Hill model of viscoelasticity and motor control

Series elastic

component (SEC) = tendon
Contractile motor Parallel elastic } cytoskeletal
control component component (PEC) / structures
Series elastic -
component (SEC) tendon

Figure 2.4 Hill model of viscoelasticity.
Reprinted from Journal of Biomechanics 14/6, Phillips and Petrofsky (1981), with permission from Elsevier.
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structures. Additionally, the resting length of the contractile element and
the rate and type of muscular contraction will influence the amount of
energy absorbed and hence the recoil imparted when stretched. Unique
cellular cytoskeletal myotubules will be discussed in terms of tensegrity
later in this chapter.

Clinically, the Hill model is useful in terms of conceptualizing the
appropriateness of different uses of WBV. When a muscle is too stiff it
cannot elongate and absorb energy at the same rate as a flexible muscle.
In such cases the rapid elongation of the muscle results in injury rather
than elastic deformation and recoil. Depending upon the inherent mor-
phology of the person being trained, a naturally hypermobile ‘floppy’
person may need power and stability training, whereas the naturally
hypomobile ‘stiff’ person may need flexibility training.

Generation of torque and the conservation
of momentum

In terms of human motion, principles of torque generation and the conser-
vation of momentum have been applied to inverse dynamics calculations
using torque and moments of inertia (Dumas & Cheze 2008, Silva &
Ambrosio 2004, Zajac 2002). Inverse dynamics uses intersegmental models
to represent mechanical behaviour of human limbs. The equations of
inverse dynamics are derived from Newton’s linear mechanics F=mi,
and Euler’s angular mechanics using equations involving the moment
of inertia.

To conceptualize energy think about a person who weighs 100 kg. This
weight represents a force of 1000 N. If a person steps up a 3-m step, 3000 J
of energy is required. If this occurs in 3 s then 3000/3 = 1000 J /s = 1000 W.
In 10 s this represents 300 W.

The rotational kinetic energy of a rigid body can be expressed in terms
of its moment of inertia:

N N N
T= zlmiv,? = Zlmi(a)ri)z = 12 mriw?= lIa)z,
12 12 273 2

i=

where m is the mass of the accelerating body, v is the linear velocity, r is
the radius, and o represents angular velocity (in radians per second).
When a person jumps they apply torque to their joints through
active concentric contraction and positive acceleration of muscles; on
landing the lengthening and negative acceleration of eccentric muscles
contraction allow the storage of potential energy for the next jump. Since
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a swinging platform represents both positive and negative acceleration
then it also represents transformations from potential to kinetic energy.
Moreover, the energy is directly proportional to the velocity and accelera-
tion of the movement. Therefore, longer muscles have greater potential
for acceleration, and thus the storage of potential energy and the subse-
quent release of this in the form of kinetic energy produces movement
during the recoil.

WBYV devices use stimulation frequencies between 5 and 44 Hz, with
typical amplitude of 2-6.5 mm. Lifting the legs and variation of body
position result in muscle lengthening, which affects the entire kinetic
movement synergy. Furthermore, the reaction to muscle stretches results
in reflexogenic stimulation of the entire neuromuscular system. As a
consequence of high stimulation frequencies, the ensuing muscle tone
represents the net stiffness of the system.

Inverse dynamics

The previous equations and discussions were used to highlight the nature
of oscillatory movements in the human body using jumping, stepping and
ambulation as examples. Additionally, there are numerous other exam-
ples of vibration encountered during daily activities. As such, WBV
represents a unique stimulus to enhance the capacity of the body to
capture potential energy and convert it into movement and hence function
(Fig. 2.5).

Besides the stimulus produced by stretching, the back and forth move-
ment results in action-reaction (Newton’s third law) in agonist and
antagonist muscles which ideally are used to optimize control of the neu-
romuscular system. Using a vibration platform allows the muscles the
opportunity to learn their site-specific and timely sequential activation
and deactivation across the spectrum of motor firing. This typical action
occurs rapidly during bipedal activities such as walking and running in
such a manner that the individual phases cannot be controlled by cortical
activity. Instead, the CNS chooses starting points/postures/attitudes with
a goal-directed orientation. Spinal cord reflexes, neuronal pre-tuning and
the physical characteristics of muscles and their motor engrams from
experiential learning are responsible for the motor control of localized
movement. WBV constitutes a reflex element of the motor learning
experience.

In the elderly population the functional movement capacity is deter-
mined by their ability to generate force, the feedback they receive in terms
of proprioception, absence of pain, flexibility, cardiovascular factors and
their ability to prevent falls. For example, the gluteal muscles need to
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Torque = I'x o (angular acceleration)
1= moment of inertia
= mass x K2 (gyration)

Inverse dynamics uses acceleration to calculate
forces applied

Xforce = mass x acceleration

o~

Xtorque = Iot

) For an object to accelerate velocity must change
C = tfay + tfax + tfky + tfkx + tankle + tknee

Energy = Kinetic energy (rot) + Kinetic energy (linear) + Potential energy

=15l 2 + T/omv2 + mgh
Fiyd Increasing \ Increasing
Torque ( potential energy kinetic energy
distal
= angular velocity g = gravity f = force p = proximal
v = linear velocity h = height d = distal

Figure 2.5 The torque around joints using limb segments as levers to express the
conservation of energy, using inverse dynamics, during walking and running. Any torque
occurring at the ankle is transferred across segments through the ‘energy straps’ of the
biarticular muscles.

Reprinted from Gait & Posture, 27/4, Riemer et al (2008), with permission from Elsevier.

generate in excess of 80% body weight (BW) in order to go from sitting to
standing. Furthermore, the forward movement of the body generates a
large lever for the gluteals across the hip and therefore requires flexibility.
By requiring a torque the generation of momentum is required to over-
come inertia, further suggesting the need for flexibility to generate the
speed of contraction. WBV training certainly fulfills these requirements
for a functional outcome such as improvements on the GUG test (Baut-
mans et al 2005, Bruyere et al n.d.). In standing enhanced stability in
movement velocity, maximum point excursion and directional control
were demonstrated to improve with WBV (Cheung et al 2007). Walking
was also shown to improve in this population after WBV (Kawanabe et al
2007).

Eccentric exercise and plyometrics

Another parallel with exercise physiology and WBV are plyometric exer-
cises whereby the muscle is forced to elongate and contract rapidly



Eccentric exercise and plyometrics
27

(Fig. 2.6). The eccentric phase of contraction and the stored potential
energy are supposed to enhance the concentric contraction and hence the
ability to push or jump. A “classic’ test in sport is the counter movement
jump (CM]J), which has been used by several researchers into WBV to
validate efficacy. Anyone who has undertaken this form of training is
conversant with the inherent risks of delay onset muscle soreness (DOMS)
and its disincentive to novices to continue this form of training. WBV
represents a novel and mild form of plyometric training which can be used
as a warm-up to energize (>26 Hz) the muscles and as a cool-down to help
relax (<20 Hz) the muscles. WBV can be used in the athletic population to
both improve jumping performance (Torvinen et al 2002a,b) and prevent
injuries. WBV has also been successfully used in postmenopausal women
to improve their CM]J capacity (Roelants et al 2004).

The eccentric component to plyometric exercise causes more profound
changes to the connective tissue of the muscle (broadening and streaming
of Z bands). Investigations into eccentric exercise revealed pain 8 hours
after initial exercises which was maximal 48 hours later (Newham et al
1983). These investigators found low-frequency fatigue 10 min after a
20-min period of stepping. Additionally, they demonstrated progressive
increases in integrated electromyography (IEMG) during the exercise in
the rectus femoris (160% increase) and vastus medialis (140% increase) in
the eccentric contracting leg. Mechanical damage to the sarcoplasmic
reticulum resulting in less calcium release for each excitatory action poten-
tial was suggested as the cause of the low-frequency fatigue. However,
impaired force generation at a number of sites in the myofibrillar complex
has been implicated (Green 1990). These include reduced binding sensitiv-
ity and capacity of troponin C for calcium, altered troponin-tropomysosin
interaction in addition to impaired binding and force generation by actin
and myosin. Indeed, the absence of any association between relaxation
rates and calcium kinetics raises support for the notion of a rate-limiting
process controlling the relaxation of fatigued muscles being located in
the contractile proteins (Hill et al 2001). During fatigue the relaxation
times can be prolonged by as much as 50%, thus resulting in increased
force generation during submaximal stimulation due to tetanic fusion,
despite a substantial fall in the maximum tetanic force (Bigland-Ritchie
et al 1986).

The overall initial loss of force production seen may be due to desmin
and titan damage (Lieber & Fridén 2002) (Fig. 2.7). Desmin acts as an
extra-sarcomeric mechanical stabilizer between adjacent Z discs and the
attachment to the costomere at the sarcolemma (Lieber et al 2002). The
costomere complex contains talin, vinculin and dystrophin, which attach
to the trans-sarcolemmal protein integrin and dystrophin-associated pro-
teins. These proteins allow the lateral transmission of force from actin to
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Eccentric exercise and plyometrics

Figure 2.6 This graph demonstrate the inherent limitations in traditional forms of

resistance training. It can be seen that as the load increases the velocity of contraction
decreases, thus compromising power. Additionally, the loading angle and muscle resting length
will strongly influence force generation. Such issues are largely ameliorated through eccentric
plyometric-type exercise such as WBV

Reprinted from Lichtwark GA, Wilson AM (2005) A modified Hill muscle model that predicts muscle power output and
efficiency during sinusoidal length changes. Journal of Experimental Biology 208:2831-2843, with permission from

The Company of Biologists Ltd.
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Figure 2.7 The variety of connections between structures provides a myriad of possible
routes of force transmission and force transduction

Reprinted with permission from Lieber RL, Shah S, Fridén J (2002) Cytoskeletal disruption after eccentric
contraction-induced muscle injury. Clinical Orthopaedics and Related Research 403:90-99.
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the basal lamina containing type IV collagen which is contiguous with the
endomysium (Kovanen 2002). Desmin loss after eccentric exercise can
occur within 5 min, possibly as a result of increased intracellular calcium
leading to calpain activation and selective hydrolysis of the intermediate
filament network (Lieber & Fridén 2002). This may result in the ‘popping
of sarcomeres’ of different length, thereby potentially losing the myofila-
mentous overlap of actin and myosin (Lieber & Fridén 2002). Hence,
reduced force production would be expected. Additionally, there is a
release of matrix metalloproteinase (MMP), which may degrade the extra-
myocellular type IV collagen. However, this effect occurs many days after
exercise (Koskinen et al 1996) and could even affect torque production 28
days after exercise (Lieber & Fridén 2002). This has significant implications
in exercise training prescription whereby progressive loading improves
functional capacity, whereas overloading reduces it.

Tensegrity

Although Young’s modulus of elasticity provides a nice two-dimensional
longitudinal explanation of stress and strain, muscle tissue forces also act
transversely through cytoskeletal elements (Fig. 2.7) as well as at a three-
dimensional cellular level. Tensegrity modelling has been used to describe
stability and pliability of structures at a micro-(cellular) as well as macro-
(skeletal) level. Tension-vectored forms provide discontinuous compres-
sion in a matrix of continuous tension (Fig. 2.8). Pre-tension is permanent
and hence provides great strength relative to actual weight. Moreover,
such a structure allows deformation without loss of integrity.

What is tensegrity?

Richard Buckminister Fuller defined tensegrity in his book Synergetics:

The word “tensegrity’ is an invention: a contraction of ‘tensional integrity’.
Tensegrity describes a structural relationship principle in which structural
shape is guaranteed by the finitely closed, comprehensively continuous,
tensional behaviors of the system and not by the discontinuous and exclu-
sively local compressional member behaviors.

Tensegrity is the exhibited strength that results ‘when push and pull have
a win-win relationship with each other.” Tension is continuous and com-
pression discontinuous, such that continuous pull is balanced by equiva-
lently discontinuous pushing forces. In the human body, pre-tension is
provided by a matrix of connective tissue, whereas the bones and fluid
provide the counterbalancing compression. In this model, rather than
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Figure 2.8 A spherical tensegrity structure with intermediate filaments used to
generate the computational tensegrity model. The thin tendons represent microfilaments
(black lines) and intermediate filaments (red lines); the thick grey struts indicate microtubules.
Anchoring points to the substrate (blue) are indicated by the black triangles (A1, A2 and A3).

Reprinted from Sultan C, Stamenovic D, Ingber DE (2004) A computational tensegrity model predicts dynamic
rheological behaviours in living cells. Annals of Biomedical Engineering 32(4):520-530, with permission from Springer.

viewing the body as being held together by bones, the reverse is postu-
lated to be the case, whereby the soft tissues hold the bone spacers in
place. Importantly, muscles and tendons and other musculoskeletal tissues
adapt to the stresses applied at a molecular level which are orchestrated
into a total body response. This occurs through the rearrangement of the
molecular components that constitute the extracellular membrane (ECM)
with interconnected cytoskeletal elements (Fig. 2.9).

Ingber (1997) stated that “cells are hard wired to respond immediately
to mechanical stresses transmitted over cell surface receptors that physi-
cally couple the cytoskeleton to extracellular matrix.” All living cells
generate active tension in their cytoskeletal structure through an active
actin-myosin filament, similar to that found in muscle. Therefore, all
living cells have an internally equilibrated pre-stress. The intracellular
cytoskeleton has binding molecules through focal adhesion complexes to
the ECM as well as specialized junctional complexes at their lateral
borders. Additionally, there are specialized cell-cell adhesion molecules.
Transmembrane receptors that physically couple internal cytoskeletal
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Figure 2.9 Contribution of cellular tensegrity to mechanochemical transduction.

Reprinted from Ingber DE (2003) Tensegrity Il. How structural networks influence cellular information processing
networks. Journal of Cell Science 116:1397-1408, with permission from JCS Biologist.

A schematic diagram of the complementary force balance between tensed microfilaments, compressed microtubules,
and transmembrane integrin receptors and living cells. (1 — 2 is the chemical conversion of substrate 1 to substrate
2 which represents a change in kinetics.)

networks to external support structures provide specific molecular
pathways for mechanical signal transfer across the cell surface.

Ingber (2003) postulated that the exposure of cells to physical distortion
through their ECM is the requirement for developmental control, growth,
differentiation, polarity, motility, contractility and programmed cell death
(apoptosis) (Figs 2.10 and 2.11). Evidence for apoptosis comes from Huot
et al (1998), who investigated the effects on actin dynamics of oxidative
free radicals on stress proteins in endothelial cells. They demonstrated
that the activation of the extracellular kinase (ERK) mitogen-activated
protein (MAP) kinase pathway by H,O, is essential for survival. Cells
whose ERK was blocked displayed hallmarks of apoptosis, a thin F-actin
ring with enhanced levels of HSP27 — an important heat shock protein.
Enhanced localized concentration of HSP27 was postulated to be involved
in modulating SAPK2-actin-dependent formation of membrane blebbing
from its role in fibroblasts. Actin polymerization along with unconven-
tional myosin pushes the membrane forward, whereas conventional
mysosin drives the retraction of the cytoplasm (Mitchison & Cramer 1996).
The focal adhesions between the membrane and the extracellular matrix,
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Reprinted from Ingber DE (2003) Tensegrity Il How structural networks influence cellular information processing
networks. Journal of Cell Science 116:1397—-1408, with permission from JCS Biologist.

and between the membrane and the cytoskeleton, are assembled after the
recruitment of signalling molecules focal adhesion kinase (FAK) and
paxilin with structural and membrane actin-anchoring proteins such as
talin, vinculin, tensin and alpha-actinin. These proteins then provide a
structural link allowing the anchorage of stress fibres to the membrane
and to integrins. Huot et al (1998) argued that one of the pathophysiologi-
cal consequences of weakness in this system is membrane blebbing, which
could include narrowing of the vascular lumen, leading to increased vas-
cular resistance and reduced blood perfusion. The effect of heat shock
proteins (HSPs) on osteoporosis and sarcopenia will be discussed in the
following chapter.

Ingber (2006) suggested that very physical perturbations can produce
stress fractures of the cellular membrane, which alters the cytoplasmic
biochemistry (Fig. 2.11). This frequently occurs with new exercise or
increases in exercise loading. The degree of rupture produced by mechani-
cal stress depends upon the dynamics of membrane resealing, which is
controlled by depolymerization of cortical F-actin. Moreover, this regula-
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tory process is dependent upon the pre-stress of the cytoskeleton. Ingber
(2006) argued that the overall form of the cytoskeleton and the orientation
of the cell relative to the load will influence the direction in which cells
will grow. Isolated actin filament exhibits linear elastic properties, thereby
obeying Hooke’s law (Kojima et al 1994). Furthermore, the stiffness of
these molecules remains constant over a wide range of tensile strains, thus
supporting Sultan et al’s (2004) assumption of the elastic linearity of
tendon elements in the tensegrity model. Incredibly, actin, being a double
helix, exhibits torsional rigidity and moments of inertia as it relates to
Young’s modulus of elasticity (Tsuda et al 1996). The unique nature of a
sinusoidal oscillating stimulus such as WBV can be viewed as having the
potential for the induction of mechanochemical conversion which is
dependent upon the stresses being transferred over the spectrum of load-
bearing interconnections of bone, muscle, fascia, ECMs, integrins, cell-cell
junctions, cytoskeletal elements and nuclear scaffolds.

At a macrolevel, other researchers have used tensegrity modelling for
robotics (Rieffel et al 2007) as well as aerospace research on passive and
active damping of vibration (Chan et al 2004).

Additional explanations for the effects of stimuli such as WBV reside
in the concepts of piezoelectric-crystal vibration and tensegrity modelling.
In the realm of opto-mechanics these two concepts come together at mate-
rial interfaces which are required for space flight. Geodesic domes and
tensegrity structures are ridged, yet adaptable and dynamic. Most high-
precision measurement instrumentation such as interferometers need
to be ridged stable structures that do not drift or vibrate, but the align-
ments and phase shifting for measurements are usually controlled by
piezoelectric transducers. In terms of the human body it may well be that
piezoelectric crystal modelling is relevant to fluid dynamics and the
hydroxyapatite calcium phosphate crystal complex of bone.

As an important mechanotransduction mechanism, it has been demon-
strated that the response of bone cells to hydrostatic pressure and fluid
shear stress is dependent on lipid rafts in plasma membrane cholesterol
(Ferraro et al 2004, Yang & Rizzo 2006). Prostaglandin E2 Nitrous Oxide,
data of flow-induced PGE2 and NO production demonstrate that the
mechanical loading of bone is sensed by osteoblastic cells through fluid-
mediated wall shear stress rather than by mechanical strain per se (Smalt
et al 1997). Activation of fluid shear stress to osteoblasts causes the cad-
herin-associated junctional protein beta-catenin to translocate into the
nucleus, where it activates gene transcription (Norvell et al 2004). Further-
more, depletion of plasma membrane cholesterol has been shown to
dampen hydrostatic pressure and shear stress-induced mechanotransduc-
tion on osteoblast cultures (Ferraro et al 2004). Therefore, mechanical
stimulation prevents osteocyte apoptosis through the activation of ERK
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Figure 2.12 Summary of the biomechanical and clinical effects of vibration on muscle
and bone.

via integrins and cytoskeletal and catalytic molecules such as Src kinase
(Plotkin et al 2005). More recently, Skerry (2008) suggested that glutamate
saturation of osteoblasts via glucocorticoid and/or kynurenine pathways
was a mechanism whereby low-frequency WBV could maintain and even
improve bone mass (Fig. 2.12). It is worth speculating that such mechani-
cal strain may be induced by WBV both directly and/or indirectly through
the hydrostatic elements within bone. The specific relevance to bone vibra-
tion frequency will be discussed in the following chapter.

Theories of motor learning based on principles of oscillatory bodies and
an inverted pendulum were used to justify the construct validity of WBV.
WBYV represents potential anabolic stimuli at exceedingly low levels and
duration of mechanical loading. Energy imparted into the body by WBV
falls into existing theories on kinetic and potential energy, as well as
simple harmonic motion, resonance frequencies and concepts of stiffness.
Parallels can be drawn between plyometric resistance training and WBV.
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Inverse dynamics explains the total kinetic chain impact of WBV. Simi-
larly, tensegrity modelling was used to describe the stabilizing potential
of WBV at a macro-level. Finally, at a microlevel, the tensegrity model
suggests that stress proteins such as HSPs and cytoskeletal filaments help
explain the potent anabolic effect of mechanical stimuli on soft tissue,
blood vessels and bone.
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Theoretical considerations in the
clinical application of WBV to
sarcopenia, osteoporosis and

metabolic syndrome

Martin Krause

Whole body vibration (WBV) has been advocated as a training regimen
for improving power in athletes and functional sit to stand, ambulatory,
reaching and balancing capacity in the elderly. WBV has also been advo-
cated as a therapeutic tool for improving several conditions including
osteoporosis and sarcopenia. Although WBYV is becoming more frequently
used in gyms and among athletes, the effects on the musculoskeletal
system have been reported most significantly in the older population and
in those who could be considered as deconditioned or vulnerable, such as
people undergoing prolonged bed rest or space flight. Because of the rela-
tively recent development of WBV, some of the research supporting WBV
is tenuous at best. Hence, this chapter will explore some of the theoretical
possibilities and sites of action of WBV in diseases such as osteoporosis,
sarcopenia and metabolic syndrome.

The majority of the literature examines the effect of WBV on muscle
function. As stipulated previously, strengthening regimens using WBV
have proposed that the mechanism acts purely on neurophysiological
reflex mechanisms induced in the muscles, skin and joint receptors. Addi-
tional to these mechanisms, theories of tensegrity (Ingber 2006, Sultan et al
2004) suggests that direct mechanotransduction of vibration to ‘cell-cell
adhesion molecules” and unconventional myosin motors at a cellular cyto-
skeletal level are also likely to have a significant impact on the pre-stress
and hence health of muscular tissue through the additional influx of
mechanical kinetic and potential energy which the WBV imparts. Further-
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more, theories from tensegrity may have an important bearing on explain-
ing the effect of WBV on trabecular bone function.

Muscle function is commonly associated with the movement needed to
participate in activities of daily living, including lifting and ambulation.
These activities will have varying effects on metabolic function depending
upon the degree of loading which determines the amount of stress per-
ceived by the system. The degree to which the system can counter this
load is the ‘strain’. Primarily due to suboptimal muscle function, serious
issues of morbidity with far-reaching economic consequences have
occurred in recent decades from the increasingly sedentary nature of
occupational endeavours, the passivity of leisure activities and the auto-
mation of transport. Metabolic syndrome alone will cost Western society
trillions of dollars. Therefore, the optimization of muscle function should
be a primary concern for many healthcare organizations, since strategies
to reverse or prevent muscle atrophy are considered to address many of
the comorbidity factors of diabetes, osteoporosis, cardiovascular disease
and impaired immune function.

Sarcopenia

The loss of muscle mass commencing in the fourth decade of life is termed
sarcopenia (Morley et al 2001). This has significant consequences on mor-
bidity and vitality as skeletal muscle contains 50-75% of the human body’s
proteins and represents a store of energy and nitrogen which become a
vital supply of fuel for the immune system, as well as a substrate for
wound healing during malnutrition, injury and disease (Rasmussen &
Phillips 2003). Lean muscle mass accounts for 90% of the cross-sectional
area in active young men, but only 30% of that area in frail older women
(Rosenberg & Roubenoff 1995). The prevalence of clinically significant
sarcopenia is estimated to range from 8.8% in ‘young old” women to 17.5%
in ‘old old” men (Morley et al 2001). Sarcopenia has far-reaching conse-
quences for people’s health including:

e immobility;

e impaired immune function;

* impaired bone structure;

e increased morbidity due to increased incidence/risk of falls;

e metabolic syndrome (diabetes, high blood pressure,
hyperlipidaemia, heart disease and obesity); and

e low back pain.

Muscle atrophy is the first step along a cascade of events leading to sar-
copenia. Whereas muscle atrophy is reversible, sarcopenia is considered
by most people as non reversible. In turn sarcopenia leads to reduced
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mechanical loading of bones which generates osteopenia while body fat
content is increased through the consequential reduction in basal meta-
bolic rate (BMR). Since muscle mass is considered a ‘sink” for insulin, the
consequences of reduced BMR and increased fat content are magnified
with the addition of insulin-resistant diabetes. Ideally, we maintain our
muscle mass throughout life as most people believe that, once we lose it,
it is gone for ever.

