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Summary

Background: Vibration therapy (VT) has been pro-
posed as an option to improve physical perfor-
mance and reduce the negative effects of ageing
on bone, muscles and tendons. Several discrep-
ancies exist on the type of applications, frequen-
cy and magnitude. These differences reflex on the
contradictory clinical results in literature. Aim of
the present study is to carry on an exhaustive re-
view to focus on technical options on the market,
clinical applications in orthopaedic practice and
expected outcomes.

Methods: a literature review using the key words
“vibration therapy” and “whole-body vibration”
and “orthopaedics” was performed. After check-
ing the available abstracts 71 full text articles
were evaluated.

Results: fifty-one articles focused on the effects of
VT on muscles and tendons reporting ways of ac-
tion and clinical outcomes. In a similar way 20 stud-
ies focused on the influence of VT on bone tissue
with regard on ways of action and clinical trials.
Conclusions: VT provides anabolic mechanical
signals to bone and musculo-tendinous system.
The best effects seem to be achieved with de-
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vices that deliver low-intensity stimuli at high fre-
quencies providing linear horizontal displace-
ment.

KEY WORDS: aged, athletes, electric stimulation thera-
py, osteoporosis, physical therapy modalities, rehabili-
tation.

Introduction

Disuse and aging are responsible for bone density
decrease, loss of skeletal strength and muscle dys-
function. These effects may have severe impact on
quality of life and social costs. In an opposite way it
has been proven that bone and muscle tissues are
influenced and respond to local dynamic loading?.
This effect can be used to compensate the atrophy
induced by disuse and aging or to improve bone and
muscular function. The human body is daily exposed
to relatively few low-frequency (1-3Hz), large-magni-
tude (2000-3000 microstrain) events but is subject to
several high-frequency (10-50 Hz), low-magnitude
signals (postural muscle contractions)2. Vibration
therapy (VT) consisting of low-magnitude high-inten-
sity (LIV) stimuli represents a good way to safely de-
liver relevant mechanical signals to patients who
cannot exercise to build musculoskeletal strength3.
Two wide categories of vibrating devices are actually
available on the market: the so-called whole-body vi-
bration (WBV) devices and vibration devices locally
applied on a single muscle. Both are based on a me-
chanical stimulation characterized by frequency (in
Hz) and amplitude of the oscillation induced (peak to
peak displacement in mm) but they widely differ in
terms of clinical applications. WBV applications have
a vibration frequency in the range 20-50 Hz whereas
local application to specific muscular district toler-
ates a much higher frequency range (around 300-
500 Hz)*. Since the vibration can be applied with a
wide spectrum of frequencies and settings® different
effects on healthy and pathologic tissues are possi-
ble. Most common applications are: pain control67,
improvement of muscle force and flexibility8, reduc-
tion of fatigue onset and accelerate rehabilitation®-11
and increase bone density'2. However only a few
studies described specific vibrational training proto-
cols, and this lack of information generates uncer-
tainties regarding the most effective vibration intensi-
ties, frequencies, and application protocols. This re-
flects the wide controversy regarding expected out-
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comes. Aim of the present review is to analyze the
available literature concerning vibration therapy with
particular emphasis for its ways of action and clinical
applications.

Materials and methods

A comprehensive literature review using the key-
words “vibration therapy” and “whole-body vibration”
and “orthopaedics” with no limit regarding the year of
publication was performed. The following databases
were accessed on 10 August 2015 PubMed (http://
www.ncbi.nlm.nih.gov/sites/entrez/); Ovid (http://www.
ovid.com); Cochrane Reviews (http://www.cochrane.
org/reviews/), Google Scholar. 109 publications were
identified. All the abstracts were reviewed by a single
Author (SC). The full text papers were then selected
or excluded according to the abstract text, excluding
the article if an abstract was not available and the
language was not English. In addition, the reference
lists of the studies included were searched by hand to
include articles not identified through the databases
(n.56). At the end 71 articles were evaluated.

In accordance with international standards and as re-
quired by this Journal, Authors declare that the study
meets the ethical standards of this Journal'3.

Results

Fifty-one articles focused on the effects of VT on mus-
cles and tendons. Ways of action were thoroughly an-
alyzed and explained in 16 studies while the out-
comes of clinical trials were reported in 33 studies.
They included results on healthy active subjects in 21
cases, elderly patients in 13 and children in 1. Twenty
articles focused on the influence of VT on bone tissue
with regard on ways of action and clinical trials. Seven
studies investigated the possible mechanisms of ac-
tion on bone metabolism; 11 reported the effects of
VT in postmenopausal subjects, whereas 2 articles fo-
cused on the effects in disabled osteopenic children.