WBV and muscle function

WBYV has been used successfully to reduce paraspinal muscle atrophy
during 8 weeks of bed rest (Belavy et al 2008). Significant improvements
in fat-free mass and a 24.4% improvement in knee extension strength was
demonstrated after 24 weeks of three times per week of WBV (Roelants
et al 2004b). In another investigation, using a population of postmeno-
pausal women, these authors demonstrated improved knee extensor
muscle strength (16%) and improvements in counter movement jump by
2.8% after 12 weeks of WBV training (Roelants et al 2004a). Enhanced
stability in movement velocity, maximum point excursion and directional
control was shown with 20Hz, 3 mins/day, 3 days/week of WBV for 3
months in older women (Cheung et al 2007). The results of a 6-week train-
ing programme of WBV with 42 elderly nursing home residents were
presented to the World Health Organization; seven items of the SF-36
improved, which included physical function (143%), pain (41%), vitality
(60%) and general health (23%). Also, improvements in the quality of
walking (57%), equilibrium (77%) and, get up and go, (GUG) 39% were
shown (Bruyere et al n.d.). However, a subsequent publication by the
same authors demonstrated much less significant results (Bruyere et al
2005). Moreover, similar to an investigation by Bautmans et al (2005) (see
Table 3.1), the standard deviations suggest that there were large improve-
ments in some people and not in others. If this is the case, then individual
exercise prescription is critical to clinical outcome. Additionally, elderly
populations have reduced heat shock protein (HSP) function suggesting
that the recovery period between bouts of WBV may be critical.*

Immune function and sarcopenia

Viewing muscle as an organ of the immune system has become a rather
novel and intriguing health issue. Tantalizing speculation from an anthro-
pometrical perspective would suggest that as our forebears left the

*Heat shock proteins (HSP) are small proteins, or ‘molecular chaperones’, considered to
be essential for life. They are activated by ‘stessors’ such as heat and cold, as well as by
pathogens (Cubano & Lewis 2001).
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savannahs of Africa they would have required lean muscle mass for prac-
tically every aspect of life including hunting, ambulation and even ther-
moregulation. Additionally, lean muscle mass represented an important
sink of protein which the immune system could draw upon when it
encountered new pathogens in the regions where they were treading for
the very first time. In contrast, modern men and women ambulate far less
than previous generations, use air conditioning and central heating for
thermoregulation and usually do not go hunting with a spear. Therefore,
modern muscle is underutilized and could represent a danger of leaving
our other organs to ‘fend for themselves’. It is plausible that WBV could
represent unique myogenic stimuli which could enhance immune func-
tion through the hypertrophy of muscle tissue, activation of HSP, enhanced
modulation of cytokines, improved phagocytosis and muscle-induced
changes to lymphatic drainage.

WBYV training was found to be as efficient as a fitness programme for
increasing isometric and explosive knee extension strength and muscle
mass of the upper-leg in community-dwelling older men (Bogaerts et al
2007). This is significant as even a 10% loss in lean body mass (LBM) cor-
responds with impaired immune function (Demling & DeSanti 1997) and
a loss of approximately 30% of the body proteins can result in death
(Rasmussen & Phillips 2003). During severe trauma, such as burns, the
need for essential amino acids drives the catabolic loss of protein from
skeletal muscle, which can be as high as 1% per day of illness (Griffiths
et al 1999). Accelerated muscle proteolysis is the primary cause of this
loss of LBM, which is characteristic of many diseases (Mitch & Goldberg
1996). Some peptides generated by the breakdown of cell proteins are
transported to the cell surface where they are presented to cytotoxic lym-
phocytes, which in turn destroy cells presenting as foreign (e.g. viral)
peptides (Mitch & Goldberg 1996). Consequently, successful ageing has
been associated with the preservation of muscle mass (Mariani et al 1999)
as this would allow these individuals to draw on their store of protein for
any infectious-inflammatory-immune responses.

Increased cytokine activity has been associated with ageing and muscle
weakness (Ferrucci et al 2002). This age-associated progressive dysregula-
tion of immune response (Apovian 2000) is seen in older women with high
interlukin (6) serum levels who have a higher risk of developing physical
disability and experience steeper declines in walking ability than those
with lower levels (Ferrucci et al 2002). However, the statistical interaction
of IL-6 concentration with disability was shown to be non-linear and the
progression of disability with IL-6 concentration over time was not inves-
tigated (Ferrucci et al 2002). Therefore, it is difficult to conclude whether
elevated levels of IL-6 are the cause or the effect of skeletal muscle weak-
ness (Ferrucci et al 2002; Bruunsgaard et al 2003). Furthermore, other
authors suggest the IL-6 inhibits TNF-alpha production and insulin resis-
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tance (Bruunsgaard et al 2003). Nevertheless, a cycle of inactivity with a
chronically impaired inflammatory-immune response is plausible. There-
fore, exercise apparatus which stimulates muscle kinetic strength and
hence power should inherently enhance cytokine regulation through the
anabolic input of enhanced functional capacity.

Blottner et al (2006) used 55 days of bed rest and WBV to demonstrate
the preservation of muscle tissue in the soleus muscle. The disrupted
pattern of myofibres, with a transformation by up to 140% from type I to
type II phenotype (slow to fast twitch), did not occur in the vibration
group (Fig. 3.1). Moreover, these researchers were able to demonstrate
increased nitrous oxide synthase (NOS) in the soleus muscle of the WBV
group (Figs. 3.2 and 3.3). They stated that this was significant as NOS1 is
associated with the sarcolemmal dystrophin-glycoprotein complex via
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Figure 3.1 Determination of myofibre ratio (type I vs ll) in (A) vastus lateralis and
(B) Soleus biopsies of the control versus vibration group.

Reprinted from Blotiner D, Salanova M, Puttmann B et al (2006) Human skeletal muscle structure and function
preserved by vibration muscle exercise following 55 days of bed rest. European Journal of Applied Physiology
97:261-271, with permission from Springer.
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Figure 3.2 (A and B) Expression of muscle fibre activity marker nitrous oxide synthase
(NOS1) in subject-matched soleus SOL muscle biopsies.

Reprinted from Blottiner D, Salanova M, Puttmann B et al (2006) Human skeletal muscle structure and function
preserved by vibration muscle exercise following 55 days of bed rest. European Joumal of Applied Physiology
97:261-271, with permission from Springer.

syntropin, which is linked to the subsarcolemmal actin network (Bredt
1999).

WBYV represents a unique stimulus as its kinetic energy acts directly on
the muscle architecture. Similar stimuli such as plyometrics would nor-
mally result in broadening and streaming of the Z bands, suggesting
muscle damage during eccentric exercise which gives rise to the familiar
feeling of delayed-onset muscle soreness (DOMS) with its concomitant
release of proinflammatory neurogenic cytokines. This can lead to immo-
bility even in healthy young adults and can be a significant disincentive
to exercise. Conversely, unlike eccentric exercise such as plyometrics and
progressive resistance training, when applied correctly, WBV represents
a milder and more dose-specific form of exercise for the promotion of
pro-anabolic hormones for muscle growth which may subsequently aid
in the modulation of pro- and anti-inflammatory cytokines.
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Figure 3.3 (A & B) Expression of muscle fibre activity marker nitrous oxide synthase
(NOS1) in subject-matched vastus lateralis muscle biopsies.

Reprinted from Blottner D, Salanova M, Puttmann B et al (2006) Human skeletal muscle structure and function
preserved by vibration muscle exercise following 55 days of bed rest. European Joumal of Applied Physiology
97:261-271 with permission from Springer.

Besides cytokines, HSP have also been implicated in enhanced immune
function with regular exercise. Unfortunately, numerous attempts to link
exercise to meaningful alterations in immune function have been largely
unconvincing (Moseley 2000). It has been argued that it is the local as
opposed to the global immune system activation by HSPs which is at the
core of immune effects of exercise (Moseley 2000). HSPs are involved in
protein folding and sorting, in the assembly of protein complexes and in
the binding of denatured proteins, and are primarily induced in response
to stress (Puntschart et al 1996). Exercise may provide a hormonal stimu-
lus to regulate HSP proteolysis. Recently, rodent investigations have dem-
onstrated that insulin-like growth factor 1 (IGF-1) inhibits both lysosomal
and ubiquitin-proteasome-dependent stress protein breakdown in skele-
tal muscle (Fang et al 2002), thus suggesting a hormonal regulating mecha-
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nism. Significantly, increased IGF-1 concentrations have been demonstrated
near the Z bands in the elderly after a resistance training regimen (Urso
et al 2001). In particular, eccentric exercises have been associated with
damage to these Z bands (Fielding et al 1996). Presumably there is a role
for HSP during the recovery from such damage.

In rodents, overloading of atrophied muscles, after a period of immo-
bility, stimulates early increases in IGF-1 in slow twitch oxidative red
fibres more than in fast twitch glycolytic white fibres. Release of IGF-1
was considered to be part of the myogenic reactive compensatory process
of muscle hypertrophy (Adams et al 1999). IGF-1 induces muscle regula-
tory factor (MRF), which is facilitated by the inactivation of glycogen
synthase kinase (GSK-3beta). This has the potential not only to aid in
hypertrophy but also to stimulate myoblastic regrowth (van der Velden
et al 2006). In contrast, HSP25 released after muscle overload was greater
in the fast twitch plantaris than in the slow twitch soleus, and occurred
immediately on overloading and was shown to be greatest between 3
and 7 days post stimuli. Similarly, turmour necrosis factor alpha (TNF-
alpha) was increased in the fast twitch plantaris muscle but not in the slow
twitch soleus 0.5-2 days after overloading. This last finding was associ-
ated with HSP25 in C2C12 myotubes, suggesting greater mechanical stress
inflammatory responses in the fast twitch muscles (Huey et al 2007).
Therefore, the direct correlation between IGF-1 production in muscle and
the regulation of protein synthesis after HSP-induced proteolysis as a
result of exercise-induced trauma is tenuous at best. Nevertheless, taken
together these investigations demonstrate marked immune reactions
within deconditioned muscle after exercise.

Consensus indicates that ‘moderate exercise’” may enhance immune
function and may reduce the incidence of infection while long-term
exhaustive exercise results in immunosuppression and an increased sus-
ceptibility to infections (Armstrong & VanHeest 2002, Dressendorfer et al
2002, Gleeson 2000, Pedersen et al 1998, Woods et al 1999). This is consis-
tent with Ji (2002), suggesting that the major benefit of non-exhaustive
exercise is to induce a mild oxidative stress that stimulates the expression
of antioxidant enzymes, as well as the induction of IGF-1 (Fang et al 2002)
seen in resistance training (Fiatarone Singh et al 1999, Urso et al 2001).
Additionally, resistance training accompanied by nutritional supplemen-
tation has been shown to result in significant muscle hypertrophy
(Fiatarone et al 1994). Biomechanical principles dictate that, for the same
force, the strain in a skeletal muscle is reduced proportional to the skeletal
muscle’s cross-sectional area (Hunter et al 1998). Therefore, if contractile
skeletal muscle mass is maintained or enhanced, then it is plausible that
a greater spectrum of ‘moderate exercise’ can be entertained.

Correctly dosed and progressed WBV probably represents moderate
exercise in the vulnerable populations such as the frail elderly, those
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having undergone prolonged bed rest and people suffering from obesity,
diabetes and/or cardiovascular disease. Inflammation and ischaemic
reperfusion activates both pro- and anti-apoptotic events in cultured
endothelial cells (Yang et al 2006). Ninety minutes of cycling at 2400 m
altitude with a 30-Hz, 4-mm amplitude vibration significantly increased
vascular endothelial growth factor (VEGF) (Suhr et al 2007). Yang et al
(2006) stated that cholesterol-rich, plasma membrane rafts serve an orga-
nizational and integrational role in signal transduction which can be
activated by oxidative stress. Moreover, HSP27 and HSP70 have been
implicated in these inflammatory reactive oxygen species (ROS)-related
processes. Rittweger et al (2001) examined oxidative stress, by using
26-Hz, 6-mm WBV to demonstrate increased oxygen consumption of
4.5 mL/min/kg. By using oxygen at 20.9 J]/mL = 1.6 W (kg body mass)
and walking speed at 0.4 m/s it can be calculated that this requires
2.3 mL/min/kg; therefore 3 min of standing, squatting and holding
weights during WBV is metabolically comparable to walking.

Although Cubano and Lewis (2001) using in vitro space flight simula-
tion reported that vibration stress per se had not been shown to affect
HSP70, their data demonstrated that vibrated cells underwent an oxida-
tive stress whereby glucose consumption was increased and that a
decrease of approximately 30% in RNA for HSP70a/b occurred 48 hours
after vibration. When prescribing moderate exercise, these findings may
have important implications for the period between doses of WBV. In fact,
similar to progressive resistance training (PRT), the consensus may be a
stimulus every 72 hours for the treatment of conditions such as metabolic
syndrome.

Importantly, WBV is dose-sensitive and can be applied for short periods
of time and in varying degrees of weight-bearing using apparatuses such
as the tilt table, or by simply loading the body in various positions of knee
bend, one- or two-legged standing, with/without free weights. The safety
of the methodology can be extrapolated from the data of Roelants et al
(2004a) in which after 24 weeks of 35-40-Hz, 2.5-5.0-mm WBY, only one
person dropped out due to anterior knee pain compared with six in the
PRT group. Similarly, Bautmans et al (2005) demonstrated a 96% comple-
tion rate with three times per week for 6 weeks of 30-40 Hz of WBYV, and
Kawanabe et al (2007) reported no serious adverse events in elderly people
during 12-20 Hz, 4 min, once per week over 2 months.

Interestingly, some of the same elements discussed in the previous
chapter regarding tensegrity and WBYV are also considered to be involved
in protection against apoptosis. Oxidants have been shown to impair
formation of focal adhesion by stimulating the activity of calpain, leading
to degradation of talin and alpha-actinin. Moreover, cell migration requires
the involvement of membrane protrusion and the development of new
adhesions using actin polymerization and integrin engagement through
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Figure 3.4 Physical coupling of adhesion molecules to the actin polymerization
machinery. (Left) The Arp2/3 complex is directly recruited to sites of integrin engagement
through an interaction with the linker region of vinculin, an integrin-associated protein. (Right)
The Arp2/3 complex is recruited to sites of cell-cell adhesion through an interaction with
E-cadherin. Recruitment of the Arp2/3 complex to E-cadherin is thought to localize actin
polymerization to sites of cadherin engagement.

Reprinted from DeMali KA, Burridge K (2003) Coupling membrane protrusion and cell adhesion. Journal of Cell
Science 116(12):2389-2397, with permission from marketing@biologists.com.

transient binding of actin-related protein (Arp2/3) to vinculin (DeMali
et al 2002). Together this is significant, as coupling of the membrane
protrusions with cell adhesion through cell migration, using cadherin-
mediated junction formation, are important elements of phagocytosis seen
in the immune system when tissue needs repair (see Fig. 3.4; DeMali &
Burridge 2003). Presumably, WBV has the capacity to directly stimulate
these cytoskeletal elements as well as stimulate anti-oxidants such as HSP.

Osteoporosis affects over 25 million Americans alone. It is more prevalent
in Caucasian cultures and contributes to morbidity in the increasingly
ageing population (Kuruvilla et al 2008). Rittweger (2008) argued strongly
for a muscle-bone hypothesis with an intriguing motor control element,
restricting maximal load and hence bone density, on articular joint size.
Evidence for muscle bone interaction during WBV comes from Ver-
scheuren et al (2004), who found that 6 months of WBV training increased
muscle strength and hip bone mineral density (BMD) in postmenopausal
women. Skerry (2008) argued that a single saturating load of only 72 s will
load the bone sufficiently to produce a maximal osteogenic loading
response. This was based on the work by Rubin and Lanyon (1984), in
which they showed that 8 s of loading, four times in a 24 hour period, was
sufficient to produce maximum bone loading response in the wings of
chickens. Moreover, it was suggested that, if a single loading cycle is
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repeated in two, three or four separate bouts, then this effect is not only
sustained but enables long-term potentiation through glutamate signaling
(Fig. 3.5; Skerry 2008). Further research by Rubin et al (2001) using a
28-day hind-limb suspension protocol in mice confirmed that disuse alone
resulted in a 92% reduction in bone formation rates, which reduced to 61%
if this was interrupted by 10 min weight-bearing, but moreover this reduc-
tion was completely normalized with 10 min of 90-Hz, 0.25-¢ vibration
therapy. This has important implications for people undergoing long
periods of bed rest.

When reconsidering the tensegrity model, the repeated loading
of WBV could be representing enhanced pre-tension on trabecular struc-
ture through the effect of vibration on bone rheology. Jordan (2005) con-
sidered bone perfusion to correlate with bone density. However, Cardinale
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Osteoclast
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Mononuclear Osteoblast/
marrow adipocyte
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Figure 3.5 Sites of expression of components of the glutamatergic signalling
mechanism within bone. Osteoblasts express pre- and postsynaptic components and
glutamate, whereas osteoclasts, osteocytes and megakaryocytes express a more restricted
subset of post synaptic receptor components (Skerry 2008).

NMDA = N-methyl-D-aspartate

AMPA = a-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate

Reprinted from Trends in Pharmacological Sciences 22/4, Skerry and Genever (2001), with permission from Elsevier.
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et al (2007) found little difference in medial gastrocnemius and vastus
lateralis muscle perfusion after 110 s of static squatting using 30-, 40- and
50-Hz WBYV in young men. Conversely, Stewart et al (2004) used peri-
menopausal women, tilted at 35°, to demonstrate 20-35% enhancements
in blood flow in the calf (30%), pelvis (26%) and thoracic regions (20%)
with 45-Hz, 2g, 2-m* (vertical displacements 25 pm) WBYV. Hypoxia
together with vibration-induced shear stress was demonstrated to induce
angiogenesis during 90 min high intensity cycling at altitude with 30-Hz
(4-mm) WBV (Suhr et al 2007). Since the tensegrity model requires fluid
to counterbalance the tensile elements it is worthy of speculation that
increased perfusion would positively influence bone mass.

Since WBV can be shown to improve functional capacity in the SF-36
(Bruyere et al 2005), then this enhanced activity alone should improve
BMD. More importantly, for the bed-ridden person any training regimen
which prevents and/or attenuates the loss of muscle mass and bone
density should improve quality of life. Belavy et al (2008) used WBV of
19-26 Hz, with amplitude 3.5-4 mm, 1.2-1.8¢, to reduce lumbar spine
multifidus deconditioning with bed rest. WBV of 18 Hz, using explosive
squats-in-supine, prevented bed rest atrophy and improved maximal
amplitude on electromyogram by 30% from day 10 onwards. However,
this was task-specific at the peripheral motor unit site and hence did not
prevent task-non-specific loss of function (Mulder et al 2007).

Clinical effects of WBV on bone density

Gusi et al (2006) demonstrated in their WBV group BMD femoral neck
increases of 4.3% more than in their walking group. However, BMD of
the lumbar spine remained unaltered in both groups. Judex et al (2007)
used ovariectomized rats to demonstrate greater trabecular volume (22
and 25%) and thicker trabecular structure (11 and 12%) in the epiphysis
of the distal femur at 90-Hz WBV compared with 45-Hz, despite strain
rates and magnitudes being significantly lower at 90 Hz than at 45 Hz
(Fig. 3.6). Extrapolation to humans would need to consider the effect
of muscle resistance on the amplitude of oscillations. As muscles
contract, they would generate greater stiffness, thereby damping the
amplitude of oscillation. Iwamato et al (2005) demonstrated no difference
in BMD but their training stimuli was only 20 Hz, once per week, lasting
4 min.

Additional investigations carried out on animals which need mention-
ing are those by Flieger et al (1998), who conducted trials over 12 weeks
with ovariectomized rats. The rats were they placed under vibration at a
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Figure 3.6 Microphotos of undecalcified cortical bone cross-sections prepared from
mid-diaphyseal tibiae of 1-year-old female rats submitted to ovariectomy (OVX) and
vertical vibration [WBV 45 Hz (3.0g), 30 min/day for 90 days]. The sections were studied
by fluorescence microscopy (A and B, original magnification x250) and by polarization
microscopy (C and D, original magnification x250). Calcein was injected at day 63 (arrowhead)
and tetracycline at day 84 (arrow). The polarization microscopy showed lamellar bone, formed
and located circumferentially during the labelling period. Horizontal bars = 50 pm.

Reprinted from Bone 32/1, Oxlund et al (2003), with permission from Elsevier.

frequency of 50 Hz, amplitude 2¢ for 30 min every day. These authors
found that the experimental group had significantly less bone loss than
the sham group and the control group. Oxlund et al (2003) also studied
the effect of low-intensity and high-frequency vibration on bone mass,
bone strength and skeletal muscle mass in the adult ovariectomized rat
model, by comparing different vibration frequencies, 17 Hz (0.5g), 30 Hz
(1.5¢) and 45 Hz (3.0g), with a control group and a sham group. Vibrations,
with amplitude of 1.0 mm, were given for 30 min every day for a total of
90 days (Fig. 3.6). The result was that vibration at 45 Hz increased perios-
teal bone formation rate, inhibited the endocortical bone resorption and
inhibited the decline in maximum bending stress and compressive stress
induced by the ovariectomization. Vibration did not influence the skeletal
muscle mass. One can note that this is in agreement with Rubin’s findings,
which supports the idea of a possible direct beneficial effect of this kind
of treatment on the preservation of bone (Figs 3.7 and 3.8).
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Figure 3.7 Mechanical force in the cellular environment.
Reprinted from Gene 367, Rubin et al (2006), with permission from Elsevier.

Figure 3.8 Mechanical input from 20 min per day of 30 Hz of 0.3g mechanical vibration
for 1 year improves trabecular structure.
Reprinted from Gene 367, Rubin et al (2006), with permission from Elsevier.

Obesity significantly exacerbates the deleterious effect of diabetes, dyslip-
idemia and hypertension. Regular exercise involving energy expenditure
has been advocated by various health authorities to tackle obesity. Simi-
larly, regular exercise can improve muscle mass, which is an important
‘sink” for the action of insulin. Importantly, the convenience and comfort
of exercise are variables which influence training programme compliance.
WBYV is a time-efficient and convenient method of training.

Rittweger et al (2001, 2002) calculated the energy consumptions of
various exercises with WBV and compared these with walking. Vibration
elicits a metabolic muscular response and therefore is not a passive form
of exercise. During 3 min of WBV training oxygen consumption increased
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by 4.5 mL/min/kg. Using oxygen at 20.9 ]/mL = 1.6 W (kg body mass) it
can be calculated that walking speed at 0.4 m/s requires 2.3 mL/min/kg,
which means that WBV is metabolically comparable to walking in an
elderly frail population. Using 18-34-Hz, 5-mm amplitude, with the addi-
tion of 40% lean body mass attached to waist and later shoulders, achieved
a linear and significant increase in oxygen consumption from 18 to 34 Hz;
at 26 Hz the oxygen consumption increased more than proportionally
with amplitudes increasing from 2.5 to 7.5 mm (Rittweger et al 2002).
Roelants et al (2004b) used 24 weeks of WBV to achieve a fat-free mass
(FFM) increase of 2.2%. Significant increases in strength in WBV of 24.4 +
5.1% and in a training group of 16.5 £ 1.7% were also shown.

Animal studies (Rubin et al 2007) using 5 days per week, 15 min of 0.2g,
90-Hz WBV found inhibition of adipogenesis by 27%, reduced nonesteri-
fied free fatty acid and triglycerides by 43 and 39%. Over 9 weeks fat
production was suppressed by 22% in chemically (C3H.B6-6T) accelerated
age-related mice. Mesenchymal stem cell differentiation into adipocytes
reduced by 19%. However, it is difficult to make a direct clinical compari-
son as the training dose used was double that used in humans. Until
further investigations are made, it would seem that, in the absence of
contraindications, the WBV training therapy would be an appropriate
approach when one considers the morbidity and socio economic costs
associated with metabolic syndrome.