Discussion
Muscle function

The applications of WBV on muscle mass and func-
tion in trained athletes have been widely investigated
in the past years'15 whereas the effects of local vi-
brations have received less attention. Vibrational
stimuli (VS) have an important impact on muscle
function both in young subjects and elderly patients.

Ways of action

VS can induce non-voluntary muscular contraction
through the phenomenon of tonic vibration reflex
(TVR)'6. This is caused by the activation of the pro-
prioceptive sensory system, which is based on the
excitation of la afferent signals from the neuromuscu-
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lar spindle (which respond to variations in length).
These signals activate the a-motoneurons leading to
recruitment of previously inactive muscle fibers'?. Ad-
ditionally VS, may also affect Golgi tendinous organs
(GTO), which are sensitive to variation in tension?8.
Finally VS may inhibit the agonist-antagonist co-acti-
vation mediated by la-inhibitory neurons'®. The final
outcome is an increase in the contractive force of
stimulated?® and adjacent synergistic muscles?'.
Apart from the direct effect on muscle activation, VS
seems to induce a stimulation of spinal and supra-
spinal functions, leading to better nervous control of
muscular fiber recruitment?2. This aspect has been
confirmed by lodice et al., who highlighted the role of
sensory nervous system activation23. Local effects of
VS such as muscle mass increase?*, or mechanical
effects on muscle cross-bridges?® are transitory and
limited. Whereas according to the evidence of posi-
tive effects of proprioceptive training on muscle
strength and function?® 27, the main effect of VS
could be related to a better central processing mech-
anism of afferent signals.

In addition it has been demonstrated that vibration
enhances expression of anabolic genes in tendons 28.
Finally, part of the effect exerted by WBV on muscles
and tendons could be related to variations in the en-
docrine system function. At this level it has been
demonstrated an increase in the serum concentra-
tions of growth hormone (GH) and testosterone, and
a decrease in cortisol after WBV applications5:20:23,
Variations in GH levels could be the consequence of
increased gravitational loads produced by the vibrat-
ing platform®.

Clinical applications: muscle training

Although it has been clearly demonstrated an effect
of VS on muscle function, this widely changes ac-
cording to the duration and intensity of application
(Tab. 1). The effects of an acute application such as
a single WBYV session, include an increase in maxi-
mal muscle force, power output, and jump perfor-
mance20:29-31 Conversely Rittweger et al. found a de-
crease in jump performance32 and De Ruiter et al. re-
ported a decline of 7% in the maximal isometric vol-
untary contraction (MVC) of the knee extensor mus-
cles 90s after a single WBV training session33.
Continuous application of WBV may indeed have
negative effects rather than positive. Prolonged expo-
sure seems to reduce muscle force and increase fa-
tigue onset”3435 De Ruiter et al. reported the effects
of 30 Hz WBYV over a period of 11 weeks in young
subjects stating that neither the strength nor the con-
tractile properties of the knee extensor muscle im-
proved33. Jackson et al. showed that prolonged expo-
sition (30 min at 30 Hz) significantly attenuated mus-
cle strength and EMG activity36. Conversely, some
Authors reported positive effects?3 37, lodice et al. re-
ported that local application of high-frequency VS re-
sulted in significant improvement of muscle perfor-
mance after several weeks, however some hormonal
variations and minor performance improvements
were found after a single session23.
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Table 1. Clinical applications of WBV: muscle training.

Author n. of Type of Duration Control Outcome
patients vibration group
Bongiovanni 19907 25 150 Hz 2 min no Depression of EMG activity
Bosco 1999%° 12 30 Hz 5X1min n.12 control  Increased neural activity
group and muscle power
Issurin 1999%° 28 44 Hz 6-7 sec no No increase in maximal and
mean power
Bosco 2000%° 14 26 Hz 10X1 min no Increased of T and GH,
Decreased C
Rittweger 2000°% 37 26Hz no Elicits a mild cardiovascular
exertion
Torvinen 2002% 16 15-30 Hz 4 min no Transiently improves
muscle performance
Jackson 2003% 10 30-120 Hz 30 min no Reduction in maximal force
De Ruiter 2003% 12 30 Hz 5X1 sec no No improvement in muscle
activation
Mottram 2006%* n.25 100 Hz 5 see n.25 Reduced time to failure of a
suprathreshold subthreshold  sustained contraction
n.25 control
group
lodice 20112® 18 300 Hz 30 min n.18 Improved neuromuscular
resistance performance
program
C: cortisol