Conclusion

Although many questions remain, this chapter highlights some of the
potential sites of action of WBV. These include the direct training affect
of WBV in maintaining and improving muscle mass which may act as a
metabolic & immune organ important for survival. However, the direct
effects of WBV on immune function remain highly speculative. Never-
the-less, enhanced quality of daily functional activities due to increased
strength would intuitively improve the body as a whole. Furthermore, the
effects of WBV on blood flow & bone mineral density suggest an impor-
tant role in the prevention & treatment of osteoporosis. Taken together
these studies attempt to describe the construct validity for future research
based on a receptor and molecular level of the potential effects of WBV in
the treatment and prevention of morbidity issues associated with aging.
Clinically, practitioners now have a new horizon to explore whereby
improvements in their clinical outcomes are the ultimate goal when
working with ‘at risk” sedentary and aging populations. In this manner
practice based evidence and evidence based practice can evolve together
to determine the usefulness of WBV.
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Indications and contraindications

in the clinical application of WBV

Immediate and long-term effects and
their influence on the selection of dosage

Alfio Albasini and Martin Krause

Whole body vibration (WBV) has been advocated for:

¢ Improvement in function

get up and go (GUG) test;

balance;

counter movement jumping;

muscle power;

muscle length;

muscle strength; and

motor control.

¢ Improvement and/or amelioration of specific conditions
sarcopenia;

osteopenia;

stroke;

parkinson’s disease;

diabetes;

fibromyalgia;

prevention of bed rest-induced muscle atrophy;
low back pain; and

prevention of injury

WBYV may be considered harmful in people with conditions such as:
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* pregnancy;

e acute thrombosis;

e serious cardiovascular disease;

* pacemaker;

e recent wounds from an accident or surgery;

¢ hip and knee implants;

e acute hernia, discopathy, spondylolysis;

e severe diabetes;

e epilepsy;

e recent infections;

® severe migraine;

® tumors;

e recently placed intrauterine devices, metal pins or plates;
¢ kidney stones;

e organ failure; and

e clinical conditions in which WBYV is not indicated.

Clinical research into the acute and long-term effects of WBV gives us
some construct and predictive clinical validity as to the dosage of WBV
under various conditions. Despite the scientific evidence on the benefits
of vibration training, one must be aware that there are several variables
which need to be taken into consideration when interpreting the current
and past results reported in the literature. One of the most important
factors is the variability in the prescription of dosage as well as the pro-
tocols used by different investigators in WBV training, which make direct
comparisons difficult and lead to inconsistent results, thereby making
conclusions derived from randomized controlled trials (RCTs) compli-
cated. However, this variability gives the clinician an insight into deter-
mining the appropriate populations for using WBV through the predicted
clinical outcome which then can define the clinical reasoning process.
Vibration protocols can vary in the characteristic of the vibration (verti-
cal vs rotational) as well as the frequency employed. Abercromby et al
(2007a) in their study determined the effects of static and dynamic
squatting, muscle contraction type using two types of vibration direction,
rotational vibration (RV) and vertical vibration (VV) and removing
large vibration-induced artefacts from EMG data which is what they
also proposed as conclusion of the study. They found that the average
responses of the extensors were significantly greater during RV than VV,
whereas responses of the tibialis anterior were significantly greater during
VV than RV. In their second study, Abercromby et al (2007b) evaluated
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quantitatively vibration exposure and biodynamic responses during
typical WBVT regimens using two different types of vibration, as in the
previous study, rotational vibration (RV) and vertical vibration (VV). The
key finding of this study was that the risk of adverse health effects would
be lower on a short duration exposures to RV (rotational vibration) than
VV (vertical vibration) and at half-squats (small knee flexion angle 26-30°)
rather than full-squats or upright stance. Furthermore, the parameter of
amplitude also varies widely and frequently remains undefined. The
duration of the exposure on the platform and the length of time between
the cessation of the vibration exposure and the commencement of post-
treatment measurements are other important factors which can modify
the outcome of the clinical results. Additional variables include the posi-
tion of the body during WBYV, the degree of muscle contraction which can
affect the biological response to vibration (Griffin 1997) and the specific
movements tested following the vibration treatment.

As the populations using WBV vary markedly, so do the outcome
measures. It has been reported that WBV may be an effective intervention
for warming up for athletic events as well as for general exercise regimen
(Cochrane et al 2007, Jordan et al 2005). Other investigations report sig-
nificant improvements in disability and vitality measures in institutional-
ized elderly people (Bautmans et al 2005, Bruyere et al 2005, Kawanabe
et al 2007, Roelants et al 2004a,b), while others have reported improve-
ment in measures of strength in animals (Rubin et al 2007), blood flow
(Stewart et al 2004) and bone mineral density (BMD) (Verschueren et al
2004) in post- and perimenopausal women. Additionally, neurological
conditions such as Parkinson’s disease (Haas et al 2006), multiple sclerosis
(Schuhfried et al 2005) and stroke (van Nes et al 2004) have also been
treated with WBV. Hereby, it can be seen that the populations using WBV
vary widely, which makes comparisons difficult. Nevertheless, what can
be gleaned from these investigations is that a frequency of <20 Hz is used
for muscle relaxation, whereas those between 26 and 44 Hz are used for
improving issues related to muscle power and strength. Stimulation to the
lower limbs above 50 Hz is thought to cause severe muscle damage
(Rittweger et al 2002a). Duration generally does not exceed 10 min, in
which the total initial stimulation is in the order of a few minutes with
breaks between repetitions. Thus, the duration is progressive and incre-
mental, depending upon the clinical outcomes being achieved.

Acute effects of WBV using the variables of duration, frequency,
body positioning and amplitude

Most of the investigations to date have concentrated on the effect of WBV
on functional neuromuscular performance in terms of muscle power and
strength. In particular counter movement jump (CM]J), vertical jump,




Indications and contraindications in the clinical application of WBV

68

running speed and balance have been used as outcome measures. Other
measures of the acute effects of WBV were taken using hormonal concen-
trations and cardiovascular changes. Moreover, the acute effects of WBV
vary, depending upon the loading capacity and condition of the indi-
vidual. Therefore, the dosage prescribed must be safe while still represent-
ing an efficacious loading for stimulating anabolic responses to the
musculoskeletal system.

Amplitude and frequency

Rittweger et al (2002b) investigated the effect of frequency and dem-
onstrated that vibration at an amplitude of 5 mm was accompanied by a
linear increase in oxygen consumption from 18 to 34 Hz and that at 26 Hz
the oxygen consumption increased more than proportionally with ampli-
tudes from 2.5 to 7.5 mm.

Bruyere et al (2005) used peak-to-peak amplitudes of 3 and 7 mm with
10 and 26 Hz using a crossover design in institutionalized elderly. A verti-
cally oscillating platform was used to determine the optimal WBV stimu-
lus (frequency x amplitude), 2 and 4 mm at 25, 30, 35, 40 and 45 Hz.
Unfortunately these authors did not report specifically on any variation
in effect of these changes in parameters, and ideally the amplitude should
have been changed without any changes in frequencies to really deter-
mine the effect. Nevertheless, it was found that higher WBV amplitude
(4 mm) and frequencies (35, 40, 45 Hz) resulted in the greatest increases
in electromyogram (EMG) activity (increase in vastus lateralis by 2.9-6.7%
in static and 3.7-8.7% under dynamic conditions: Hazell et al 2007).

Body positioning and fatigue

Body positioning and its acute effects is another parameter which can
define the prescription of dose. A person standing on a platform requires
muscle activation from the lower limbs in order to dampen the vibrations
coming up from the vibrating plate (Rubin et al 2003, Wakeling et al 2002).
Using intramedullary pins in the greater trochanter and L4 vertebra,
researchers were able to demonstrate decreased transmissibility of vibra-
tion with varying postures. In relaxed stance transmissibility reduced to
30%, with 20° knee flexion transmissibility reduced to 30%. Additionally,
a phase-lag, as high as 70°, occurred between the hips and lumbar spine
(Rubin et al 2003). In this study, a unique vibration platform developed
for use in a clinical setting was used to impose the WBV. The platform
was driven to provide a force of 36Np_p at all loading frequencies, with
data collection recorded at 2 Hz, intervals at 15 Hz and finishing at 35 Hz.
Rittweger et al (2001) measured an increase in the rate of oxygen con-
sumption during the exposure to vibration. During this research, these
investigators not only utilized WBV training but also added dynamic
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changes in body position in addition to extra loads of up to 40% of the
subject’s body weight at their waists until exhaustion. Rittweger et al
(2001) tested 37 young healthy subjects standing with their feet 15 cm
away from the axis of rotation on either side of a platform with a horizon-
tal displacement. Vibration frequency of 26 Hz and a peak acceleration
force of 15¢ were used. The authors compared two WBV exercise sessions
with bicycle ergometry. Heart rate, blood pressure and oxygen uptake and
perceived exertion on Borg’s scale increased. Systolic arterial blood pres-
sure and heart rate were found to have increased after WBV but less so
than after bicycle ergometry. In contrast, diastolic blood pressure had
decreased only after WBV. However, after WBV, jump height was reduced
by 9.1%, voluntary force in knee extension reduced by 9.2% and the
reduced muscle electromyography (mEMG) during maximal voluntary
contraction was attenuated. Taking these results together, one can hypoth-
esize that there are probably two mechanisms of fatigue a neural one and
a muscular one. Furthermore, this demonstrates that WBV elicits a meta-
bolic muscular response and therefore is not a passive form of exercise.
Oxygen consumption is increased 4.5 mL/min/kg Rittweger et al (2001);
this is comparable to walking at 0.4 m/s, which requires 2.3 mL/min/kg.

Muscle function

Torvinen et al (2002a), using a randomized crossover design, tested 16
young adults to investigate a 4-min vibration bout on muscle performance
and body balance. A tilting plate, Galileo, was utilized for the intervention
where the subjects were asked to stand in different manners. These
included a relaxed position, light squatting, on the heels, light jumping
and alternating the body weight from one leg to another. The vibration
frequency increased in 1-min intervals from 15 Hz by the first minute to
30 Hz for the last minute. The test was performed on 2 days, WBV versus
non-WBYV, or sham-loading. The peak-to-peak amplitude was 10 mm,
with a maximal acceleration of 3.5¢ (where g is the Earth’s gravitational
field or 9.81 m/s%). Six performance tests were conducted 10 min before
(baseline), and 2 and 60 min after the intervention. Bipolar surface EMG
from soleus, gastrocnemius and vastus lateralis muscles were recorded
during the 4-min bout of WBV intervention. The vibration loading, based
on the Galileo tilting plate, induced a transient increase (especially on the
2-min test) in the isometric extension strength of the lower extremities by
3.2% (p = 0.020), a 2.5% (p = 0.019) benefit in the jump height and a 15.7%
improvement in the body balance (p = 0.049). Interestingly, these effects
were seen at 2 min, but had disappeared more or less completely after
1 hour. A decrease EMG mean power frequency (mpf) of all muscles
during the vibration was seen, indicating that a long-term irritation of the
muscle-spindle by vibration leads to muscle fatigue (Eklund 1972).
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In another study, Issurin and Tenenbaum (1999) examined 14 elite and
14 amateur athletes who were subjected to vibratory stimulation during
bilateral biceps curl exercises using explosive strength exertion. Each
subject performed two separate series of three sets of bilateral biceps curls
in random order. In the second set of one series, a vibration stimulus was
administered through a cable to the handle and therefore to the arm
muscle. The stimulus frequency was 44 Hz with an amplitude of 3 mm.
Elite and amateur athletes showed an improvement of 10.4 and 7.9%,
respectively, in maximal power attributed to vibratory stimulation. In con-
trast, 65-Hz stimulation directly to the biceps tendon reduced neuromuscu-
lar performance (Moran et al 2007). Hence, frequencies of <50 Hz are used.

Hormones and muscle function

Carmelo Bosco, Marco Cardinale and colleagues conducted several inves-
tigations over the past several years whereby they reported that WBV
interventions would enhance strength and power in well-trained people.
Besides the improvements in muscular power, in his PhD thesis, Cardi-
nale (2002) also demonstrated that WBV produces an immediate effect on
hormone levels. These results included increased testosterone by 7%,
increased growth hormone by 460% and reduced cortisol by 32%. The last
finding suggests that WBV is not a stressful experience in physically active
individuals, when the 10-min protocol was subdivided into two sets of
five subsets, lasting 1 min each with a 6-min rest between sets. However,
when a protocol of 7 min of constant WBV was used, vertical jumping
ability actually declined and cortisol concentrations actually rose. There-
fore, precise dosage in terms of sets and rest periods are important.

Bosco et al (1999a) evaluated the influence of vibration on the mechani-
cal properties of arm flexors, in a group of 12 international-level boxers.
The experiment consisted of five repetitions lasting 1 min each with
mechanical vibration (30 Hz, 6-mm displacement). The results showed an
increase in power output by 12% in unilateral bicep curl. Investigating the
lower extremity, Bosco et al (1999b) demonstrated that 10 min (10 times
60 s) of whole body vibration training (WBVT) at 26 Hz with 10-mm peak-
to-peak amplitude, on well-trained volleyball players, improved vertical
jumping ability. In a follow-up investigation, in young men, they dem-
onstrated increased concentrations of testosterone and growth hormone
and also decreases in the blood concentration of the body’s stress hormone,
cortisol (Bosco et al 2000).

These astonishing results on hormones have been used, and abused, by
various companies to promote WBVT and exercises as well as to sell WBV
platforms, as ‘it boosts hormones, like testosterone and growth hormone,
and reduces cortisol and stress whilst enhancing muscle remodelling.’
One should not lose sight of the fact that there are also numerous studies
which do not show any improvement in strength/power performance
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and hormone concentrations. Additionally, several limitations of these
studies include small numbers (1 = 6, 12 and 14), with the latter not ran-
domly assigned and therefore without a control group. Bosco et al (1999a,b)
also did not indicate in either study the duration between the WBVT and
the measurements of their effect, which is essential information for the
reproducibility of these results in future trials.

Two investigations, by De Ruiter et al (2003a) and Di Loreto et al (2004),
demonstrated no improvement with WBVT. In the work of De Ruiter et al
(2003a), subjects exercised on a vibration platform using five sets of 1 min
with a frequency of 30 Hz and amplitude of 8 mm, but with 2 min rest
between sets. The result showed a reduction in maximal voluntary knee
extension force. Of note is the difference in the protocol, in which the
2-min rest period between sets is quite different from other studies. Di
Loreto et al (2004) did not notice any change in serum concentrations of
growth hormone insulin-like growth factor 1 (IGF-1) and free and total
testosterone. In their investigation, WBVT was performed for 10 min at
30 Hz albeit using relatively small amplitude. Since no change in serum
levels of IGF-1 could be seen, investigations of intramuscular IGF-1 may
be more beneficial in determining a muscular growth-stimulating effect.
On a positive note, Di Loreto et al (2004) did find that vibration slightly
reduced plasma glucose (30 min: vibration 4.59 * 0.21, control 4.74 +
0.22 nM, p = 0.049) and increased plasma norepinephrine concentrations
(60 min: vibration 1.29 * 0.18, control 1.01 + 0.07 nM, p = 0.038).

Swelling and erythema

Swelling and erythema of the foot after WBYV, particularly in the first
session and especially in women, was observed by Rittweger et al (2000).
Also itching was reported frequently, but these changes resolved rapidly
if the subjects walked around. The question that arises is whether the
swelling and erythema are caused by vasodilation of supplying arteries
via an increase in perfusion pressure or whether it is a direct mechanical
effect. Since the oedema and erythema were observed on the plantar
surfaces of the feet, i.e. the body part closest to the vibrating platform,
Rittweger et al (2000) concluded that the explanation was a direct
mechanical one.

Blood flow

Another study examined alterations in muscle blood volume (Kerschan-
Schindl et al 2001) with power Doppler sonography of the arterial blood
flow of the popliteal artery. Twenty healthy adults stood with both feet
on a tilting platform in three different positions for 3 min each without
breaks in between. The amplitude was 3 mm and the frequency 26 Hz.
The result of the study demonstrated an increase in mean blood flow
velocity in the popliteal artery from 6.5 to 13.0 cm/s. Other investigators
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have demonstrated enhanced peripheral and systemic blood flow (25—
35%), with improved lymphatic flow and better venous drainage (Stewart
et al 2004). This suggests that low-frequency vibration does not have the
same negative effects on peripheral circulation as seen in occupations with
exposure to prolonged low-frequency vibration.

Proprioception and low back pain

In a pilot study by Fontana et al (2005) the effect of weight-bearing exercise
in conjunction with low-frequency WBV was investigated to determine
whether this combination would improve lumbosacral position sense
in healthy subjects. Since patients with low back pain (LBP) often
present with impaired proprioception of the lumbopelvic region (motor
control dysfunction), which contributes to neuromuscular dysfunction
and thereby impaired segmental stability (O’Sullivan et al 2003), the use
of WBV may provide a useful treatment tool. Twenty-five individuals
(eight men and 17 women) between the ages of 19 and 21 were randomly
assigned to the experimental group (n = 14) and to the control group (n =
11). The experimental group received WBV using Galileo for 5 min with
a frequency of 18 Hz and an amplitude of 10 mm (feet were placed apart).
For the entire time the participants had to maintain a static semi-squat
position during the WBV. The control group adopted the same position
for an equal time but without receiving any vibration. A two-dimensional
motion analysis system measured the repositioning accuracy of the pelvic
tilt in standing was used. The results demonstrated that 5 min of WBV
induced a decrease in absolute mean repositioning error, improving repo-
sitioning accuracy by 39% or 0.78°. Moreover, this was not dependent on
the anterior or posterior repositioning of the pelvis. The net proportional
benefit of the experimental group over the control group after the test was
53%. It was therefore concluded that WBVT has an effect on lumbosacral
proprioception which had not been assessed in previous studies. Further-
more, this effect occurred with such a small amount of WBVT. These
authors also stated that these results could provide a possible explanation
for the beneficial findings by Rittweger et al (2002a) in their 12-week treat-
ment programme in which they found an improvement in function and a
relief in pain in patients with LBP. Further explanations for improved
proprioception were also provided by Belavy et al (2008), who found that
8 weeks of WBV stimulated lumbar multifidus function. Atrophy of the
multifidus muscle and loss of its proprioceptive function has been shown
to be a significant contributor to chronic LBP (Hides 1996, Hodges 2004).
Finally, Di Loreto et al (2004) found that WBV increased plasma norepi-
nephrine concentrations (60 min: vibration 1.29 + 0.18, control 1.01 +
0.07 nM, p = 0.038). Direct descending noradrenergic pathways in the
spinal cord have profound forward modulating effects on pain; however,
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the blood-brain barrier precludes plasma norepinephrine passing into the
spinal cord. An indirect pathway for the resolution of pain may occur
through the immune-inflammatory response as peripheral noradrenergic
receptors innervate the blood vessels of the spleen, bones, nerves and
lymphatic system.

Parkinson’s disease

Vibration training has also been used to improve the symptoms of
Parkinson’s disease. Haas and colleagues (2006) have shown that 68
patients (15 women and 53 men) using WBVT have experienced improve-
ments in one or more symptoms. A crossover design was used to control
treatment effects on motor symptoms, which were assessed by the Unified
Parkinson’s Disease Rating Scale (UPDRS) motor score (Fig. 4.1). The
treatment consisted of five sets of WBV lasting 60 s each with a 1-min
pause between each series. The mean frequency of the vibration adopted
was 6 Hz and the amplitude was 3 mm. In the treatment group, an
improvement of 16.8% in the UPDRS motor score was found. The highest
improvements were found in tremor and rigidity, 25 and 24%, respec-
tively. Gait and posture showed an improvement of 15%, and bradykine-
sia scores were reduced by 12 on average, but no changes were found in
cranial symptoms. It is worth emphasizing that these improvements were
seen immediately after the intervention and lasted for 120 min, when the
UPDRS score still had not returned to baseline. Moreover, correlation of
the UPDRS with other functional psychometric questionaires and func-
tional tests suggest that this is the strongest evidence yet for a (CNS) role
in low-frequency WBV (Table 4.1).
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Figure 4.1 UPDRS motor scores before and after treatment in a five-symptom cluster.

Reprinted from Haas CT, Turbanski S, Kessler K et al (2006) The effects of random whole-body-vibration on motor
symptoms in Parkinson's disease. Neurological Rehabilitation 21:29-36, with permission
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Stroke

van Nes et al (2004) indicated that WBV may have a positive impact on
postural proprioception in people suffering from stroke. Balance was
assessed in 23 patients with unilateral chronic stroke over four trials. The
participants in this study were asked to stand quietly on a dual plate force
platform (this unit has two vibrating plates, allowing the user to place one
foot on each plate), with open and closed eyes while performing a volun-
tary weight-shifting task. The four trials were carried out at 45-min inter-
vals, and between the second and the third assessment, four repetitions
of 45 s of vibration with a frequency of 30 Hz and an amplitude of 3 mm
were given. The results demonstrated an improvement in weight-shifting
speed while maintaining the precision of movement.

Multiple sclerosis

WBV was used in 12 people with moderate disability as a result of
multiple sclerosis (MS). A frequency of 2—4.4 Hz, with an amplitude of
3 mm, in five series of 1-min stimulation with a 1-min break was used in
a randomized control study. In comparison with the placebo group the
treatment group demonstrated improvements in sensory organization
tests and the timed get up and go (GUG) test with a pre-application score
of 9.2 s, whereas the post-application score was 8.2 s up to 1 week after
the application of WBV. The mean values of the posturographic scores
were 70.5 before application and 77.5 1 week after the WBV. No differ-
ences were found in the functional reach test.

Conclusions of acute effects

The acute effects described above are an indication as to the initial fre-
quency of WBV required for sporting endeavours and various therapeutic
interventions. More importantly, these results allow the possibility of
immediately measuring the response to WBV. Furthermore, by measuring
responses to WBV it gives the clinician a valid reason for continuing,
discontinuing, changing or progressing treatment. Changing or progress-
ing treatment would be based on the predictive reasoning of expected
outcomes. As expectations of the predictive reasoning are met, the clinical
validity of this approach can be justified to the client, insurers and health
organizations. In turn it can provide researchers with a stimulus for future
investigations in which the clinical parameters become more tightly
defined for various populations.

A barrage of outcome measures for impairment and disability or for
sporting achievement have been described. Importantly by using impair-
ment and functional scales the minimum criteria for validity is being met.
The few centimetre improvements in jump height or the minimum
improvement in CM] should reflect changes in dynamic quadriceps and
calf power, as well as improvements in athletic achievements for concur-
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rent validity to be established. Naturally, other variables outside of the
clinician’s practice may also be involved; yet minimal detectable improve-
ments may result in the ultimate outcome of highest sporting achieve-
ment. Similarly, at the other end of the spectrum, the elderly institutionalized
clients who may even be bed-ridden and require a tilt table for the appli-
cation of WBV also have outcomes to be measured which reflect the
ultimate goal of re-ambulation. These may commence with their physio-
logical response to standing, their ability to stand (GUG test) balance
[activities-specific balance confidence (ABC), Falls Efficacy Scale (FES),
Tinnetti balance tool, Berg Balance Scale] and finally walking (six minute
Walk Test or derivations thereof). Hopefully, the clinician then finds that
these functional improvements are reflected on the SF-36, where WBV has
been shown to improve the items in physical function, pain, vitality and
general health (Bruyere et al 2005). In this manner incremental & concur-
rent validity is achieved, since these tests have been demonstrated to be
valid and reliable. Although WBV has had only limited RCTs to justify its
use, the clinician’s outcomes should be rigorous enough to justify further
treatment funding. In this way the cart isn’t placed before the horse and
the general public does not have to wait for the research to justify the
means.

To summarize, the frequency for muscle relaxation should be <20 Hz.
To improve parameters regarding muscle strength, frequencies between
26 and 44 Hz are used in the lower limbs, and up to 50 Hz when using
dumbbells. Frequencies above 50 Hz will probably cause muscle damage
and therefore should be avoided. The parameter of amplitude remains
largely undefined; however, the range is 1-10 mm and it would appear
that the greater the amplitude, the greater the fatigue of the calf muscles.
The duration of WBV ranges from 1 to 10 min. With longer durations and
high intensity, at least one 6-min rest period should be instigated for ath-
letes. With the frail and deconditioned, the 3 x 1-min protocol of small
amplitude with 60 s rest between each repetition appears to be a prudent
starting point. Variation from static to dynamic posture with various
levels of squatting as well as one-legged balance and movement have been
proposed for progression.

Long-term effects of WBV using the variables of duration,
frequency, body positioning and amplitude

Fortunately, investigations into the long-term effects of WBV seem to
provide more supportive evidence in a wide range of subjects including
athletes, active people, sedentary people and older populations. Using
WBVT over a period of time appears to have the potential to elicit a
long-term training effect on muscle strength and functional performance,
power, motor control, balance, chronic pain and bone density (Bosco et al
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1998, Issurin et al 1994, Judex et al 2007, Mester et al 1999, Rittweger
et al 2002a, Rubin et al 2001, 2004, 2007, Runge et al 2000, Torvinen et al
2002b, Xie et al 2006). Furthermore, investigations into the long-term effect
of WBVT can provide us with further insights into the dosage of training
in regard to duration and frequency (the number of times per week), as
well as suggesting guidelines for effective progression of training. This
latter aspect is of particular importance as it not only frames an issue of
safety but similar to progressive resistance training, as has been advocated
by the American College of Sports Medicine (ACSM), progression of exer-
cise prescription is a cornerstone for the treatment of morbidity associated
with inactivity and metabolic syndrome.

Variable methods of dosage for progression

Rittweger et al (2000, 2001, 2002a,b, 2003) demonstrated several methods
of dosage for progressive training. In Rittweger et al (2000) they used
26 Hz, feet 15 cm from rotation axis, vibration amplitude 1.05 cm, peak
acceleration 147 m/s* = 15¢ with squatting + additional load 40% body
weight, 3 s down, 3 s up to elicit a physiological fatiguing response. In
2001 they used 26 Hz, 6 mm, amplitude feet 24 cm apart (approx. 18¢
based on 30 Hz) with 3 min squatting in cycles of 6 s, simple standing,
squatting with an additional 35% body weight load for females and 40%
load for males to elicit increased oxygen consumption. In Rittweger et al
(2002a) they used 18 Hz, 6 mm, 4 min initially, gradually increased to
7 min in which 18 exercise units were performed within 12 weeks, with
two units in the first 6 weeks and then one unit per week thereafter, on a
Galileo 2000, in static slight knee flexion, bending in the frontal and sagit-
tal plane and rotating in the horizontal plane; 5 kg was added to the
shoulders in later sessions to treat LBP. In Rittweger et al (2000b) they
used 18-34 Hz, 5 mm, with the addition of 40% lean body mass attached
to waist and later shoulders; whereas in Rittweger et al (2003) they used
26 Hz (used because below 20 Hz induces relaxation, whereas above
50 Hz can induce severe muscle damage), 6 mm (12 mm from top to
bottom) with a Galileo 2000 prototype, 0-90° knee flexion, plus 40% lean
body mass added to the hips, 3 s down and 3 s up, exercise until exhaus-
tion to test CNS contributions to fatigue. Similarly, Bosco et al (1999b)
used heavy loading in physically active people. Their protocol included
26 Hz, amplitude 10 mm, acceleration 27 m/ s?, standing on toes, half,
squat, feet rotated externally, single right leg 90° squat, single left leg 90°
squat (with the last two positions subjects could maintain balance using
a bar) with vertical sinusoidal vibrations lasting 90 s each, with 40 s break
between sets for a total of 10 min/day; every day, 5 s was added until
2 min per position was reached. These authors calculated that this cumula-
tive load of WBV of 100 min at 2.7¢ was equivalent to the intensity of 200
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drop jumps from 60 cm twice a week for 12 months (moreover, the total
time for a drop jump is only 200 ms and the acceleration developed cannot
reach 2.7¢). Furthermore, using a Gallileo 2000, at 26 Hz, 10 mm, accelera-
tion = 54 m/s* with WBV and one leg in 100° flexion, 10 times for 60 s
each, with 60 s rest in between. Total time was 10 min WBV at 5.4¢ = 150
leg presses or half-squats with extra loads (three times body weight), twice
per week for 5 weeks. Together, these investigations demonstrate variable
parameters which can be used for adaptability of training protocols
depending upon the population in which they are being used and the
outcome which the subjects wish to achieve. This makes perfect clinical
sense. Importantly, this latter research makes direct calculable compari-
sons of WBV with other forms of plyometric exercise.

The long-term effects of progression on outcome measures

Outcome measures such as jumping and CMJ have been used extensively
to assess the effect of WBV. Investigators found that 10 days of WBV train-
ing resulted in an increase in average jumping height (+11.9%) and power
output during repeated hopping in active subjects, but no change in CM]J
performance. The parameters used during the procedure were a frequency
of 26 Hz with a 10-mm displacement for a total time of exposure of
100 min (Bosco et al 1998). In a randomized controlled study conducted
over a 4-month period, WBVT was performed with static and dynamic
squatting exercises, and was shown to induce an 8.5% net improvement
in the jumping height in 56 young healthy non-athletic volunteers. Lower
limb extension strength increased after 2 months of vibration intervention,
resulting in 3.7% enhancement. However, this improvement slowed down
by the end of the intervention and, after 4 months, the difference between
the vibration group and the control group was no longer statistically sig-
nificant. This may have been due to the learning effect, whereby the
control group increased the extension strength. Parameters utilized in the
present study were platform vibration amplitude 2 mm where the fre-
quency ranged between 25 and 40 Hz and the acceleration force ranged
between 2.5 and 6.4g. Interestingly, concepts of progression were utilized
here in which, for the first 2 weeks, 25 Hz for 1 min was used then 30 Hz
for another minute was applied. For the next 1.5 months, it was 3 min of
25 Hz/60 s + 30 Hz/60 s + 35 Hz/60 s, and then for the remaining 2
months, 4 min of 25 Hz/60 s + 30 Hz/60 s + 35 Hz/60 s + 40 Hz/60 s.
Acceleration was 2.5¢ at 25 Hz, 3.6¢ at 30 Hz, 4.9¢ at 35 Hz and 6.4g at
40 Hz. Duration, frequency and type of exercise include 4 min/day 3-5
times per week, 4 x 60 s, light squatting (0-10 s), standing in the erect
position (1020 s), standing relaxed knees slightly flexed (20-30 s), light
jumping (3040 s), alternating the body weight from one leg to the other
(40-50 s), standing on the heels (50-60 s) (Torvinen et al 2002b). It is
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interesting to note that no further improvement occurred after 2 months,
which coincides with the slowing of progression.

In a placebo-controlled study investigators reported enhancement in
isometric, dynamic and explosive strength (power) of knee extensor
muscles in 67 untrained young healthy women (21.4 1.8 years) following
12 weeks of WBV training (Delecluse et al 2003). Participants were placed
into four different groups: WBV (WBV, n = 18), a placebo group (PL, n =
19), a resistance-training group (RES, n = 18), and a control group (n = 12).
The WBV and the PL groups performed static and dynamic knee-extensor
exercises (squats, deep squats, wide-stance squats, one-legged squats and
lunges) on a vibration platform three times per week. In the WBV group
the platform had a frequency of 35-40 Hz and the amplitude was 2.5—-
5 mm. Over the 12 weeks, the WBV group went from 3-min training per
session to 20 min, increasing the number of repetitions per exercise, short-
ening the rest periods or increasing the frequency and/or the amplitude
of the vibration. The PL group performed the same exercise standing on
the platform, could hear the noise (motor) and felt tingles in their feet, but
the acceleration of the platform was only 0.4¢ with negligible amplitude.
The RES group performed a moderate resistance training programme for
knee extensor on a leg press and leg extension machine. The resistance
training programme was slowly progressive, similar to the WBV pro-
gramme. The results showed that isometric and dynamic knee extensor
strength increased significantly in both the WBV group (16.6 and 9%
respectively) and the RES group (14.4 and 7% respectively), whereas the
PL and control group did not show any significant increase. Additionally,
the CM] height enhanced significantly (7.6%) only in the WBV group.
Clearly, the findings suggest that WBV, and the reflexive muscle contrac-
tion it provokes, has the potential to induce strength gain in knee extensor
in a group of untrained women and may be just as effective as resistance
training at moderate intensity (Vella 2005). These authors concluded that
the strength enhancement that resulting from WBVT were not attributable
to a placebo effect (Delecluse et al 2003). However, it should be noted that
in the present study the resistance exercise programme (leg press and leg
extension) was performed to failure without explosive movements,
thereby reducing the possibility of producing significant changes in explo-
sive measures.

In a similar study, the same researchers reported a significant increase
in fat-free mass and in the force-velocity relation of knee extensor muscles
in untrained female subjects. This study compared the effects of WBYV,
using a frequency of 35-40 Hz and an amplitude of 2.5-5 mm, with resis-
tance training over a period of 24 weeks on body composition and knee
extensor strength. No significant changes were seen in body weight or
percentage of body fat in either group. However, the WBV group demon-
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strated a significant increase in fat-free mass (2.2%), whereas increases in
knee extensor strength were reported in both groups (Roelants et al 2004b).
In another study conducted by Roelants et al (2004a) a 24-week pro-
gramme of WBV training performed three times per week increased
dynamic knee extensor strength in postmenopausal women by 15%. This
result was similar to the result reported in the resistance trained group.
The WBV group demonstrated, in contrast to the resistance trained group,
an enhancement in the speed of movement of the knee extensors, support-
ing the concept that WBV may be superior to resistance training for
increasing power as a large determinant of muscular power is speed of
movement. Progression was achieved through the use of 35-40 Hz, 2.5
5.0 mm using a Power Plate with a total duration of 5 to 30 min by the
end of training.

Bone mineral density (BMD) and muscle strength

Common to all these studies was that the standard training groups were
not significantly different from each other and therefore one can observe
that the results demonstrate that long-term programmes of WBV training
can produce significant improvements in leg extensor muscle strength in
an untrained female population. Another supporting study was published
by the same group of people (Verschueren et al 2004). Seventy volunteers
(age, 58-74 years) were randomly assigned to a WBV group, a resistance
training group (RES) or a control group (CON). The WBV and the RES
groups trained three times per week for a period of 6 months. The WBV
group performed static and dynamic knee extensor exercises on a vibra-
tion platform (3540 Hz, 2.28-5.09¢). The RES group trained knee exten-
sors by dynamic leg press and leg extension exercises, increasing from
low to high resistance. The CON group did not participate in any training.
No vibration-related side-effects were observed in these participants. The
results demonstrated that the WBV group improved isometric and
dynamic muscle strength (+15 and +16%, respectively) and was also deter-
mined to be effective for increasing BMD of the hip even though the
improvement was very small (+0.93%) but within the error of measure-
ment used for establishing BMD. No changes in hip BMD were observed
in women participating in the RES group.

Similar results were found by Gusi et al (2006) whereby BMD of the
femoral neck increased by 4.3% more in the WBV-trained people than in
their control walking group. BMD of the lumbar spine was unaltered in
both groups. Balance improved in the WBV group by 29%. Their pro-
gramme consisted of three sessions per week for 8 months, for six bouts
of 1 min (12.6 Hz, 3-cm amplitude, 60° knee flexion). Prevention of post-
menopausal bone loss using WBV was demonstrated by Rubin et al (2004).
They used two 10-min treatments per day of 30 Hz vertical acceleration
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at 2 m/s” peak-to-peak acceleration for 12 months. The placebo subjects
lost 2.13% in the femoral neck over 1 year, whereas the WBV group gained
0.04% (net benefit of 2.17%). In the spine, the placebo group lost 1.6%
over the year, where as the WBV group only lost 0.10%. Taken together,
this is very encouraging evidence for the use of WBV in postmenopausal
women.

De Ruiter et al (2003b) analysed the effects of 11 weeks of WBV at 30 Hz
and 8-mm amplitude training on maximal voluntary contraction, maximal
force-generating capacity and electrically stimulated maximal rate of force
rise. The subjects had WBVT three times per week starting with five sets
of 1 min, increasing up to eight sets of 1 min each. After every set there
was a 1-min rest and between week 5 and week 7 there was a cessation
of training for 2 weeks. Although the total exposure time on WBVT was
169 min, the results showed no change in all parameters tested except for
an increase in electrically stimulated maximal rate of force rise. However,
their training protocols were not progressive and therefore violate the
essence of training principles. Nevertheless, these investigations clearly
demonstrate that, if WBVT is performed with physically active people for
a short period of time and with small amplitude, there will not be a big
change or improvement in power-generating capacity of the lower limb.
Again the overloading principle of training regimen has been ignored.
Therefore, if the aim of vibration exercise is to enhance neuromuscular
performance, one must be aware that, in well-trained people, an optimal
amplitude and frequency should be coupled with an optimal level of
muscle activity on which the vibration stimulation can be superimposed
(Cardinale & Wakeling 2005). Since good results were achieved when
progressive loading was used in sedentary individuals (Delecluse et al
2003, Torvinen et al 2002b), the rule of progressive overloading must be
applied at the appropriate level in the population being investigated.
Clinically this is intuitive practice based on observable outcome measures.
Future investigation should address progressive loading and normative
starting points in various populations.

Improvements in proprioception, muscle hypertrophy, motor control and
bone density for the treatment of low back pain

A series of studies by Lundeberg et al (1984) demonstrated that relatively
low-frequency vibration also reduced pain. In contrast, occupational WBV
produced by heavy machinery and pneumatic hammers has been viewed
as a risk factor for chronic LBP (Skovron 1992). In these instances, workers
have been exposed to vibration for long durations or to large magnitudes
of vibration for a short period of time. Examples include jack-leg-type
drills in miners in whom the total exposure to vibration is up to 3 hours
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per day. Clearly, in these cases, the body passively absorbed vibration,
over a long period of time, with the potential for damaging musculoskel-
etal and neural structures. The low-frequency, short duration, focused
exercise programmes of WBV differ markedly from those of occupational
hazards. In fact, therapeutic WBV may be part of the cure rather than the
cause of LBP (Rittweger et al 2002a).

Rittweger et al (2002a) compared the effects of WBV and isometric
exercises on lumbar strength, pain and disability rating in 60 female and
male patients (mean age of 51.7 years) with chronic LBP (mean history of
13.1 years). In this RCT, subjects performed either isodynamic lumbar
extension exercise (LEX) or vibration exercise for 3 months. In both groups,
two exercise units per week were performed for the first 6 weeks and then
only one unit per week thereafter. The people using WBV exercised on a
Galileo platform with an amplitude of 6 mm and a vibration frequency of
18 Hz for a period of 4-7 min. During the exercise units, the participant
was asked to perform slow movements of the hips and waist, with bending
in different planes and rotation in the transverse plane. Outcome mea-
sures of this study were lumbar extension torque, pain sensation (visual
analogue scale) and pain-related disability (pain disability index). Results
demonstrated significant and comparable reductions in pain sensation
(p < 0.001) and pain-related disability (p < 0.01) in both groups. Lumbar
extension torque increased significantly more in the lumbar extension
group (p < 0.05) than in the vibration exercise group. Interestingly, no
correlation was found between gain in lumbar torque and pain relief or
pain-related disability (p < 0.2). Therefore, WBVT exercise seems to be a
valid form of treatment for people with chronic LBP.

In a 12-month trial, 48 young women with a history of at least one
skeletal fracture and low BMD underwent 10 min of WBV at 30 Hz and
0.3g. The results demonstrated marked improvements in BMD of the
femoral mid-shaft cortical bone by 2.1% and lumbar vertebrae cancellous
bone by 3.4%. Generally greater improvements by 2.0 and 2.3% in the
cancellous and trabecular bones were seen in the WBV group (Table 4.2).
Moreover, muscle hypertrophy was demonstrated.

The effects of vibration on pain relief may be mediated through its
effects on motor control, especially on the function of the antigravity
muscle system. Issurin and Tenenbaum (1999) stated that, when vibration
is applied from distal to proximal, an optimal effect occurs on muscle
activation and recruitment patterns of the antigravity, weight-bearing
muscles. This means that a specific WBV training would have a positive
effect on patients with LBP, based on the direct effect on increasing sensory
input (proprioceptive) to the local and weight-bearing muscles. People
with LBP often present with impaired proprioception at the lumbopelvic
region. Therefore, in order to treat them effectively, proprioceptive train-
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ing becomes an important part of the rehabilitation programme. In cases
with unilateral loss of muscle function it may be possible that the alternat-
ing oscillatory movement provides a comparative input to the CNS which
then can adjust its muscle tone and hence afferent firing appropriate for
balance between the two sides of the body. Evidence for such a hypothesis
comes from researchers who found that 5 min of 18-Hz WBV induced a
decrease in absolute mean repositioning error, in healthy subjects (Fontana
et al 2005). Since proprioception improved, one can hypothesize that
people with LBP should profit from this result. This finding provides a
possible explanation as to why other investigators found an improvement
in function and a relief in LBP after a 12-week programme of WBV (Rittwe-
ger et al 2002a). The multifidus muscle has been shown to be frequently
atrophied in people with LBP and this was considered to reduce the pro-
prioceptive capacity in the spine (Hides et al 1996). WBV has been shown
to prevent the atrophying effects of bed rest on the multifidus muscle as
well as prevent morphological compensatory changes in the erector spinae
muscles (Belavy et al 2008). Additionally, weakness of the pelvic floor has
been implicated in altered activation of the deep abdominal muscles and
LBP (Sapsford et al 2005). Von der Heide et al (2004) found that WBV in
combination with physiotherapy improved the subjective and objective
parameters of stress urinary incontinence. This thereby provides further
indirect evidence for the potential pain-relieving effect of WBV.

Pantaleo et al (1986) showed that vibration at 110 Hz resulted in a
reduction in pain sensation, whereas vibration at 30 Hz failed to reduce
pain sensations. They investigated the effects of vibratory stimulation on
muscular pain threshold of the vastus medialis muscle in 28 healthy sub-
jects. In all the subjects tested, high-frequency vibration (110 Hz) induced
a marked and long-lasting elevation of the muscular pain threshold but
only when vibration was applied to the skin overlying the ipsilateral
quadriceps tendon or neighbouring areas and not when applied to remote
ipsi- or contralateral regions. Stimulation of vibration at 30 Hz failed to
produce any effect on muscular pain threshold. However, a facilitation of
the blink response, not accompanied by changes in pain sensation, was
observed during the first period of both high- and low-frequency vibra-
tory stimulation. The authors concluded the study explains how vibration
would be able to affect pain sensation. They suggested a role for rapidly
adapting receptors and/or pacinian corpuscles in this effect and support
the hypothesis of an inhibition of nociceptive messages, possibly at spinal
segmental levels, by volleys in large myelinated afferent fibres.

Inability to make minor muscular adjustments to posture, in people
with LBP has been thought to be symptomatic of excessive muscular
splinting around the spine (Hodges 2004). Such motor control issues could
be driven from higher centres of the central nervous system. Evidence for
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improved CNS motor control after WBV comes from investigations into
neurological conditions. Improvements in balance were found when four
trials of WBV were applied to 23 patients suffering from the effects of
unilateral chronic stroke (van Nes et al 2004). One can hypothesize that
improvements in motor control were partially responsible for this effect.
Indeed, evidence from investigations into Parkinson’s disease has shown
that WBVT can improve symptoms such as tremor, rigidity, balance and
postural stability. In their research, Haas et al (2006) could demonstrate
that 3-5 sets of 45-60 s (with 30-60 s recovery) vibration at a frequency of
4-7 Hz would improve Parkinson’s symptoms, which was seen as quickly
as 10-60 min after the intervention and lasted for 2—48 hours. This appears
to have been from a CNS effect on muscle relaxation. When one considers
that many painful conditions are associated with reflexogenic muscle
spasms and excessive ‘force closure” around joints (O’Sullivan et al 2003)
then WBV may be postulated to relieve some of these compressive forces
through muscle relaxation.

A form of WBV has been used to enhance the effects of end of range
stretching in gymnastics. It was postulated that a phenomenon of pain
alleviation or a shift in pain threshold contributed to the positive effect of
WBVT through a reduction in pain and therefore greater temptation to
stretch further (Issurin & Tenenbaum 1999, Sands et al 2006). Since painful
stimuli from stretching are common in those sports that involve serious
stretching and extreme ranges of motion, a reduction in pain might allow
the subject to proceed to greater ranges of motion before pain inhibits
progress. Generally speaking the aim of many training regimen is to opti-
mize biomechanical parameters and thereby maximize performance and
minimize the risk of injury. Therefore, the enhanced ranges of motion
(Kinser et al 2008, Sands et al 2006, Van den Tillaar 2006) and improve-
ments in strength (Bosco et al 1999a) described in the literature suggest
that WBV could also be seen as pain preventive.

Vibration training exercise appears to improve functional capacity and
vitality in the elderly. Improvements in physical function and psycho-
cognitive domain items in the SF-36 scale have been demonstrated after 6
weeks of WBV (Bruyere et al 2005) (Fig. 4.2). Therefore, indirect effects on
pain through enhanced independence in nursing home clients can be
considered a consequence of WBV.

Currently, WBV can be seen as a tool in the multidimensional and
hence multimodal approach to treating pain. At present, the direct role of
WBV on pain receptors in joints and muscles is unknown. Furthermore,
the effect on the sympathetic and immune systems still needs to be ascer-
tained. Nevertheless, in the absence of contraindications, WBV is likely to
be found to be beneficial if applied in a dose-specific manner.
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Summary Scales: A User Manual. Boston, MA: Health Assessment Lab, 1994, with permission.

Elderly and function

Bogaerts and collegues (2006) conducted a randomized controlled study
investigating the effects of 1-year WBVT on isometric and explosive
muscle strength and muscle mass in community-dwelling men older than
60 years. Kawanabe et al (2007) used 12-20 Hz WBV for 4 min, once per
week for 2 months. They found walking speed (-14.9%), step length
(+6.5%), and maximum standing time on one leg (right +65%, left +88.4%)
improved significantly in the WBV plus exercise group. Moreover, no
serious adverse events occurred during the study period.

These investigations demonstrate varying results. All of these investiga-
tions are applicable clinically for determining appropriate outcome mea-
sures. Some of the investigations demonstrate the need for progressive
training due to their poor results while others highlight how progressive
loading can be attained. Although various populations which may benefit
from WBYV have been defined, there appear to be subpopulations which
appear to benefit more from WBYV than others. Moreover, these investiga-
tions have identified parameters and variables of safety as well as logical
progression. Importantly, the clinician has been presented with a barrage
of evaluation techniques which can be used not only to establish efficacy
of treatment but also to determine the stage at which progression is appro-
priate and/or when treatment should cease. It would appear that WBV
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may integrate well with other functional forms of exercise. Interested
readers should refer to the Appendix for summaries of these investiga-
tions as well as information on evaluation.
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Whole body vibration

Treatment with patients or athletes

Ingo Rembitzki

Preparation for therapy

The aim of this chapter is to offer a clinical approach to whole body vibra-
tion (WBV) and its related treatment and training possibilities in athletes
as well as in patients with different diagnostic and age categories.

The proposed exercises are based on theoretical evidence from Chap-
ters 2 and 3, as well as the clinical evidence documented in Chapter 4. In
fact, one of the most important aspects of WBV is the variability in the
prescription of dosage as well as the variability in the protocol used
during WBV training. Moreover, this variability gives clinicians the pos-
sibility of modifying their procedure according to the type of population
and the clinical outcomes attained. Most significantly, the initial assess-
ment and subsequent reassessment define the clinical reasoning process.
It appears that some groups of people and even certain subpopulations
of the same condition receive more benefit from WBV than others. There-
fore, it is important to match the correct dosage and protocol for each
individual case based on its own clinical history.

In Chapter 4 different investigators identified parameters, variables of
safety, progression and evaluation techniques which can be used not only
to determine the efficacy of the treatment and training but also to highlight
the clinical assessment tools which can be used to determine the selection
of dosage depending upon the stage at which the patient or the athlete
finds themselves. In this manner, clinical outcome not only defines a suit-
able population but also determines the progression of treatment or train-
ing. The spectrum of dosage will be illustrated here.
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This chapter is an example of practice-based evidence derived from
several years of unpublished experience. Although the following devices
show a rotational device, the application of dosage applies to other types
of devices as well. Importantly, evidence-based medicine has been
employed by using similar exercises, protocols and guidelines to those
that were discussed in Chapter 4. Since the acute and long-term effects of
WBYV have been extensively illustrated in Chapter 4, we will not mention
them again. Interested readers should view this chapter’s Appendix for a
table highlighting the protocols used, outcomes attained and populations
investigated in published research. Additionally, examples of assessment
and reassessment tools can also be found in the Appendix. Clinical reason-
ing and clinical trials are a two-way street whereby each has an influence
on the other, thereby defining directions for future clinical research.

Fundamental principles

The commencement of therapy takes place in the fundamental starting
position. In this position the client learns to experience the feel of vibration
as well as understand how to focus its effect.

Fundamental starting position (FSP)

o Feet parallel on the exercise platform.

e Bilaterally symmetrical.

*  One foot-width apart with even sole contact.

e Tips of feet are rotated slightly outwards (approx 7°) similar to
walking.

* Knees and hips are bent lightly.

Guidelines

*  Non-slip socks or shoes;

¢ Use shoes with thin hard soles, which should be evaluated by
the client and therapist.

* No sports shoes with cushioned or soft soles, as these absorb
the vibration.

e It is especially important to watch out for blisters in people
with diabetes and/or sensory disturbances.

Choice of frequency

e Always commence with low frequencies (5-12 Hz) and a small
base of support = commence with small force.

e When familiarized and accustomed to lower frequencies
continue higher frequencies (18-40 Hz) and subsequently
gradually increase the amplitude.



Preparation for therapy

Patient guidance

¢ Give hand support only when necessary.

* Observe and give verbal instructions as well as use slight
contact with the client.

¢ Have breaks depending upon individual reactions.

* Progress training over days and weeks with gradual increases
in duration and force.

Observe the reaction of the patient

e Skin colour.

e Pulse.

* Possibly blood pressure.

* Sudden movements and postural changes.

Client report/feedback

* Register verbal and spontaneous reactions.

¢ Do not use leading questions.

¢ Only after generalized questioning ("How was it?’) should you
ask more specific questions (e.g. pain).

e Dizziness, visual disturbances.

Guiding the patient through WBV therapy

The clients are slowly guided through the vibration treatment. Commence
the initial treatment with small amplitude, lightly bent knees, slightly
bending the torso and using low frequencies, e.g. 5-12 Hz. Frequency,
amplitude and difficulty grading should be progressed slowly over several
therapy training sessions, i.e. several exercise days and weeks.

Warm-up exercises are recommended at the start of every training
therapy session

e Stimulation frequency: initially 5-12 Hz, later increased to
18-40 Hz.

e Feet positioning: parallel, e.g. at low amplitude.

* Body positioning: the knees and hips are bent gently in relaxed
standing.

e Training duration: e.g. 1 min low frequency, then 1 min high
frequency, 3 min back to low frequency.

* Adaptation to the vibration treatment.
* Remove any initial doubts and fears:
o determine individual reactions, i.e. side-effects;
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o learn how the vibration can be guided into various body
parts.

o learn to control balance on the apparatus and gain confidence.

©  improve body proprioception.

© increase circulation.

Aims for the client

* Recognize own reactions.

* Practice control over body posture.

* Feel how the trunk and joint positioning determines the spread
of vibrations into different parts of the body.

* Learn how to guide the vibrations into the desired body part.

Observational objectives for the therapist

e How does the client react to manual and verbal feedback?

e Can the client steer the vibration into the different body parts?

e Are the vibrations almost symmetrical?

e s the client able to maintain the head in a relative vibration-free
state?

e (Can the client maintain balance?

Safety check during treatment

* Any unusual changes in skin colour, pulse, breathing or
posture?

e If necessary, measure the pulse and blood pressure.

e Does the client mention pain, dizziness, blurred vision or any
other ill effects?

e Does the client react with sudden uncontrollable movements?

Preparation before the commencement of exercise

e Short explanation of the three-main variables to the client.
e Foot placement.

* Body posture (ankle, knee, hip and trunk).

* Apparatus frequency.

Instructions to the client

* Ask the client to report any unusual events.

* Inform the client that WBV can stimulate the bladder and that
they should empty the bladder prior to training.

* Mention that with prolonged exercise itching can occur. This is
a desirable and expected sign of increased circulation and an
effect on soft tissue hormones.
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e Specifically question the list of contraindications and document
the checklist of clarifications.

Example of an assessment form used in the preparation for
training/therapy

e Assessment form

Table 5.1 Assessment form

Surname, first name Street name, number
Post code Town

Telephone

Sex Date of birth

Age Height

e Information on general health

Table 5.2a Information on general health

Yes Yes
Pacemaker O Prosthesis (I
Osteoporosis O Migraine, headaches ]
Dizziness ] Joint disease d
Muscle dysfunction O Blood vessel disease, |
artherosclerosis
Heart: cardiovascular disease O Injuries or operations |
Neurological disturbances Ol Pregnancy ]

Table 5.2b

Are there any other general health issues?

* General questions

Table 5.3 General questions

What are your reasons for carrying out the training system?
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*  What physical activities do you undertake?

Table 5.4 What physical activities do you undertake?

Occupation

Leisure time

Sport (x per week)

Are there any other things which we should note?

Contraindications Yes [] No []
Candidate for training? Yes (1 No [

Place, Date, Signature

Possible side-effects

e Blisters in the soles of the feet or on the hands, in the case of the
four-point kneeling position.

e Headache.

e Itchiness in the area of stimulation.

e Nausea and dizziness.

* Short-term drop in blood pressure.

* Hypoglycaemia in people with diabetes.

The side-effects of nausea, dizziness, dropping blood pressure and exces-
sive itchiness should not normally occur and are a sign that the training
intensity is too high. Therefore, the training duration, frequency and force
should be increased progressively.

Vibration training/therapy can reduce blood glucose levels and hence
the training regimen should be adjusted appropriately.

Conclusion

The suggested exercises adhere to a rigid plan with specific therapeutic
aims. These specifications are not intended to be too rigid but are merely
suggestions which must be adapted to the individual client and to the
desired therapy outcome. Here, the actual status, the individual pathol-
ogy, the ability to learn and the previous experience of the client play a
part. Even in patients with previous WBV experience the current status
needs to be considered daily.

The posture is often described in the literature where only the knee
joints are mentioned. Obviously, their position cannot be changed in isola-
tion as the relevant positions of the hip and ankle joint determine the body
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posture. The upright positioning of the torso can be measured from the
distance between the sternum and the pelvis. Even here, the values given
are desirable aims which can be achieved over the duration of treatment.
In the relaxed state, the tips of the feet are similar to during walking, i.e.
turned outwards at approximately 7°. Variation in the position of the feet
changes the client’s distribution of the vibrations in their body and thereby
affects their different muscle groups.

Vibration therapy machines are also a diagnostic aid. The stimulation
of the movement platform is detected by the distribution of the vibrations.
Initially, only the localized areas of the body should be activated. In
order to see and feel the distribution of the vibrations on different
parts of the body. The client must be touched during the treatment. Vibra-
tions must be felt. In particular, site-specific variations should be easily
detected.

The effects of muscle strength and muscle power as well as stretching
and movement are located in different areas, depending on the stimulated
muscle groups. Generally, circulation and body awareness will be
improved by vibrations.

Guidelines and indications using examples of
exercises for specific clinical conditions

The following guidelines were accumulated over several years of
clinical experience.

Standard guidelines

What follows is a description of the therapeutic basis for the application
of WBV for

* new therapists;

* new patients;

¢ the maintenance of the therapeutic treatment management plan
even with a change in therapist;

¢ the most frequent therapeutic goals; and

¢ the goal-specific variation of the starting position.

The vibration therapy is suitable for:
* increasing muscle power;

* increasing muscle strength;
¢ improving balance and stability;
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improving movement and flexibility;

treating osteoporosis;

treating sarcopenia

reducing muscle spasms and influencing muscle tone;
treating incontinence; and

improving blood flow.

Explanation and introduction of WBV training and WBV
therapy sessions

Familiarization with the training device can be achieved in approximately
1 min with slow (5-12 Hz), subjectively comfortable frequency and middle
amplitude of ‘swing’ (where the subjective feeling of comfort is individual
and varies significantly).

S-series (S = stretching)

Aim: Stretching to improve elasticity and joint range of motion.
Stretching should be incorporated into the commencement of
each training session so as to optimize the muscle elasticity.
Vary the knee position between extended and slightly bent
positions. Vibration should be felt in the body part where it is
needed.

Frequency: 10-18 Hz, subjectively comfortable ‘swing
frequency’ (varies with the individual’s posture and hence
resonance frequency).

Time/duration: Slowly attain the end position until a significant
stretching can be felt; maintain this position for 10-30 s and
then return to the starting position. Two or three repetitions.
Repeat each exercise for 1-2 min.

B-series (B = balance)

Aim: Improved stability, in particular for lateral balance in the
ankles.

Frequency: 5-12 Hz-the lower the frequency, the harder the
exercise (varies with the individual client and posture).

Time: Every exercise should be undertaken for 1-2 min, several
repetitions of each exercise are possible, several times per day.

F-series (F = force)

Aim: Improved muscle strength and muscle mass.

Training progression involves increased strength and muscle
mass through the addition of weights of up to 50% of body
weight.
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Increase weights when more than 12 repetitions can be reached
in a given time or else vary the base of support (fatigue of
muscles must be reached).

Frequency: from 25 to 40 Hz (varies with the training device).
Time/duration: To the point of fatigue of the musculature.

The number of sets and repetitions of these exercises should be
based on what is standard practice in weight training. A 48
hour rest between training sessions is recommended.

P-series (P = power (watt) = force x velocity)

Aim: Increase muscle power of the proximal musculature and
spinal musculature.

High frequency: 18-27 Hz.

Duration: two or three times for 2 min, with 1-min break using
walking.

Large amplitude.

Deep squats to 90°. The heels should remain on the vibration
platform:

©  wide stance with large amplitude;

o small up and down movement as deep as possible.
Where insecurity exists the client can hold on; otherwise, the
aim is not to hang on.

Guidelines for vibration therapy in low back pain

Therapy aims/objectives/goals

Improved paravertebral muscle elasticity, and hence improved
range of motion of the trunk.

Synchronization of muscle function, reduction of muscle
spasms, unloading of the injured structures through increased
muscle strength and muscle power.

Treatment sequence

Through the examination by the doctor and/or therapist, the
aims and objectives of therapy are determined based on the
deficits which need to be rectified.

If deficits are found in strength and/or power then treatment
will be directed at the P- and F-series.

If the deficits are more to do with stability then exercises from
the B-series are selected.

Where the deficit is in the range of movement then exercises
from the S-series are selected.
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Examples of exercises

The exercises should be carried out over a period of time and in
all circumstances should be pain-free!

Strength training should be adapted to the increasing strength
of the client.

The exercises should always be executed in a manner which
protects the back.

Duration of training should be of the order of 10 min.

Two or three training sessions per week are recommended.

Table 5.5 Example of a stretching exercise

Duration of exercise 3-10 min

Frequency 5-12 Hz

Amplitude/foot placement Low to high

Starting position Standing, ideally not holding on. Bend the knees

slightly. Direct vibration into the various body parts.
Then bend the torso forwards, backwards,
sideways and into rotation. Ideally, maintain the
position at the end of range for 3-5 s

Table 5.6 Force and power training

Duration of each application of exercise 3-5 min

Frequency 15-30 Hz

Amplitude/foot placement Low to middle depending upon comfort
Starting position Exercises out of F- and P-series

alternately. In principle exercise
examples from B-series could also be
incorporated here

Number of repetitions per series without 1
a break

Break between applications 1-2 min

Additional weights can be applied through pulley apparatus or a
weighted vest. This increases the muscle pre-tension and hence attains a
greater training effect.



Guidelines and indications using examples of exercises

103
Table 5.7 Post-training relaxation
Duration of exercise 1-2 min
Frequency 5-10 Hz
Amplitude/foot placement Low
Starting position Loose, with slightly bent knees and without holding

on, move the whole body slightly. Importantly, the
soles of the feet must remain completely on the
vibration platform

Guidelines for the treatment of osteoporosis/osteopenia

Treatment aims

* The aim of treatment is the improvement of muscle strength
and power. Through the application of maximal muscle
strength, the bones react through Wolff’s law by building more
bone.

e Additionally, the balance training can reduce the risk of falling,
which thus decreases the likelihood of fractures.

Treatment guidelines

e Aim: The treatment of osteoporosis with WBV is a combination
of the previously described S-, B-, F- and P-series.

¢ The treatment objectives are established from the examination
by the therapist or doctor.

e If deficits in power or strength are found then exercises
predominantly in the P- and F-series are selected.

¢ If the impairment is more in the area of coordination, then
exercises are prescribed from the B-series.

¢ Where muscle stiffness and lack of elasticity are present, then
exercises in the S-series are selected.

Exercise examples

® The exercises should be conducted over a longer period (at least
6 months) and should not in any circumstances be conducted if
the person is experiencing pain.

¢ Strength training should be individually selected based on the
concepts of progressive training.

® The exercises can be undertaken by older clients.

¢ Duration of a training session should be 15-20 min.

¢ Within 6 months, two or three training sessions per week
should be undertaken, with at least 1 rest day for recovery
between training sessions.
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Table 5.8 Therapeutic familiarization with WBV

Duration of exercise 1-3 min
Frequency 5-12 Hz
Amplitude/foot placement Low

Starting position

Standing with slightly bent knees. If possible without
holding on. The vibration can be directed to various
body parts through changes in the centre of gravity
and slowly straightening the knees. Stretching
exercises out of the S- and B-series

Table 5.9 Therapeutic application of WBV

Duration per application

3-5 min

Frequency

15-30 Hz

Amplitude/foot placement

Middle to high depending upon
comfort

Starting position

Exercises varying between the F- and
P-series. Also some of the exercises
from the B-series may be appropriate

Number of applications per series without 1or2

a break

Breaks between the applications 1-2 min

Additionally, weights on a pulley system or a weighted vest can be used.
This increases the muscle pre-tension and thereby achieves a higher train-

ing effect/load.

Table 5.10 Cool down

Duration 1-2 mins
Frequency 5-10 Hz
Amplitude/foot placement Low

Starting position

Relaxed, moving the body gently forwards and
backwards with slightly bent knees while not
holding on. The soles of the feet must stay
fully on the vibration plate
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Training with vibration for osteoporosis and osteopenia is safe. The
training duration is short without any major loading of the cardiovascular
system. Muscle strength and power can be built up progressively, thereby
stimulating bone growth through improved muscle strength.

Guidelines for reducing the likelihood of falling

Aims of therapy

Improve the elasticity of muscles, ligaments and tendons. Thereby
improvements in muscle energy absorption and storage can be achieved,
which in turn improves the biomechanical and physiological parameters
for muscle strength and power. The consequences of improved coordina-
tion and power are a reduction in the likelihood of falling and thereby a
reduced risk of falls-related fractures.

Table 5.11

Increased strength through Hypertrophy of muscles and power

Reduced falls through Improved coordination and power

Improved flexibility through Stretching exercises which improve energy
absorption and therefore muscle range of
movement and hence power

Therapy methods
¢ Aim: Prophylaxis against falling through exercises from series P,
F B and S.

¢ Emphasis of therapy is determined as a result of the findings from
the examination carried out by the therapist or medical doctor.

¢ If deficits are found in muscle power and strength then
exercises are chosen from series P and F.

¢ If the impairment is one of coordination then the emphasis of
therapy is series B.

*  Where muscle stiffness and lack of elasticity are problematic
then exercises from series S are given a higher priority.

Examples of exercises

The duration of treatment in clients who are at risk of falling varies
between individuals.

In order to maintain/sustain mobility and power the training in these
individuals should become daily routine. Progression occurs with increas-
ing strength of the client. Divide training into sets and repetitions. At least
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48 hours rest between exercise sessions are required. Balance training can
be carried out several times per day. These exercises can be carried out
with older individuals.

Table 5.12 Stretching/balance exercises

Duration of exercises 2—6 min

Frequency 5-12 Hz

Amplitude/foot placement Low to middle

Starting position In standing, carry out exercises from series B and

S. The number of repetitions is individually
tailored. Importantly, the whole body is gradually
brought to an end-of-range position of stretching

Balance Placing one foot alternately on the lowest position,
slightly lift the other foot and hold at 5 Hz without
support for 5-30 s

Table 5.13 Strength training

Duration per session 3-5 min

Frequency 25-30 Hz

Amplitude/foot placement Middle to high depending upon comfort

Starting position Exercises alternating from series F and P. Additionally
exercises from series B can be applied

Number of repetitions Sets of 10

Sets 3 sets per exercise

Interval between sets 10-20 s

Interval between sets 1-3 min

Additional weights 70% of individual maximal strength (the maximal

strength is the weight that a person can lift once)

Additionally, weights on a pulley system or a weighted vest can be
used. This increases the muscle pre-tension and thereby achieves a higher
training effect/load.
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Power training

Power training is attained through all series since power = force x velocity,
which is a combination of coordination, balance and strength.

Table 5.14

Starting position Selected individually

Frequency 18-30 Hz

Amplitude Middle to high

Duration 5-6 min

Number of repetitions Carry out these exercises without weights,

concentrating on speed and changes in direction.

Muscle power is essential to prevent falls. A reaction within millisec-
onds can reduce the risk of falling. The Chair Raising Test (GUG) is an
appropriate parameter for measuring muscle power and therefore is con-
venient to assess the risk of falling.

Guidelines for impaired circulation

Treatment goals/aims/objectives

e Blood flow in the lower extremity.

e Expectations of itchiness and pins and needles in the area of
training, as well as frequent redness of the skin and dilation of
the veins.

¢ Duration of a training session: 3; maximal 9 min.

* Daily sessions are recommended.

Table 5.15a Exercise example

Duration 3-9 min

Frequency 18-30 Hz

Amplitude/foot placement Middle to high

Starting position Standing, knees slightly bent. The centre of gravity of
the body is slightly moved continuously and slowly
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Table 5.15b

Duration of each exercise 3-5 min

Frequency 18-30 Hz

Amplitude/foot placement Low to middle/the feet should still be maintained on
the force platform even at high frequencies

Starting position Sitting, knees bent maximally to 90°, feet hip-width

apart (potentially increasing the foot pressure
through pressure from the arms on the knees). Small
movements through the ankles moving from tiptoes
to heel positions

Guidelines for incontinence

Exercise examples

Table 5.16 Improved strength and power of the pelvic floor muscles

Strength training of the pelvic Muscle hypertrophy and increase sphincter control
floor muscles

Functional improvement Proprioception of the pelvic floor, high repetitions

Increased flexibility through Stretching of the abdominal muscles and pelvic
floor muscles, thereby creating better storage of
energy and hence muscle power and improved
function

Additionally, electrotherapy, medication, weight reduction and general
principles of incontinence physiotherapy should be used.

® These exercises should be conducted over a period of at least 28
weeks.

¢ These exercises should be carried out actively on the vibration
platform.

* General exercise for pelvic floor musculature from incontinence
physiotherapy should be incorporated into the treatment.

e Total duration: 20-30 min

* two or three times per week.

¢ For anxiety-free training, a nappy/diaper can be used.



Guidelines and indications using examples of exercises

109
e Signs of urine loss are an indication that the bladder is being
stimulated. Initially, training should be carried out with an
empty bladder and later, with increasing strength, a full
bladder.
Table 5.17 Proprioceptive training for the pelvic floor
Duration 2-3 min
Frequency 10-15 Hz depending upon resonance
Amplitude/foot Low, training sessions varying it with wide base of support and
placement various fullness of bladder

Starting position e Standing, with slightly bent knees. If possible without holding

on. Through changes in the centre of gravity and slowly
extending the knees, the vibration can be directed into
various body parts.

e Deep squats with heels on the vibration platform.

e \Vith extended knees, tighten the buttocks and stomach and
then let go again.

The aim for the client is to improve proprioception of vibration in the
lower abdominal muscles.

Furthermore, the pressure on the pelvic floor and bladder can be
increased through breathing techniques and additional weights.

Pelvic floor training

The positioning for pelvic floor exercises is always individual.
Body positioning, frequency and leg positioning can optimally
influence the pelvic floor.

If no significant resonance occurs at 12 Hz then various other
leg positions, starting positions and frequencies need to be
assessed.

Possible variations are shown in Table 5.18.

Table 5.18

Knee flexion/extension

Foot-width apart/amplitude

Frequency variation

Muscle pre-tension of the buttocks, pelvic floor, abdominals and legs
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Exercise example

Table 5.19

Starting position Individually optimized conscious tensioning and relaxing of the
pelvic floor. Then increasing the pressure through breathing
out against a closed mouth or pressure with the hands on the
low abdominal region. Additionally, buttock and abdominal
muscles can be activated.

Frequency Individual 10—-27 Hz

Amplitude/foot Low to high

placement

Duration 2-3 min with at least 10 repetitions of each exercise

Ability to get out of a deep squat or the ability to do activities of daily
living such as lifting a heavy box can be trained.

Guidelines for the tilt table system

The tilt table allows the possibility of training at various angles between
horizontal and vertical, which allows the safe and progressive loading
from partial to full weight bearing.

Aim of the tilt table system

Table 5.20

Improved elasticity of the muscles, tendons and ligaments

Improved range of movement

Improved mobility

Improved muscle strength and power

Train coordination

Improve circulation

Reduce pain

Loosen spasticity and incorporate functional motor patterns

Allow a safe number of repetitions

Relearn natural movement patterns
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* Acute injuries and inflammation of the tendons, ligaments and
muscles requires a special treatment programme and therefore
are not part of the basic protocol.

¢ The introduction of strength training to the human body with
vibration is of the same magnitude but more controllable than
walking on uneven terrain.

Clients who are unable to walk should be transferred from a wheelchair
by two people onto a slanting tilt table or else from a second more highly
placed bed onto the tilt table. Use safety belts to secure the client.

Individual starting positions require adjustment of the underlying
surface and in particular the feet may need to be placed into the foot
holsters.

For client safety in the vertical positions use the belt system above the
knees.

Observe circulatory signs: skin colour, pulse, breathing. For people
with diabetes, the use of glucose before the commencement of training
may be indicated.

Avoid any strong vibration of the head through body positioning.

Always ensure protection against blisters.

Adjustable parameters

1. Apparatus frequency from 5-Hz to approximately 30-Hz.

Tilt table angle.

Foot placement (amplitude) from 1 to 3.

Body positioning.

Starting position (supine, prone, side lying, four-point kneeling,
long sitting).

Changes in centre of gravity.

7. Combinations of the above parameters.

G L

N

Commencement of the tilt table treatment

Table 5.21 Familiarization

Duration 1-2 min

Frequency 5-15 Hz

Amplitude/foot placement 1-3

Starting position Individual depending upon type, stage and severity of
disease. Clinical prudence and continuous assessment
of affect

Angle Individual depending upon type, stage and severity of

disease. Clinical prudence and continuous assessment
of affect
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The starting position should be taken from the traditional schools of
physiotherapy such as Bobath, Hanke concept from PNE, etc.

Exercise examples
Active stretching of muscles, tendons and ligaments is a prerequesite for
successful training.

Table 5.22 Balance, coordination and motor control

Duration 15-25 min in 5-min sets, with 1-min intervals
between sets. Change the starting position

Frequency 6-10 Hz

Amplitude/foot placement 1-3

Starting position Individual

Angle Individual

Motor control Low frequency over a longer period. The individual

movement patterns should follow a neurological
training programme

Recommended training 6 months, three times per week
duration

Table 5.23 Partial loading, coordination, muscle stability

Duration Total 5-15 min

Sets 1-3at -2 min

Sessions weekly 2 or 3 times

Frequency High frequency 22—-30 Hz

Amplitude/foot placement 1

Starting position Individual

Angle Depending upon the loading tolerance. The medically

recommended partial weight bearing can be
measured using scales. In this manner the
appropriate angle can be chosen
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Release of spasticity

The release of spasticity is individually variable from 10 to 30 Hz. Some
investigations even recommend just 5 Hz.

The starting position is very important as clients should be comfortable
and pain free. In some cases, the medical practitioner may include appro-
priate medication to reduce spasticity just prior to training.

Guidelines for weighted dumbbell training

Vibration dumbbell systems are less commonly used than the vibration
platform. Vibration dumbbells can be adjusted from 5 to 40 Hz with
amplitude of approximately 2.0 mm.

From the reflex-provoked muscle contraction arises an increase in
strength and power, depending upon the training parameters. Improved
inter- and intramuscular coordination occurs due to the nature of the
cyclical and fast stimulation.

The aim of the oscillatory dumbbells is improved strength of the shoul-
der and elbow muscles.

Gloves should be worn before every training session in order to avoid
blisters!

In a sitting or standing position, grab the dumbbells with both hands
with some light pre-tension. The starting position is varied depending
upon pathology. If necessary, the elbow can be flexed and supported on
a table.

Familiarization

Table 5.24

Duration 1-2 min

Frequency 5-15 Hz

Starting position Individually selected

Additional weights None

Arm movements Grab the dumbbells completely and move the arms

in various directions. Similarly, move the neck and
shoulders in various directions
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Table 5.25 Strength training with the dumbbells

Duration 15-30 min
Frequency 18-40 Hz
Position Weighted pulleys can also be used. The starting position is always

individually attained through the examination process. Firstly
determine the sets and repetitions by determining 70% MVC

Repetitions 2—10 repetitions with an interval between repetitions of 1 min

Sets

2-5 sets with an interval between sets of 3—=5 min

Example: arm/shoulder/neck

Aim: Increase muscle power. Move the arms in all different
directions and where possible go to the end of range.

High frequency: 18-27 Hz.

Duration: Exercise two or three times for approx 2 mins. Shake
the arms between sets.

The firmer the grip, the stronger the vibration.

Example: shoulder stiffness

Aim: Improvement of movement, increased muscle power.
Frequency: 5-15 Hz (varies depending upon client and body
position).

Duration: Each exercise for 1-2 min, many repetitions of

individual exercises are possible, train many times per day.

Starting position:

o Let the arms hang while holding the dumbbells. Frequency
slowly brought to 10-15 Hz. Bend the torso forwards and
move the arm diagonally and loosely back and forth.

o The starting position should have the glenohumeral joint in
the most comfortable and relaxed position.

Example: frozen shoulder

Aim: Improved range of motion, reduced pain.

The affected arm in either standing or sitting is taken back into
extension as far as possible. If this is painful then the exercise
can be carried out in the prone position on a plinth.

Adjust the frequency to 5-15 Hz. The therapist holds the
dumbbells at the motor point and slowly pushes the arm into
extension while the client lightly resists and then lets slowly go.
5-10 repetitions in sets of 3.



Exercise proposals

Example: tennis elbow/golfer’s elbow

Aim: Reduced pain and improved range of motion.

Starting position: The client sits in front of a table and places the
affected arm at approximately 40° on the table.

Hold the dumbbells for 1-3 min with 3-5 sets at end-of-range
supination and pronation.

Adjust the frequency to 10-18 Hz.

Afterwards the same movement for 1 min at 30 Hz.

Break of 20 s, then with the elbow in extension 3 x 10 repetitions
at 15 Hz of flexion and extension.

Training should normalize muscle tone, reduce pain and
reconstitute normal movement.

In the case of acute inflammation of less than 6 weeks’ duration,
the correct application should result in resolution of symptoms.
If the diagnosis seems to be unclear, the therapist or medical
doctor should be consulted.

Exercise proposals

Basic positioning

Description

Starting position for adapting to the vibration.
Preparation for further exercises.

Position of feet

Tight position of the feet: symmetrical and parallel.

Tips of feet approx. 7° to the outside.

One foot-width apart.

Standing with feet flat, with force evenly distributed on the
exercise platform.
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Figure 5.1
Body positioning
e Upright.
¢ Facing the front.
¢ Large leg joints slightly bent.
* Arms hanging relaxed.
o

Support at the beginning only if feeling insecure.

Figure 5.2



Exercise proposals

Execution, exercise duration and stimulation frequency

* Remain in the described position.

¢ Only small variation in the posture.

¢ 1 min at low frequency (5-12 Hz) subjectively acceptable
frequency and symmetrical position of the feet, then 1 min at
high frequency (18-40 Hz), then again 1 min at low frequency
(5-12 Hz).

* Depending upon body mass and stiffness (muscle tone)
frequency and amplitude can be individually tailored.

Objective
e Adjust the client to the vibration.
* Optimize the neuromuscular processes, safety through postural
control enhancement.
e Improve circulation and body awareness.

e Learn how the vibrations are distributed and controlled in the
body.

Comments: Recommendations before each treatment

The exercises need to be introduced as a concept of learning. The clients
must learn to recognize and to specifically control the connection between
minimal changes in the posture and the vibrations in the different parts
of the body. Self-awareness comes from experience of voluntary control
and guided movements.

Weight shift to the forefoot

Description

Starting position from the basic position moving the critical point of the
body mass over the forefoot-the heels are raised at the same time.

Position of feet
e Symmetrical parallel foot positioning/small amplitude.
e Point the feet 7° outwards.
e Initially 1 foot-width apart and gradually increase this.
e Finally stand on the forefoot while raising the heels.

Body positioning

e Upright, large leg joints slightly bent.
* Arms hanging relaxed.
* Support at the beginning only if insecure.
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Execution of the exercise

Starting from the basic position move the weight by slightly
bending the torso or translate movement of the torso slowly
ahead onto the front feet.

Simultaneously lift the heels alternately and to different
heights.

Raise the torso by different degrees: observe the distance
between thorax and hip.

Training duration and stimulation frequency

1 min at low frequency (5-12 Hz), subjective acceptable
frequency and tight foot position.

Then 1 min of high frequency (18-40 Hz).

Then 1 min of low frequency (5-12 Hz).

The duration of the exercise is varied, depending on the patient
and the entire programme.

Aim/objective/goal

Learn how the vibrations can be controlled in different parts of
the body. Foot and calf muscles are especially stimulated in the
forefoot position. By decreasing the support base higher
demands are directed to the control of the critical point of the
mass and thereby improvements in balance are achieved.
Reduce the possibility of a fall.

Comments/notes

The position of the forefoot and especially the dynamic change of the
body’s critical point the forefoot is more difficult than the basic position.
Care is to be taken when leading to the final position. Teach safety. By
very slowly raising the demand the client learns that the variation of the
position of the feet stimulates other body regions. Move the vibrations to
the lower leg.

Weight shift to the heel

Description

From the basic position move the critical point over the heel,
knees straight, lift the forefoot.

Foot placement

Symmetrical foot placement.
Feet pointed lightly outwards at 7°.



Exercise proposals

e [Initially approximately 1 foot-width apart and then gradually
increase this.
¢ Finally, stand on the heels, lightly lifting the forefeet.

Body positioning
e Upright, large joints of the legs nearly extended.
e Allow the arms to hold loosely.
* Only hang on if unsure/insecure/unsteady.

Execution of exercise

Starting from the basic position move the weight very slowly in the direc-
tion of the heels while simultaneously lifting the forefoot to various
degrees alternately. This results in large variation in the distribution of
vibration. Lift slightly. Balance on the heels is very difficult to control
because the sideways rotation through pronation and supination cannot
function to compensate for the perturbations in body movement. Initially,
the clients often need to hold on to a support and can stand freely for only
a few seconds. The therapist must give support/assistance.

Training duration and stimulation frequency

e 1 min at low frequency (5-15 Hz), subjectively acceptable
frequency with a small amplitude.

e Then 1 min at higher frequency (15-30 Hz).

e Then again at lower frequency (5-15 Hz).

Aim/objective/goal

e Learn how the vibrations can be directed to different parts of
the body: vibrations are preferentially directed to the
paravertebral muscle structure. The support base and major
elimination of the effect of supination and pronation makes this
experience more difficult, which thereby makes the exercise
more difficult and therefore challenges the balancing experience.

* Reduce the risk of falling.

Comments

The control of this position is much more demanding/challenging than
that in the basic position or the forefoot positions. Careful guidance is
needed. Impart safety through learning. Very slowly raise the demand.
Possibly stand without support for only a few seconds; intermittent
support is also part of this. For clients with reduced balance it is advisable
to offer constant support. Clients learn by changing the critical point and
the position of the feet; other parts of the body can be stimulated, thereby



@ Whole body vibration
120

directing vibration into the torso, and especially into the back. While on
the edge of the heel the centre of gravity is placed on the hip joints.

Squatting with/without weights

Description

¢ Feet spread apart-standing in a bent position.
¢ Stimulation of the hip—pelvis-back musculature through the use
of weights, as well as shoulders and arms.

Foot placement

* Feet spread apart, medium amplitude.

* Pointing the feet 20-30° outwards.

o Feet flat with even distribution of weight on the training
platform.

Body positioning

e Bent position, knees bent strongly, torso far to the front, back
straight buttocks stretched back.

e Weight in both hands, with arms stretched out at different
lengths.

e The stretching of the torso forwards and the pelvis back with
bent hip joints must be watched closely.

* Scapula directed medially and inferiorly.

Figure 5.3
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Execution
e Stay in this position, as deep as possible, gently moving up and
down. Arms with weights are stretched forwards differently so
as to obtain a torque (rotational moment).
* Variation: Large amplitude of going up and down, slowly 5 s
down, 5 s up.

Exercise duration and stimulation frequency

e After the progressive build-up of treatment, high frequency
(1840 Hz), 1-2 min. Fatigue of the muscles must be reached.

¢ Potentially after a few minutes rest, the exercise may be
repeated.

¢ Frequency of treatment: two or three times per week, depending
on fitness level; daily may be possible.

Aim/objective/goal

e Improvement of muscle strength and muscle power of the
hip-pelvic-back musculature.

e Improvement of the range in movement of the hip, knee and
ankle.

e Stimulation of the arm and shoulder musculature.

e Stimulus for bone growth.

Comments

A reduction of strength and power in the hip musculature is, next to
balance, the most important neuromuscular falls risk, which can be fateful
in older people. Muscle fatigue should be reached. In the presence of knee
problems the exercises should be progressed slowly.

Forward bending of the torso increases the torque of the torso in rela-
tion to the hip joint and pre-stretching of the gluteus maximus.

Torso bending/torso extending

Description
*  With extended or slightly bent knees bend the torso down and
forward.

Foot positioning
¢ Comfortable, not too narrow foot positioning with middle
amplitude.
e Feet rotated approximately 7° outwards, more than 1 foot-width
apart.
¢ Even distribution on the platform.
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Body posture

e Stretch the knees as much as possible.
¢ Arms and legs are in relaxed hanging position.

Figure 5.4 Figure 5.5

Execution, duration and stimulation frequency

¢ From a straight standing position very slowly, over 8 s, bend
the torso forward, not with momentum or force. Do not
simultaneously rotate. Subsequently, lift the arms over the head
and with a stretched spine reach upwards.

¢ Fingertips to the floor, stay down for 10-30 s, and move slightly
up and down, carefully feeling into the body.

* Repeat this exercise two or three times. Change the stimulation
frequency in the mid-region depending upon the mass and
stiffness of the client. Be guided by the range of movement and
the sense of well-being.
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Aim/objective/goal

e Stretching the calves, hamstrings and back extensors. With
the torso stretching, the hip, this allows more room for
increasing the moment arm. The greater the moment arm
and the greater the force, the greater the absorption of
potential energy.

¢ Pain relieving, muscle relaxation.

Comments

The importance of stretching has been dealt with earlier and should be
explained the physiotherapist. With improved range of movement, an
improved kinaesthetic awareness should follow. Improved range of
movement leads to muscle relaxation, prevention of pain and eleviation/
reduction of pain.

Both exercises are often discussed controversially. The correct execu-
tion of these exercises requires careful guidance and instruction by the
therapist. The patient must learn to carry out these movements with
finesse and good body awareness. The boundaries of balance and being
pain-free must be carefully monitored.

In cases of back and intervertebral disc pathology it is wise for the
therapist to discuss these exercises with the treating physician.

Pelvic tilting

Description
o Tilt the pelvis forwards and backwards with slightly bent knees.

Foot placement/positioning

e Feet hip-width apart, slightly rotated outwards, flat with even
distribution of force on the training platform, at middle
amplitude.

Body positioning

* Khnees slightly bent, the hands hold the pelvis near the hips. The
hands feel and guide the pelvic tilting manoeuvre.
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Figure 5.6 Figure 5.7

Execution, duration and stimulation frequency

e Very slowly tilt the pelvis. Maintain a constant position of the
knees and attempt to isolate the movement to the pelvis.

¢ Duration: Approximately 1-3 min, middle stimulation
frequency varying with the mass and stiffness of the client.

e Guidance dependent upon pelvic range of motion and sense of
awareness.

Aim/objective/goal

e Stretching and selective movement in the region of the lumbar
spine to improve torso control.
e Pain reduction, muscle relaxation.

Comments/notes

Stiffness in the hips is not only a problem among soccer players.
Elasticity / pliability in the region of the hips and control of the upper body
over the hips is the principal function for fluid motion of gait and body
control.
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Trunk side bending (A) and trunk rotation (B)

* (A) Move the hand down the side of the leg in the frontal plane;
the upper body does not turn or bend.

* (B) In erect standing the trunk is turned left and right around
the longitudinal axis horizontal plane.

Foot positioning
e Comfortable, not too narrow stance, small amplitude, feet
turned approximately 7° outwards, more than 1 foot-width

apart.
e TFeet flat with even distribution of force on the vibration
platform.
Body positioning

* Knee extended as much as possible.

* (A) Arms hanging left and right, hands on the trousers seam.

e (B) The arm in the direction of movement is abducted to 90°,
palm down. The opposite arm is bent in front of the chest, the
palm directs the shoulder to the back.

Figure 5.8 Figure 5.9
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Execution, duration and stimulation frequency

* (A) In the erect position tilt the trunk sideways, without
momentum or force, over 8 s.

¢ In the frontal plane, attempt to maintain pure lateral flexion,
and therefore do not rotate simultaneously. Use the fingertips to
bend sideways along the seams of the trousers.

e (B) Very slowly turn to the left and then the right, the head
following the outstretched arm in the frontal plane, and stay at
the end of range for 10-30 s, while moving very slightly up and
down, feeling carefully into the end of range.

Figure 5.10 Figure 5.11

* Repeat two or three times.
e Stimulation frequency is dependent on the resonance.
e Be guided by range of motion and perceived comfort.

Aim/objective/goal

* (A) Stretching the side trunk and pelvic muscles.

* (B) Stretching the obliquely oriented trunk and pelvic
musculature.

* By increasing the stretch, the displacement increases, which
results in greater absorption of potential energy for greater
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rapidity in movement and improved power. Better stretching
leads to pain reduction and muscle relaxation.

Comments/notes

The importance of stretching has been explained earlier and should be
taught to the client. Through improved range of motion, an improved
subjective feeling of well-being should ensue. Improved range of move-
ment leads to muscle relaxation and pain prevention as well as pain
reduction.

One-leg standing

Description

¢ The client stands on one leg on one side of the vibration
platform at various frequencies.

Foot placement/positioning

e Parallel, middle or high amplitude, foot pointing forward.
e Amplitude is progressively increased.

Body positioning
e Upright, bending lightly the joints of the stance leg.
* Free leg held up in a relaxed manner.
* Arms balanced for support.

Execution, duration and stimulation frequency

* Maintain the position and try to move gently up and down.

¢ 1 min at low frequency (5-12 Hz), perceived pleasant frequency,
then 1 min at high frequency (18-40 Hz), then 1 min at low
frequency (5-12 Hz).

¢ The distance to the mid-axis can be varied.

Aim/objective/goal

¢ Improve the balance, especially to the side.
* Reduce the risk of falling.

Comments/notes

As bipeds we spend 80% of our time on one leg: the critical aspect of
walking is the control of the lateral gravitational forces. This is exactly
what is being practised here.

When practising balance, both low- and high-frequency stimulation
should be applied.
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Frequency of balance training: in the selected position and frequency,
which is considered difficult = that doesn’t feel safe.

One-leg standing 90° on a side altering device

Description

e The client stands on one leg on the platform with the foot at 90°
to the vibration axis.

Foot placement

* 90° to the axis, with the foot pointing laterally. Here, the
compensatory movements are further from the axis and hence
the demand on the balancing mechanisms is higher.

Body positioning
e Erect, joints of the stance leg bent slightly, the free leg held in a
relaxed manner.
* Arms balanced over the possible support.

Execution, duration and stimulation frequency

* Maintain the position and move gently up and down.

¢ 1 min at low frequency (5-15 Hz), subjectively comfortable, then
1 min at high frequency (15-30 Hz), then another minute at low
frequency (5-15 Hz).

¢ Vary the distance to the mid-axis.

Aim/objective/goal

e Improve the balance forwards and backwards.
e Reduce the risk of falling.

Squat with adductors or abductor tension

Description

e Wide base of support and bent position while standing.

¢ Stimulation of the hip musculature and the adductors by
pressing a ball between the knees, the abductors by pulling
them apart against the resistance of an elastic band around the
knees.

Foot positioning

*  Wide symmetrical stance, middle amplitude, feet turned 20-30°
outwards.
e Feet flat with even distribution of force.
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Body positioning
¢ Bent position, knees bent, trunk bent a long way forwards,

buttocks stretched back.
¢ Engagement of elastic band or ball.

Execution

* Staying in this position, go down as deeply as possible, and
move slightly up and down.

* Variation: Press a ball between the knees.

® Variation: Use an elastic band to pull knees apart.

¢ Fatigue of the muscles should occur within 1-2 min.

Duration and frequency

e After progressive training, high frequency (18-40 Hz), for 1-2 min,
with either elastic bands or ball training with the knees.

e DPotentially after a few minutes rest, the exercise can be repeated
one more time.

e Training frequency per week: two or three times per week;
where the client is fit, daily sessions may be possible.

Aim/objective/goal

* Maintain and increase the strength and power of the hip
muscles, and the back muscles and specifically also the
abductors and adductors.

e Improved balance.

* Reduced risk of falling.

Comments/notes

When we are walking or running and we are transferring the weight
rapidly from one leg to the next, then the abductors of the stance leg
control the torque that the trunk creates to the swing side, while the
adductors through the pelvis and abdominal muscles counter pelvic
torsion and trunk lateral flexion. Thereby, the abductors and adductors
are the main muscles of the frontal plane.

Deep squat

Description

* Bent, wide base of support; and
¢ Stimulation of the hip musculature.
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Feet positioning
¢  Wide symmetrical foot positioning, middle to large amplitude,
feet rotated 20-30° outwards. Feet flat with even force
distribution on the vibration platform.
*  With increasing force, the distance between the legs can be
increased.

Body positioning
* Squat, large leg joints heavily bent. Trunk straight and bent a
long way forward, with the pelvis stretched back.
e With progressive training, try to go as deep as possible into the
squat.

Execution

* Maintain the position as low as possible and try to move gently
up and down.

® Variation: Slowly up and down, 3 s up and 3 s down.

e Fatigue of the musculature should be reached.

e Distance between the legs can be changed depending upon the
fatigue. Training can be augmented or ameliorated.

Duration and frequency

e With progressive training higher frequencies (1240 Hz) can be
used, for 1-2 mins.

¢ Potentially repeat the exercises after a few minutes rest.

¢ Training frequency two or three times per week.

Aim/objective/goal

* Maintain and increase the strength and power of the hip, leg
and back musculature. Through increasing strength, stimulation
of bone growth is improved.

¢ Improve the range of movement of the hip, knee and ankle;
hence, improved energy absorption and increased speed of
movement (kinetic energy).

Comments/notes

The reduction of strength and power around the hip musculature is,
after side balance, one of the most important neuromuscular factors in
preventing falls. Optimal training stimulation should incorporate reach-
ing muscle fatigue. With knee problems care should be taken with
progression.

The rule for all squat positioning is as follows: by bending the trunk
forwards the torque created on the gluteal muscles is high. Therefore,
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training these muscles is highly relevant in the sit-stand (GUG) test as
part of the assessment of the risk of falling and maintenance of
independence.

One-leg squat

Description

¢ Standing on one bent leg.
* Strong stimulation of the hip, thigh and back muscles.

Foot positioning
¢ The long axis of the feet should be parallel at small amplitude.
With increasing strength the amplitude can be increased.

Body positioning

¢ Bend the knees of the stance leg as much as possible, with the
trunk forwards and the pelvis back.

* Bring the centre of gravity of the trunk forwards to the axis
of rotation of the hip, thereby increasing the torque around
the hip.

* During progression try to go as deep as possible into the squat.

* Hold on so that the force is transferred with optimal movement
coordination and optimal joint congruence, thereby reducing the
risk of injury.

Execution

e Maintain the position as low as possible, and then in this
position try to move lightly up and down.
e Variation: Slowly move up and down, 4 s up and 4 s down.

Duration and frequency

* After progressive training higher frequency (18-30 Hz) can be
used, for 1-2 min. Potentially, after 1-min rest, the exercise can
be repeated once. Then repeat on the other leg.

¢ Fatigue should be reached within 1-2 mins.

¢ Training frequency per week: two or three times per week.

Aim/objective/goal

e Maximum increase in muscle mass, muscle strength and muscle
power of the hip, leg and back muscles.



@ Whole body vibration
132

¢ Improved range of movement of the hip, knee and ankle joints.
e Stimulation of bone growth around the hips.

Comments/notes

Bone structure is continually remodelled as a result of muscle forces.
Avoidance of hip fractures can be achieved through the maximal meta-
bolic stress of fatigue, which results in improved strength and power and
muscle mass.

In the presence of knee problems care must be taken to progress slowly.
Forward movement of the trunk increases the torque on the gluteal mus-
culature. The relevance of training these muscles has been shown in the
sit-stand (GUG) test for balance training.

Trunk horizontal

Description
e Wide stance with legs fairly straight, bend the trunk forward.

Foot positioning
¢ Middle amplitude, feet symmetrical, feet turned slightly
outwards. Feet flat with even force distribution.

Body positioning
* Knees straight, hips at 90°, trunk stretched pelvis back, head

placed lightly into the neck.
¢ The arms hang loosely or stretched forwards.

Execution

* Maintain the position. Arm position can be varied.
e Potentially hold a baton in both hands and stretch forward.

Duration and frequency

e With progression high frequency (15-30 Hz) can be used, for
1-2 min. Muscle fatigue should be reached.

* Potentially after a 1- to 2-min break the exercise can be
repeated.

e Training frequency per week: two or three times per week.



Strengthening exercises

Aim/objective/goal

* Maintain and increase strength and power in the gluteal and
back muscles.

e Stretch the posterior leg muscles.

e Stimulate bone growth.

Comments

Through the forward positioning of the trunk a maximal torque is achieved
around the hip joint which is countered by maximal gluteal activation.

Strengthening exercises
Upper limb

Triceps muscles

X (a

Figure 5.12 Figure 5.13
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Biceps/triceps muscles
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Figure 5.14 Figure 5.15

Whole arm muscle

Figure 5.16



Strengthening exercises

Push up

Figure 5.17

Figure 5.18
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Figure 5.19

Figure 5.20

E . Figure 5.21



Strengthening exercises

Figure 5.22

Upper body

Abdominal muscles

Figure 5.23
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Figure 5.24

Figure 5.25



Strengthening exercises

With theraband

Figure 5.26

Figure 5.27 Figure 5.28
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Figure 5.29 Figure 5.30

Figure 5.31 Figure 5.32



Strengthening exercises

Figure 5.33

Figure 5.34

Figure 5.35

Figure 5.36
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Figure 5.37 Figure 5.38




WBV as a warm-up prior to sport
Effects on flexibility

Alfio Albasini

Whole body vibration and the effect on flexibility:
a review

Whole body vibration (WBV) has been advocated as a warming-up device
prior to sport. It is thought that WBV has an influence on muscle length
and, muscle blood flow as well as an impact on soft-tissue viscoelastic
resonance.

Nazarov and Zilinsky (1984) were the first researchers to start to experi-
ment with the effect of vibration training (VT) on flexibility. They demon-
strated that vibration stretching could increase the range of motion (ROM)
in the shoulder of male gymnasts. Other authors followed these interest-
ing preliminary results.

Issurin et al (1994) tested the effect of vibratory stimulation training on
maximal force and flexibility in athletes. Twenty-eight male physical edu-
cation students, aged between 19 and 25 years, underwent a localized
vibration training, 44 Hz and 3-mm amplitude, applied through cables
during exercise for three times a week for 3 weeks. The subjects stretched
during the application of vibration by placing their foot onto a ring sus-
pended from an overhead vibrating device. The vibrating ring provided
stimulation for the leg in the ring while the subject stretched the leg. Each
subject placed their foot into the ring and stretched for 6-7 s, which was
followed by 3-4 s of rest, and this was repeated two to four times. The
subjects also performed static stretching exercises with the same param-
eters as the vibration stretching. The group who underwent VT had a
mean increase of 8.7% in the legs split compared with a mean average of
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2.4% increase in the conventional group and only 1.2% in the placebo
group. An even bigger result was seen for the trunk flexion component.
The flexibility group showed a mean gain of 43.6% compared with 19.2%
in the conventional group and 5.8% in the placebo group. Issurin et al
(1994) concluded that vibration exercise resulted not only in an increase
in the maximal strength, but also in increase in flexibility, much greater
than in conventional training procedures. They stated also that the gain
rate in strength, seen in their research, differed from the gain rate in flex-
ibility during vibration stimulation. Issurin et al (1994) also measured
what is called the flex-and-reach test (Lycholat 1990), which measures the
distance between the fingertips and a horizontal mark at foot level when
subjects flex their trunk-hip joint forward. Obviously this test includes
the flexibility of several joints of the trunk and therefore this may result
in a larger increase in ROM when compared with other studies where only
one part of the body, or one joint, is tested. The increased flexibility mea-
sured by the author ranged from 10.9 cm, before training, to 15.65 cm after
VT. As an underlying mechanism, for the effect on flexibility, they pro-
posed that the Golgi tendon organs, which are sensitive to active tension
(via Ib pathways), stimulated from the vibration, would evoke an auto-
genic inhibition of contraction resulting in relaxation of the muscle. They
postulated also that vibration of contracting muscles would prevent
squeezing of the capillaries which normally occurs during muscle contrac-
tion. Hence, the rhythmical oscillation of the vibration would elicit a
mechanical pump effect on the intramuscular tissue and therefore cause
an increase in blood flow and enhance the local muscle temperature. They
concluded by suggesting that the alleviation of pain by vibration may also
be a component during the active stretching regimens which elicits such
good results.

Van den Tillaar (2006) assessed whether WBV training on a vibration
platform would have a positive effect on flexibility training (contract—
relax method) by enhancing the ROM of the hamstring musculature,
which is a muscle group where frequent muscle strains occur. Nineteen
physical education students (12 women and 7 men, mean age 21.5 = 2.0
years) were randomly allocated to either a WBV group or a control group.
Both groups underwent a 4-week programme, where they were stretch-
ing, according to the contract-relax method (three times with a 5-s isomet-
ric contraction on each leg followed by 30 s of static stretching), three times
per week. Before each stretching exercise the WBV group would stand on
a vibration platform, Nemes Bosco system (28 Hz with 10-mm amplitude)
for 30 s, six times per training session in a squat position with knees bent
at 90° of flexion. The result demonstrated a significant increase in ham-
string flexibility by 14% in the control group and 30% in the WBV training

group.
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The authors explained their results with three possible mechanisms.
One possibility would be enhanced local blood flow which takes place
immediately (9 min) after VT (Kerschan-Schindl et al 2001). Increased
blood flow can generate additional heat which can facilitate ROM during
stretching exercise because muscle elasticity is enhanced. The second
mechanism may be related to the tonic vibration reflex. Vibration can
cause soft-tissue deformation which is capable of activating muscle spin-
dles (Wakeling et al 2003) and may lead to an enhancement of the stretch—
reflex loop (Cardinale & Bosco 2003). The frequency used in the present
study was 28 Hz, which reflects the natural frequency of the quadriceps
(Wakeling et al 2003), and therefore the authors hypothesized that the
stretch reflex of the quadriceps muscles was stimulated to damp the
induced frequency. Cardinale and Lim (2003) demonstrated that WBV
transmitted through a vibrating platform at 30 Hz, in half-squat position,
was able to produce the highest electromyograph (EMG) activity in vastus
lateralis of the quadriceps compared with non-vibrating conditions. Car-
dinale and Bosco (2003) suggested that VT appears to inhibit activation of
the antagonist muscles through Ia-inhibitory neurones. Thus, activating
the quadriceps muscles would relax the hamstring muscles and thereby
have a positive influence on the stretching exercise. Cardinale and Lim
(2003) also stated that vibrations were perturbations perceived by the
central nervous systems which modulates the stiffness of the stimulated
muscle groups. The reflex muscle activity could then be considered a
neuromuscular tuning response to minimize soft-tissue vibrations. These
responses are individual and therefore related to individual capabilities
in damping external perturbations in order to avoid resonance effects. The
third mechanism mentioned by Van den Tillaar (2006) is the propriocep-
tive feedback potentiation of inhibition of pain and increased pain thresh-
old. As stated already by Issurin et al (1994), subjects reported that the
sensation of pain was reduced within 10-15 s of beginning the static
stretching during vibration.

Sands et al (2006) in their study wanted to determine whether vibra-
tion-aided static stretching could enhance ROM more than static stretch-
ing alone, in the forward split position. Ten young male gymnasts,
participating in intensive gymnastics training (age = 10.1 + 1.5 years), were
randomly assigned to experimental (1 = 5) and control (1 = 5) groups. The
test consisted of performing what is called the ‘forward split position” for
stretching on the vibration devices in two different positions. In the first
position the athlete places their forward leg on the vibrating device such
that the posterior calf area is supported by the device (Figure 6.1). In the
second position the gymnast assumes a lunge position with the rear thigh
directly on top of the vibrating device (Figure 6.2). The height of the ante-
rior iliac spine of the pelvis was measured at the lowest split position.
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Figure 6.1 Forward split stretching position on the vibration device. The targeted leg in
this position is the forward leg.

Reprinted from Sands WA, McNeal JR, Stone MH et al (2006) Flexibility enhancement with vibration: acute and
long-term. Mediicine and Science in Sports and Exercise 38:720—725, with permission.

Figure 6.2 Forward split stretching position on the vibration device. The targeted leg in
this position is the rear leg.

Reprinted from Sands WA, McNeal JR, Stone MH et al (2006) Flexibility enhancement with vibration: acute and
long-term. Mediicine and Science in Sports and Exercise 38:720—725, with permission.
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The protocol consisted in stretching of the forward and rear legs to the
point of discomfort for 10 s followed by 5 s of rest, repeated four times on
each leg (right and left) resulting in 1 min of total stretching in each posi-
tion, for a total of 4 min for one complete session of stretching. The experi-
mental group stretched with the device turned on; the control group
stretched with the device turned off. The devices were floor units which
consisted of a heavy base to which was attached an upper section that was
vibrated by an electric motor that resulted in a sinusoidal vibration fre-
quency of approximately 30 Hz and an approximate displacement of
2 mm. A pre-test was followed by an acute phase post-test; thereafter, a
second post-test measurement was performed following 4 weeks of treat-
ment. The acute effect of the vibration treatment resulted in immediate
and dramatic increases in forward split flexibility for both legs (p < 0.05).
The long-term effects showed that one split side reached a statistically
significant increase in ROM only on the right rear leg (p < 0.05), whereas
the other did not. Sands et al (2006) stated in their analysis that the
lack of statistical significance on one side during the long-term post-test
may have been the result of the increased variability of the splits observed
in the control group. The present study is similar to that of Issurin et al
(1994) regarding the period of time and the protocol of stretching used.
Sands et al (2006) concluded the study, mentioning that vibration effects
on range of motion enhancement are incompletely understood and may
provide a window into further understanding of the role of muscle spin-
dles, Golgi tendon organs and the importance of higher central nervous
system influence on polysynaptic reflexes, and other aspects of motor
control.

Kinser et al (2008) wanted to test the effects of simultaneous vibration
stretching on flexibility and explosive strength in competitive female gym-
nasts. Twenty-two female athletes (age = 11.3 * 2.6 years) composed the
experimental vibration stretching (VS) group, which performed two tests:
flexibility and jumping. There were four control groups whose constitu-
ents were subpopulations of the VS group who did stretching only (SF)
(n =7) and vibration only (VF) (n = 8). Explosive strength-control groups
were stretching only (SES) (n = 8) and vibration only (VES) (n = 7). The
vibration device [similar to that used by Sands et al (2006)], 30 Hz, 2-mm
displacement, was applied to four sites, four times for 10 s, with 5 s of rest
in between as in based on the same protocol [Sands et al (2006)]. Right
and left forward split (RFS and LFS) flexibility was measured by the dis-
tance between the ground and the anterior superior iliac spine. A force
plate (sampling rate, 1000 Hz) recorded countermovement and static jump
characteristics. Explosive strength variables included flight time, jump
height, peak force, instantaneous forces and rates of force development.
The results demonstrated a statistically significant increased flexibility (p)
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with large effect sizes (d) in both the right forward split (p =1.28, d = 0.67)
and left forward split (p = 2.35, d = 0.72) (Figure 6.3, Table 6.1). A very
interesting finding in this research is that the addition of vibration to
stretching not only increases flexibility but also maintains explosive
strength (e.g., jumping ability). This observation is important considering
that the athletes were already warmed up, as evidenced by the lack of
change in ROM among the groups not receiving any vibration. As a pos-
sible mechanism affecting flexibility by vibration and stretching, the
author mentioned decreased musculotendinous stiffness, muscular antag-
onist inhibition and increased pain threshold. It is important to note that,
in the present study, stretching alone resulted in a loss of jump perfor-
mance; however, the addition of acute vibration seems to have preserved
the ability to express explosive strength (Tables 6.1 and 6.2).

This has already been seen in previous studies in which stretching
resulted in decreased explosive strength in force production and rate of
force development. Similar findings were described by Cardinale and Lim
(2003). In their study, vibration combined with stretching did not increase
the jumping performance. Moreover it caused no loss of explosive strength,
which means that vibration and stretching are enhancing flexibility while
not impairing explosive strength. The authors concluded the paper advo-
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Figure 6.3 Changes in flexibility in relation to the athlete’s favoured leg, dictated by the
rearward leg in the split position. Statistically different means before vs after, Bonferroni
adjusted p value.

Reprinted from Kinser AM, Ramsey MW, O'Bryant HS et al (2008) Vibration and stretching effects on flexibility and
explosive strength in young gymnasts. Medicine and Science in Sports and Exercise 40(1):133-140.
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cating that future research may require a change from the stretch—
vibration protocol using a longer duration of vibration than the 10-s period
used by themselves and by Sands et al (2006). Future investigations should
address the addition of vibration to stretching as a warm-up programme.
The purpose of the study by Wakeling et al (2002) was to identify how
the lower extremity muscles minimize the soft-tissue resonance that occurs
in response to pulsed and continuous mechanical vibration. In their study
two hypotheses were tested: muscle activity increases the natural fre-
quency to minimize resonance when the excitation frequency is close to
the natural frequency of the soft tissues. The second hypothesis was how
muscle activity would increase the damping to minimize resonance when
the excitation frequency is close to the natural frequency of the soft tissues.
Ten male (age 25.6 + 1.2 years) and 10 female (age 23.1 *) athletic subjects
were tested, while standing on a vibration platform driven by a hydraulic
actuator. Continuous vibrations and pulsed bursts of vibrations were
presented, across the frequency range of 10-65 Hz and with peak-to-peak
amplitude of the platform displacement of 5 mm. The test consisted of a
cycle of 3 s of vibration followed by 3 s of no platform movement. During
each vibration period, the frequency and amplitude of the platform vibra-
tion were kept constant. Frequencies of 10, 13.1, 17.1, 22.3, 29.1, 38.1, 49.7
and 65.0 Hz were tested. These eight frequencies were presented in a
randomized block. The randomized block was then repeated five times so
that the subject experienced a total of 40 periods of vibration in each test.
Soft-tissue vibrations were measured with triaxial accelerometers, and
muscle activity was measured by using surface electromyography from
the quadriceps, hamstrings, tibialis anterior and triceps surae muscle
groups. The measurements were taken with the subjects standing with a
knee-flexion angle of 23°, which would mimic the knee posture at heel
strike during running. The results demonstrate an elevated muscle activity
in the EMG and an increased damping of vibration power which occurred
when the frequency of the input was close to the natural frequency of
each respective soft tissue. However, the natural frequency of the soft
tissues did not change in a manner that correlated with the frequency of
the input. The natural frequencies of the quadriceps, tibialis anterior and
triceps surae range from 10 Hz for the relaxed condition to 50 Hz in a fully
active state (Wakeling & Nigg 2001). The soft tissues are expected to reso-
nate if the excitation frequency of a mechanical stimulus is close to the
natural frequency of the soft tissues. It has been proposed that during
walking and running the soft tissues of the lower extremity have a strategy
of minimizing the soft-tissue vibrations (Nigg 1997). The body has a strat-
egy of tuning muscle activity, in this case of the lower limb, in order to
respond to the excitation frequency of the impact shock at heel strike
during walking or running. It appears, as a result of this study, that
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soft-tissue damping may be the mechanism by which resonance is mini-
mized at heel strike during running and the changes in frequency may
have been a consequence of the altered muscle activity. Impact forces
during heel-toe running typically have a major frequency component
between 10 and 20 Hz. This frequency range spans the natural frequencies
of the soft tissues measured in this study, which were 15 Hz. Thus there
is potential for vibrations in the soft tissues to occur as a result of the
impact forces. In order for the soft tissues to vibrate in such a manner they
must have viscoelastic properties. During soft-tissue vibrations mechani-
cal energy can be stored and returned from the elastic structures of the
tendon and the attached cross-bridges. Damping of the vibrations results
in a net dissipation of mechanical energy which can be absorbed by acti-
vated muscle.

Conclusion

These preliminary results offer convincing evidence that WBV has a role
to play as a warm-up to ballistic weight-bearing high-impact sports, in
which muscle length, temperature and resonance frequencies can have an
impact on sporting achievement as well as playing a role in the reduction
in the incidence of injury.

Exercise proposals: stretching section

/

/4

Figure 6.4 Stretching of quadriceps and iliopsoas muscles.



Exercise proposals: stretching section

Figure 6.5 Stretching of hamstring Figure 6.6 Stretching of gastrocnemius
muscles. muscles.

Figure 6.7 Stretching of soleus muscles.
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The Activities-specific Balance Confidence (ABC) Scale*

Instructions to Participants:

For each of the following, please indicate your level of confidence in doing the activity without
losing your balance or becoming unsteady from choosing one of the percentage points on the
scale form 0% to 100%. If you do not currently do the activity in question, try and imagine how
confident you would be if you had to do the activity. If you normally use a walking aid to do the
activity or hold onto someone, rate your confidence as you were using these supports. If you
have any questions about answering any of these items, please ask the administrator.

The Activities-specific Balance Confidence (ABC) Scale*
For each of the following activities, please indicate your level of self-
confidence by choosing a corresponding number from the following
rating scale:

0% 10 20 30 40 50 60 70 80 90 100%
no confidence completely confident

“How confident are you will not lose your balance or become
unsteady when you...
1. ...walk around the house? __ %
..walk up or down stairs? ___ %
..bend over and pick up a slipper from the front of a closet floor __ %
..reach for a small can off a shelf at eye level? ___ %
..stand on your tiptoes and reach for something above your head? ___ %
..stand on a chair and reach for something? %
..sweep the floor? ___ %
..walk outside the house to a car parked in the driveway? __ %
...get into or out of the car? __ %
10. ...walk across a parking lot to the mall? ___ %
11. ...walk up or down a ramp? __ %
12. ...walk in a crowded mall where people rapidly walk past you? ___ %
13. ...are bumped into by people as you walk through the mall? ___ %
14. ...step onto or off an escalator while you are holding onto a railing?
%
15. ...step onto or off an escalator while holding onto parcels such that you
cannot hold onto the railing? ___ %
16. ...walk outside on icy sidewalks? ___ %

A A O

* Powell, LE & Myers AM. The Activities-specific Balance Confidence (ABC) Scale. J Gerontol Med Sci 1995; 50(1): M28-34

Figure 6.8
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TINETTI BALANCE ASSESSMENT TOOL

Tinetti ME, Williams TF, Mayewski R, Fall Risk Index for elderly patients based on number of chronic dis-
ablities. Am J Med 1986:80:429-434

PATIENTS NAME D.o.b Ward
BALANCE SECTION

Patient is seated in hard, armless chair;

Date

L Leans or slides in chair =0
Sitting Balance Steady, safe -1
Unable to without help =0

Rises from chair Able, uses arms to help =1
Able without use of arms =2

Unable to without help =0

Attempts to rise Able, requires >1 attempt =1
Able to rise, | attempt =2

Immediate standing Unsteady (staggers, moves feet, trunk sway) i 0
Bal first 5 d Steady but uses walker or other support =1
alance (first 5 seconds) Steady without walker or other support =2
Unsteady =0

Standing balance Steady but wide stance and uses support =1
Narrow stance without support =2

Begins to fall =0

Nudged Staggers, grabs, catches self =1
Steady =2

Unsteady =0

Eyes closed Steady -1
Discontinuous steps =0

. Continuous =1
Turning 360 degrees Unsteady(grabs, staggers) =0
Steady =1

Unsafe (misjudge distance, falls into chair) =0

Sitting down Uses arms or not a smooth motion =1
Safe, smooth motion =2

Balance score /16 /16

Figure 6.9
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Berg Balance Scale

Description:
14-item scale designed to measure balance of the older adult in a clinical setting.

Equipment needed: Ruler, 2 standard chairs (one with the arm rests, one without)
Footstool or step, Stopwatch or wristwatch, 15 ft walkway

Completion:

Time: 15-20 minutes
Scoring: A five-point ordinal scale, ranging from 0-4. “0” indicates the lowest level

of function and “4” the highest level of function. Total Score = 56

Interpretation: 41-56 = low fall risk
21- 40 = medium fall risk
0 - 20 = high fall risk
Criterion Validity:
“Authors support a cut off score of 45/56 for independent safe ambulation”.

Riddle and Stratford, 1999, examined 45/56 cutoff validity and concluded:
e Sensitivity = 64% (Correctly predicts fallers)
e Specificity = 90% (Correctly predicts non-fallers)
e Riddle and Stratford encouraged a lower cut off score of 40/56 to assess fall risk

Comments: Potential ceiling effect with higher level patients. Scale does not include gait items
Norms:

Lusardi, M.M. (2004). Functional Performance in Community Living Older Adults.
Journal of Geriatric Physical Therapy, 26(3), 14-22.

Table 4. Berg Balance Scale Scores: Means, Standard
Deviations, and Confidence Intervals by Age, Gender,
and Use of Assistive Device

Age(y) Group N Mean SD a
60-69 Male 1 51.0 — 35.3-66.7
Female 5 54.6 0.5 47.6-61.6
Overall 6 54.0 1.5 52.4-55.6
70-79 Male 9 53.9 1.5 48.7 - 59.1
Female 10 51.6 2.6 46.6 - 56.6
Overall 19 52.7 2.4 51.5-53.8
80-89 Male 10 41.8 12.2 36.8-46.8

Female 24 42.1 8.0 38.9-453
No Device 24 46.3 4.2 44.1 -48.5
Device 10 37 10.0 28.3-35.1

Overall 34 42.0 9.2 38.8-45.3
90-101 Male 2 40.0 1.4 28.9-51.1
Female 15 36.9 9.7 32.8-40.9
No Device 7 45 4.2 40.9 - 49.1
Device 10 31.8 7.6 28.4-35.2
Overall 17 37.2 9.1 32.5-419

Figure 6.10
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Berg Balance Scale

Name: Date:

Location: Rater:

ITEM DESCRIPTION SCORE (0-4)

Sitting to standing

Standing unsupported

Sitting unsupported

Standing to sitting

Transfers

Standing with eyes closed
Standing with feet together
Reaching forward with outstretched arm
Retrieving object from floor
Turning to look behind
Turning 360 degrees

Placing alternate foot on stool
Standing with one foot in front
Standing on one foot

Total
GENERAL INSTRUCTIONS

Please document each task and/or give instructions as written. When scoring, please record
the lowest response category that applies for each item.

In most items, the subject is asked to maintain a given position for a specific time.
Progressively more points are deducted if:

e the time or distance requirements are not met

o the subject’s performance warrants supervision

o the subject touches an external support or receives assistance from the examiner
Subject should understand that they must maintain their balance while attempting the tasks.
The choices of which leg to stand on or how far to reach are left to the subject. Poor
judgment will adversely influence the performance and the scoring.

Equipment required for testing is a stopwatch or watch with a second hand, and a ruler or
other indicator of 2, 5, and 10 inches. Chairs used during testing should be a reasonable
height. Either a step or a stool of average step height may be used for item # 12.

Figure 6.11
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Berg Balance Scale

SITTING TO STANDING

INSTRUCTIONS: Please stand up. Try not to use your hand for support.
( )4  able to stand without using hands and stabilize independently

( )3  able to stand independently using hands

( )2  able to stand using hands after several tries

( )1  needs minimal aid to stand or stabilize

( )0  needs moderate or maximal assist to stand

STANDING UNSUPPORTED

INSTRUCTIONS: Please stand for two minutes without holding on.
( )4 able to stand safely for 2 minutes

( )3  able to stand 2 minutes with supervision

( )2 able to stand 30 seconds unsupported

()1  needs several tries to stand 30 seconds unsupported

( )0  unable to stand 30 seconds unsupported

If a subject is able to stand 2 minutes unsupported, score full points for sitting unsupported. Proceed to item #4.

SITTING WITH BACK UNSUPPORTED BUT FEET SUPPORTED ON FLOOR OR ON A STOOL
INSTRUCTIONS: Please sit with arms folded for 2 minutes.

( )4 able tosit safely and securely for 2 minutes

( )3  able to sit 2 minutes under supervision

( )2 ableto able to sit 30 seconds

()1  abletosit 10 seconds

( )0  unable to sit without support 10 seconds

STANDING TO SITTING

INSTRUCTIONS: Please sit down.

()4  sits safely with minimal use of hands

( )3 controls descent by using hands

()2 uses back of legs against chair to control descent
1 sits independently but has uncontrolled descent
0 needs assist to sit

TRANSFERS

INSTRUCTIONS: Arrange chair(s) for pivot transfer. Ask subject to transfer one way toward a seat with armrests and one way toward a
seat without armrests. You may use two chairs (one with and one without armrests) or a bed and a chair.

( )4  able to transfer safely with minor use of hands

( )3  able to transfer safely definite need of hands

()2  able to transfer with verbal cuing and/or supervision

( )1  needs one person to assist

( )0  needs two people to assist or supervise to be safe

STANDING UNSUPPORTED WITH EYES CLOSED
INSTRUCTIONS: Please close your eyes and stand still for 10 seconds.
( )4  able tostand 10 seconds safely

( )3  abletostand 10 seconds with supervision

( )2  able tostand 3 seconds

( )1  unable to keep eyes closed 3 seconds but stays safely

( )0  needs help to keep from falling

STANDING UNSUPPORTED WITH FEET TOGETHER

INSTRUCTIONS: Place your feet together and stand without holding on.

( )4  able to place feet together independently and stand 1 minute safely

()3 able to place feet together independently and stand 1 minute with supervision
( )2  able to place feet together independently but unable to hold for 30 seconds
()1 needs help to attain position but able to stand 15 seconds feet together

()0  needs help to attain position and unable to hold for 15 seconds

Figure 6.12
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Berg Balance Scale continued......

REACHING FORWARD WITH OUTSTRETCHED ARM WHILE STANDING

INSTRUCTIONS: Lift arm to 90 degree. Stretch out your fingers and reach forward as far as you can. (Examiner places a rule at the
end of fingertips when arm is at 90 degrees. Fingers should not touch the ruler while reaching forward. The recorded measure is the
distance forward that the fingers reach while the subject is in the most forward lean position. When possible, ask subject to use both
arms when reaching to avoid rotation of the trunk.)

( )4  canreach forward confidently 25 cm (10 inches)

( )3 canreach forward 12 cm (5 inches)

()2 canreach forward 5 cm (2 inches)

()1 reaches forward but needs supervision

( )0 loses balance while trying/requires external support

PICK UP OBJECT FROM THE FLOOR FROM A STANDING POSITION

INSTRUCTIONS: Pick up the shoe/slipper, which is place in front of your feet.

( )4  able to pick up slipper safely and easily

( )3 able to pick up slipper but needs supervision

( )2  unable to pick up but reaches 2-5 cm (1-2 inches) from slipper and keeps balance
independently

()1 unable to pick up and needs supervision while trying

( )0  unable to try/needs assist to keep from losing balance or falling

TURNING TO LOOK BEHIND OVER LEFT AND RIGHT SHOULDERS WHILE STANDING
INSTRUCTIONS: Turn to look directly behind you over the left shoulder. Repeat to the right. Examiner may pick an object to
look at directly behind the subject to encourage a better twist turn.

( )4  looks behind from both sides and weight shifts well

( )3 looks behind one side only other side shows less weight shift

()2 turns sideways only but maintains balance

()1 needs supervision when turning

( )0 needs assist to keep from losing balance or falling

TURN 360 DEGREES

INSTRUCTIONS: Turn completely around in a full circle. Pause. Then turn a full circle in the other direction.
()4  able to turn 360 degrees safely in 4 seconds or less

()3  able to turn 360 degrees safely one side only 4 seconds or less

()2  able to turn 360 degrees safely but slowly

( )1  needs close supervision or verbal cuing

( )0  needs assistance while turning

PLACE ALTERNATE FOOT ON STEP OR STOOL WHILE STANDING UNSUPPORTED

INSTRUCTIONS: Place each foot alternately on the step/stool. Continue until each foot has touch the step/stool four times.
( )4  able to stand independently and safely and complete 8 steps in 20 seconds

( )3  able to stand independently and complete 8 steps in > 20 seconds

( )2  able to complete 4 steps without aid with supervision

()1 able to complete > 2 steps needs minimal assist

( )0  needs assistance to keep from falling/unable to try

STANDING UNSUPPORTED ONE FOOT IN FRONT

INSTRUCTIONS: (DEMONSTRATE TO SUBJECT) Place one foot directly in front of the other. If you feel that you cannot place your
foot directly in front, try to step far enough ahead that the heel of your forward foot is ahead of the toes of the other foot. (To score 3
points, the length of the step should exceed the length of the other foot and the width of the stance should approximate the subject’s
normal stride width.)

( )4  able to place foot tandem independently and hold 30 seconds

( )3  able to place foot ahead independently and hold 30 seconds

()2  able to take small step independently and hold 30 seconds

()1 needs help to step but can hold 15 seconds

( )0 loses balance while stepping or standing

STANDING ON ONE LEG

INSTRUCTIONS: Stand on one leg as long as you can without holding on.

( )4  able to lift leg independently and hold > 10 seconds

()3  able to lift leg independently and hold 5-10 seconds

()2  ableto lift leg independently and hold > 3 seconds

()1 tries to lift leg unable to hold 3 seconds but remains standing independently.
( )0  unable to try of needs assist to prevent fall

() TOTAL SCORE (MAXIMUM = 56)

Figure 6.12—cont’d



Appendix: Synopsis of research into WBY

Guidelines for the Six-Minute Walk Test

The following elements should be present on the 6MWT worksheet and report:
Lap Counter:

Patient name: Patient ID#
Walk# Tech ID: Date:
Gender: MF Age: _ Race: __ Height: _ ft in, ______meters
Weight: . lbs,__ kg Blood pressure: /_
Medications taken before the test (dose and time):
Supplemental oxygen during the test: No Yes, flow _____ L/min, type _
Baseline End of Test
Time _ o
Heart Rate _ -
Dyspnea . _____ (Borg CR10 Scale®)
Fatigue _ ______ (Borg CR10 Scale®)
SpO, _ % %

Stopped or paused before 6 minutes? No Yes, reason:
Other symptoms at end of exercise: angina dizziness hip, leg, or calf pain

Number of laps: ____ (x 60 meters ) + final partial lap: __meters =
Total distance walked in 6 minutes: __ meters
Predicted distance: ____ meters Percent predicted: _ %

Tech comments:
Interpretation (including comparison with a preintervention 6MWD):

Figure 6.13 Guidelines for the Six-Minute Walk Test (American Journal of Respiratory
and Critical Care Medicine, 166/111-117, American Thoracic Society (2002))
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*The Borg CR10 Scale® (© Gunnar Borg)

0 Nothing at all

0.5 Very, very slight (just noticeable)
1 Very slight

2 Slight (light)

3 Moderate

4 Somewhat severe

5 Severe (heavy)

6

7 Very severe

8

9

10 Very, very severe (maximal)

Figure 6.13—cont’d This Borg scale should be printed on heavy paper (11 inches high
and perhaps laminated) in 20-point type size. At the beginning of the 6-min exercise,
show the scale to the patient and ask the patient: ‘Please grade your level of shortness
of breath using this scale.” Then ask: ‘Please grade your level of fatigue using this
scale.’ At the end of the exercise, remind the patient of the breathing number that they
chose before the exercise and ask the patient to grade their breathing level again. Then
ask the patient to grade their level of fatigue, after reminding them of their grade
before the exercise.

*For basic information about scale construction, metric properties, correct
administration etc., it's necessary to read the book (Borg, G. 1998, Borg’s Perceived
Exertion and Pain Scales, Human Kinetics) and relevant folder.

Scales and Instructions can be obtained for a minor fee from Dr. G. Borg and his
company, Borg Perception, Radisvidgen 124, 16573 Hasselby, Stockholm, Sweden.
Phone: 46-8-271426 or E-mail: borgperception@telia.com.
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A

ABC (Activities-specific Balance
Confidence) scale, 74t, 77, 187f
Abdominal muscles, strength exercises,
137f, 138f
Abductor tension, squatting, 128-129
Acceleration, simple harmonic motion, 18
Actin, 29f
cell distortion, 35
polymerization machinery, 54f
o-Actinin, 29f
Actin-related protein (Arp2/3), 53-54,
54f
Activities of daily living, 44
Activities-specific Balance Confidence
(ABC) scale, 74t, 77, 187f
Acute effects, 66-77
outcome measures, 76-77
Adductor tension, squatting, 128-129
Adipocytes, 55f
Ambulation tests, 74t
Amplitude
definition, 5
Galileo, 7
variation in, 66-67
clinical evidence, 67-68
Ancient Greece, 1
Animal models
bone density, 56-57
insulin-like growth factor, 52
obesity, 59
Ankle, in locomotion, 17
Apoptosis
osteocytes, 35
tensegrity, 32
Arms
NBS (NEMES Bosco System), 9
strength exercises, 133-137
weighted dumbbell training, 114
Assessment forms, 97-98, 97t, 98t
general health, 97t

Balance
as outcome measure, 68
stroke, 74
Balance (B) exercises, 100
likelihood of falling, 106t
tilt table system, 112t
Basal metabolic rate (BMR), sarcopenia,
45
Basic body positioning, 115-117
Bed rest, clinical studies, 45, 49
Berg Balance Scale, 74t, 77, 189, 189f, 190,
191-192f
Bernstein, Nikolai, 16
movement control, 17f
Biceps
bilateral curl
clinical evidence, 69
history, 3, 4f
dumbbell training,
electromyography, 8
strength exercises, 134f
Biomechanics, 1342
see also specific areas
Blisters, as side effect, 98
Blood flow, 71
BMD see Bone mineral density (BMD)
BMR (basal metabolic rate), sarcopenia,
45
Body positioning, 116, 116f
basic, 115-117
clinical evidence, 68-69
resonance, 19
Bone density, 54-57, 55f, 82-87
animal models, 56-57
bone perfusion vs., 55-56
Bone mass, 35-36, 36f
Bone mineral density (BMD), 54-55,
81-82, 83
femoral neck, 81
Bone perfusion, bone density vs., 55-56
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C

Cadherins, 54f
Calpain, 53
Cell distortion, 32, 33f, 34-35, 34f
cytoskeleton, 35
F-actin, 35
Chariot, Jean-Martin, 2
Circulation, impaired, 107-108, 107t
Client aims, patient guidance, 96
Client report/feedback, 95
Clinical applications, 43-63, 99-115
standard guidelines, 99-100
see also specific conditions
Clinical evidence/studies, 66-87,
143-173t, 155-186t
amplitude variation, 67-68
bed rest, 45, 49
bilateral biceps curl, 70
body positioning variation, 6869
dosage variability, 66
fatigue, 68-69
frequency variation, 67-68
Galileo, 69
maximal force, 143-144
muscle function, 69
outcome measures, 68
populations, 67
protocol variability, 66
Commercial devices, 6-10
see also specific devices
Computational model, tensegrity, 31,
31f
Conservation of energy, 15
Conservation of momentum, 24-25
Contraindications, 65-66
Cool down stage, osteoporosis/
osteopenia, 104t
Coordination, tilt table system, 112t
Cortisol, 70
Costamere, 29f
Counter-movement jump (CM]), 27
as outcome measure, 68
Cytokines, 48
Cytoskeleton, in cell distortion, 35

D

Dampening, 5
Deep squats, 129-131
Definition (of whole body vibration), 6

Delayed onset muscle soreness (DOMS),
50
Desmin, 27, 29f
Diabetes, 58-59
Discontinuous compression, tensegrity,
30
Dizziness, as side effect, 98
DOMS (delayed onset muscle soreness),
50
Dosage, 53
for progression, 78-79
variability, clinical evidence, 66
Downbhill skiing, 5
Dumbbell training see Weighted
dumbbell training
Duration
definition, 5
variation in, 68
Dynamic strength, 79-80
Dyslipidemia, 58-59
Dystrophin, 27, 29f

E

Eccentric exercise, 26-30
plyometric exercise, 27
Elastic linearity, tendons, 35
Elastic potential energy, 22-23
Elderly population
functional capacity, 86-87, 87f
functional movement capacity, 26
Electromyography
biceps dumbbell training, 8
medial gastrocnemius, 21f
triceps surae, 21f
Elevated muscle activity, resonance,
19-20
Endomysium, 27
Energy
conservation of, 15
consumption measurement, 58-59
transfer, simple harmonic motion, 16
Equilibrium, 45
Erector spinae, 84t
Erythema, 71
Exercise, immune function, 50-51, 52
Exercise proposals, 115-133
basic positioning, 115-117
body positioning, 116, 116f
feet positioning, 115, 116f
forefoot weight transference, 117-118



heel weight transference, 118-120
one leg standing see One leg standing
pelvic tilting, 123-124, 124f
squatting see Squatting
strength see Strength exercises
torso bending/extending, 121-123,
122f
trunk see Trunk
see also specific exercises; specific muscle
groups
Explosive strength, 48, 79-80
female gymnast studies, 147-148,
150t, 151
Extracellular kinase (ERK), 32
Extracellular matrix (ECM), 54f

F

F-actin, cell distortion, 35
Falling, likelihood of, 105-107, 105t
balance exercises, 106t
power training, 107
strength training, 106t
stretching exercises, 106t
Falls efficacy scale (FES), 77
Familiarization
tilt table system, 111-112, 111t
weighted dumbbell training, 113t
Fat-free mass, 80-81
Fatigue, clinical evidence, 68-69
Feet positioning, 115, 116f
Galileo, 7
Female gymnast studies
explosive strength, 147-148, 150t, 151
flexibility, 147-148, 148t, 149t, 151
Femoral neck, 56
bone mineral density, 81
Femur, cross-sectional area, 84t
FES (Falls efficacy scale), 77
Fibronectin, 29f
Flexibility, 143-152
clinical studies, 143-144
female gymnast studies, 147-148,
148t, 149t, 151
Fluid shear stress, 35
Foot pronation, 5
Force
maximal, 81-82
clinical studies, 143-144
velocity relation, knee extensor
muscles, 80-81

Index

Force (F) training, 100-101
lower back pain, 102t
Forefoot weight transference, 117-118
Frequency
definition, 5
Galileo, 7
preparation for therapy, 94
range used, 25
variation, clinical evidence, 67-68
variation in, 67-68
Frozen shoulder, weighted dumbbell
training, 114
FSP (fundamental starting position), 94
Fuller, Richard Buckminister, 30
Functional capacity, elderly population,
86-87, 87f
Functional movement capacity, elderly
population, 26
Functional Reach Test, 74t
Fundamental starting position (FSP), 94

G

Galileo, 6-8
amplitude, 7
clinical evidence, 69
foot positioning, 7
frequency, 7
side-alternating vibration training, 7
‘stretch-reflexes,” 7
Galileo Delta Tilt Table, 8
Galileo TOP Dumbbell, 7-8
Galileo Up-X Dumbbell, 7-8
Gastrocnemius muscle, stretching
exercises, 153f
General health, 45, 97t
Get up and go (GUG) test, 45, 76-77
multiple sclerosis, 76
Glycogen synthase kinase (GSK-3beta),
52
Golfer’s elbow, weighted dumbbell
training, 115
Golgi tendon organs (GTOs), 144
Greece, ancient, 1
Growth hormone, 70
GTOs (Golgi tendon organs), 144
GUG test see Get up and go (GUG) test
Gymnasts
female see Female gymnast studies
male, range of motion, 143
stretching, 86
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H

Hamstring muscles
range of motion, 144-145
stretching exercises, 153f
Heat shock protein(s) (HSPs), 51
osteoporosis/osteopenia, 34
sarcopenia, 34
Heat shock protein 27 (HSP27), 32,
53
Heat shock protein 70 (HSP70), 53
Heel weight transference, 118-120
Hill model of viscoelasticity, 23, 23f
Hip, in locomotion, 17
History, 24
bilateral biceps curl, 3, 4f
side-alternating vibration platform,
34
weight training combination, 3, 3f
Hooke’s law, 18-19
elastic potential energy, 22-23
Hormones
muscle function, 70-71
see also specific hormones
HSPs see Heat shock protein(s) (HSPs)
Hypoglycaemia, as side effect, 98

IGF-1 (insulin-like growth factor), 51-52,
71
IL-6 (interleukin-6), 48
Immune function
exercise, 50-51, 52
sarcopenia, 45-54
see also specific components
Impaired force generation, plyometric
exercise, 27
Incontinence therapy, 108-110
additional therapies, 108
pelvic floor training, 109, 109t, 110t
Indications, 65
Insulin-like growth factor (IGF-1), 51-52,
71
Integrins, 29f, 54f
Interleukin-6 (IL-6), 48
Intracellular cytoskeleton, tensegrity,
31-32
Inverse dynamics, 25-26, 26f
In vitro space flight simulations, 53

Isometric exercises, 48, 82-83
Isometric strength, 79-80
Itchiness, as side effect, 98

K

Kellog, ] H, 2
Knee
extensor muscles, force-velocity
relation, 80-81
flexion, 5
in locomotion, 17

L

LBP see Low back pain (LBP)
Lean muscle mass, 48
Leg muscles
extensor strength, 81
soft tissue resonance, 151
Length, 18
Local blood flow, hamstring musculature
range of motion, 145
Long-tem (chronic) effects, 77-87
outcome measures, 79-81
Low back pain (LBP), 72-73, 101-103
force training, 102t
post-training relaxation, 103t
power training, 102t
stretching exercises, 102t
Low-frequency vibration, relaxation, 18

Magnitude, definition, 5

Male gymnasts, range of motion, 143

MAP (mitogen-activated protein) kinase
pathway, 32

Matrix metalloproteinases (MMPs), 30

Maximal force see Force

Maximal voluntary contraction, 81-82

Mechanochemical transduction,
tensegrity, 32f

Medial gastrocnemius muscle,
electromyography, 21f

Megakaryocyte, 55f

Merosin, 29f

Mitogen-activated protein (MAP) kinase
pathway, 32



MMPs (matrix metalloproteinases),
30
Momentum, conservation of, 24-25
Motor control, 16-18, 82-87
tilt table system, 112t
Motor learning theories, 36-37
MRF (muscle regulatory factor), 52
Multiple sclerosis, 76
get up and go test, 76
Muscle regulatory factor (MRF), 52
Muscles
abdomen, strength exercises, 137f,
138f
activity tuning, 5
cross-sectional area, 84t
elevated activity, resonance, 19-20
function, 43, 45
clinical evidence, 69
hormones, 70-71
gastrocnemius, stretching exercises,
153f
hamstring see Hamstring muscles
hypertrophy, 82-87
leg see Leg muscles
medial gastrocnemius muscle,
electromyography, 21f
preservation, 49, 49f, 50f, 51f
proteolysis, 48
psoas, 84t
quadratus lumborum, 84t
quadriceps femoris
cross-sectional area, 84t
stretching exercises, 152f
rectus femoris, 27
soleus, 153f
splinting, spine, 85-86
stability, tilt table system, 112t
strength, leg extensor, 81
tone, resonance, 19
triceps, strength exercises, 133f,
134f
triceps surae, electromyography,
21f
vibrational effects, 14
Myosin, 29f

N

Nasarov, Vladimir, 2-3
‘Naturalness,” 5

Index

Nausea, side effects, 98
NBS (NEMES Bosco System), 8-9
hamstring musculature range of
motion, 144

Nebulin, 29f

Neck, weighted dumbbell training, 114

NEMES (Neuro Mechanical Stimulation),
8-9

Neurological conditions, 18

Nitrous oxide synthase (NOS), 49, 50f,
51f

(o)

Obesity, 58-59
animal studies, 59
Old age see Elderly population
One leg squatting, 131-132
One leg standing, 127-128
90° on side altering device, 128
Osteoblasts, 55f
Osteoclasts, 55f
Osteocytes, 55f
apoptosis, 35
Osteopenia see Osteoporosis/osteopenia
Osteoporosis/osteopenia, 54-57, 103-105,
104t
cool down, 104t
heat shock proteins, 34
Outcome measures
acute effects, 76-77
balance, 68
clinical evidence, 67
counter-movement jump, 67
long-tem (chronic) effects, 79-81
progression, 79-81
running speed, 68
vertical jump, 67
Oxidative stress, 53
Oxygen consumption, 59

P

Pain, 45
reduction in, 82, 83, 85
Paraspinous musculature, cross-sectional
area, 84t
Parkinson’s disease, 73, 73f
Partial loading, tilt table system, 112t
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Patient guidance, 95-98
client aims, 96
instructions, 96-97
preparation for therapy, 95
safety checks, 96
therapist observations, 96
warm-up exercises, 95
Patient instructions, 96-97
Patient reactions, preparation for
therapy, 95
Pelvic floor training, 85
incontinence therapy, 109, 109t, 110t
Pelvic tilting, 123-124, 124f
Physical activity, 45
assessment forms, 98t
Piezoelectric-crystal vibration, tensegrity
vs., 35
Plyometric exercise, 26-30, 29f
eccentric components, 27
impaired force generation, 27
rectus femoris, 27
vastus medialis, 27
Pneu Vibe, 9-10
Pneu Vibe Club, 9-10
Pneu Vibe Med, 9-10
Post-training relaxation, lower back pain,
103t
Posture
changes in, 85-86
preparation for therapy, 98-99
Power Plate, 9
Power (P) training, 101
likelihood of falling, 107
lower back pain, 102t
Preparation for therapy, 93-99
assessment forms, 97-98, 97t, 98t
client report/feedback, 95
frequency choice, 94
fundamental starting position, 94
patient guidance, 95
patient reaction, 95
posture, 98-99
Progression, outcome measures, 79-81
Progressive resistance training (PRT),
53
Proopioception, 82-87
Proprioception, 72-73
Proprioceptive joint mechanoreceptors,
14f
Protocol variability, clinical evidence, 66
Psoas muscle, cross-sectional area, 84t

Push ups, strength exercises, 135f, 136f,
137f

Q

Quadratus lumborum, cross-sectional
area, 84t
Quadriceps femoris
cross-sectional area, 84t
stretching exercises, 152f

R

Range of motion (ROM)
hamstring musculature, 144-145
male gymnasts, 143
Rational kinetic energy, 24
Reactive oxygen species (ROS), 53
Rectus femoris, plyometric exercise, 27
Relaxation
frequency, 77
low-frequency vibration, 18
Resonance, 19-20, 21f
body positioning, 19
elevated muscle activity, 19-20
muscle tone, 19
Romberg Test, 74t
ROS (reactive oxygen species), 53
Running speed, as outcome measure, 68

S

Safety checks, patient guidance, 96
Sarcolemma, 29f
Sarcopenia, 44-54

basal metabolic rate, 45

definition, 44

health consequences, 44-45

heat shock proteins, 34

immune function, 45-54
Sharpened Romberg Test, 74t
SHM see Simple harmonic motion (SHM)
Shoulder

frozen, 114

stiffness, 114

weighted dumbbell training, 114
Side-alternating vibration platform

Galileo, 7

history, 3-4



Side effects, 98
Simple harmonic motion (SHM), 16
of devices, 15
energy transfer, 16
Six-minute walk test, 74t, 76-77, 193f
Skelemin, 29f
Skiing, downhill, 5
Soft tissue resonance, lower extremity
muscles, 151
Soleus muscle, stretching exercises,
153f
Space flight simulations, in vitro, 53
Spasticity release, tilt table system, 113
Spine, muscle splinting, 85-86
Squatting, 120-121, 120f
with abductor tension, 128-129
with adductor tension, 128-129
deep squats, 129-131
one leg, 131-132
Static stretching, 145, 146f, 147
Stiffness, 18-19
Strength exercises, 133-142
abdominal muscles, 137f, 138f
biceps muscles, 134f
likelihood of falling, 106t
push ups, 135f, 136f, 137f
theraband, 139-142f
triceps muscles, 133f, 134f
upper body, 137-138
upper limb, 133-137
weighted dumbbell training, 114t
whole arm muscles, 134f
Stretching (S) exercises, 100, 152-153
gastrocnemius muscle, 153f
hamstring muscles, 153f
likelihood of falling, 106t
lower back pain, 102t
quadriceps muscle, 152f
soleus muscle, 153f
Stretching, static, 145, 146f, 147
‘Stretch-reflexes,” Galileo, 7
Stroke, 76
balance, 76
Swelling, 71

T

Talin, 27, 29f, 54f
Taylor, G, 2
Tendons, elastic linearity, 35

Index

Tennis elbow, weighted dumbbell
training, 115
Tensegrity, 30-36
apoptosis, 32
cell distortion, 32, 33f, 34-35, 34f
computational model, 31, 31f
discontinuous compression, 30
intracellular cytoskeleton, 31-32
mechanochemical transduction, 32f
piezoelectric-crystal vibration vs.,
35
tendon element elastic linearity, 35
Tesla, Nikola, 19
Testosterone, 70, 71
Theraband, strength exercises, 139-142f
Therapist observations, patient guidance,
96
36-item short-form health survey, 75t
Tilt table system, 110-113
balance training, 112t
coordination, 112t
familiarization, 111-112, 111t
motor control, 112t
muscle stability, 112t
partial loading, 112t
spasticity release, 113
Timed ‘up &go’ test, 74t
Tinetti Balance Assessment Toll, 76-77,
188f
Tissue homeostasis, 5
Titin, 29f
Tonic vibration reflex (TVR), 9
hamstring musculature range of
motion, 145
Torque, generation of, 24-25
Torso
bending/extending, 121-123, 122f
upright positioning, 99
Training regimes, 43
Triceps muscles, strength exercises, 133f,
134f
Triceps surae, electromyography, 21f
Troponin C, 27
Troponin-tropomyosin, 27
Trunk
bending, 125-127, 125f
horizontal, 132-133
rotation, 125-127, 126f
Tumour necrosis factor-o. (TNF-av),
52
TVR see Tonic vibration reflex (TVR)
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U

Unified Parkinson’s Disease Rating Scale
(UPDRS), 73, 73f, 75t

Unilateral biceps curl, 70

UPDRS (Unified Parkinson’s Disease
Rating Scale), 73, 73f, 75t

Upper body, strength exercises, 137-138

Upper limb see Arms

Upright positioning, torso, 99

Vv

Vascular endothelial growth factor
(VEGF), 53

Vastus medialis, plyometric exercise, 27

VEGEF (vascular endothelial growth
factor), 53

Velocity, simple harmonic motion, 18

Vertical jump, as outcome measure, 67

VibraFlex, 8

Vinculin, 27, 29f, 53-54, 54f

Viscoelasticity, Hill model, 23, 23f

w

Walking
as inverted pendulum, 15-16
quality of, 45

Warm-up exercises, 143-154
patient guidance, 95
Weighted dumbbell training, 113-115
arm/shoulder/neck, 114
familiarization, 113t
frozen shoulder, 114
golfer’s elbow, 115
shoulder stiffness, 114
strength training, 114t
tennis elbow, 115
Weight training combination, history, 3,
3f
Whole arm muscles, strength exercises,
134f

Y

Young’s modulus of elasticity, 18-19

Z

Zander, G, 2
Z-disk, 29f
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