T: testosteron
G: growth hormone

Clinical applications: muscle soreness

Delayed-onset muscle soreness has been defined as
disabling pain occurring 24-72 hours after unaccus-
tomed or unfamiliar exercise. Several pathogenic the-
ories have been proposed including connective tissue
damage theory, muscle damage theory, inflammation
theory and enzyme efflux theory. Some studies have
investigated the role of WBV in the control of muscle
soreness after physical activity (Tab. 2). In the majori-
ty of the cases WBYV resulted in decreased DOMS
and tightness and increased flexibility and muscle
power when compared to control treatment38-43, Man-
immanakorn et al. in a randomized study reported
that WBV increased muscle oxygenation*4. Wheeler
et al. found no differences in terms of DOMS, muscle
flexibility, or explosive power when WBV was com-
pared to light exercise program#5. In addition VS has
proven to be effective on hamstring thightness as
demonstrated in a recent review by Houston et al.8.

Clinical applications: elderly patients

The normal senescence process affects the whole
body with decrease of muscular performance, balanc-
ing ability and coordination and reduction of bone
density. This process involves muscle composition
and function, starting from the age of 30-40, with an
increased loss after the age of 75. The isometric vol-
untary contraction decreases by 25% at age 65, and
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by 35% at the age of 70 years?*é. The sarcopenia has
critical impact on the quality of life since it is cause of
disability and weakness?#’, with unstable balance, in-
ability to ascend and descend stairs, or take the
shopping bags home, all contributing to impairment of
quality of life. Several methods have been proposed
to attenuate this physiologic process including WBV
(Tab. 3). Resistance training is an effective method to
reduce the effects of sarcopenia. The effects of train-
ing programs on elderly subjects are comparable to
those obtained in healthy adults. Frontera et al.
showed an increase of the muscle mass and strength
after 12 weeks of high intensity resistance training*e,
with similar effects on elderly women. In a similar
way, Pietrangelo et al. found increased muscle force,
without signs of hypertrophy, in elderly subjects treat-
ed with HLV for 12 weeks*. Similar effects on muscu-
lar contractile properties in elderly have been widely
reported in several clinical studies*®-5'. Other studies
support that WBV has the potential to enhance the ef-
fects of physiscal training. Four months of high-inten-
sity vibration (30-50 Hz, 2-2.8 g) combined with resis-
tance exercises in postmenopausal women enhanced
muscular strength compared with resistance training
alone at multiple sites%2. In a similar way Bogaerts et
al. compared the outcomes of WBV in a group of el-
derly patients to those of fitness training and sham
therapy®%3. WBV training resulted in an increase iso-
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Table 2. Clinical applications of WBV: musclesoreness.

Author n. of Type of Duration Control group Outcome
patients vibration
Rhea 2009% 8 35 + 50 Hz 1min X2 n.8 control Reduced
group musclesoreness
and tightness
Broadbent 2010 ' 15 40 Hz 1min X3 n.14 Control Reduced
group musclesoreness
and IL6 levels
Lau 201140 15 65 Hz 30 min n.15 control Decreased
group soreness
Aminian-Far 2011% 15 35 Hz 60 sec n.17 control Reduced DOMS
group via muscle
function
improvement
Mohammadi 201242 15 50 Hz 1 min n.15 control Prevention of
group musclesoreness
Wheeler 20134 10 30 Hz 10 min n. 10 control No differences in
group DOMS, flexibility,
or explosive
power
Koh 2013% 20 20 Hz 10 min n.20 Decreased
ultrasound soreness
group
n.20 control
group
Manimmanakorn 20154 8 30-40 Hz 10 min n.8 active increased
recovery muscle
oxygenation and
blood flow

metric and explosive knee extension strength pre-
venting the age-related loss in skeletal muscle mass.
These effects on muscular performance have a dra-
matic influence on patient mobility and balancing abil-
ity. Bautmans et al. in a randomized controlled trial
(RCT) on institutionalized elderly found that 6-week
static WBV exercise was beneficial for mobility54.
Cheung et al. reported WBV to be effective in improv-
ing the balancing ability in elderly women. In addition
he found that a simple WBV treatment protocol of 3
minutes a day was effective to maintain balancing
ability and reduce the risk of falls5. Wang et al.
demonstrated that a 3-month program combining
WBV and quadriceps strengthening exercise im-
proved symptoms, physical function and spatiotem-
poral parameters in patients with medial compartment
knee osteoarthritis6. Similar outcomes were reported
by Rabini et al. who randomized 50 patients with
knee osteoarthritis showing improvement in all func-
tional parameters at 6 months FU57. Opposite results
were reported by Segal et al. who investigated the ef-
fects of WBV platforms in a group of asymptomatic
middle-aged women with risk factors for knee OAS8,
In this population, the addition of vibration to a 12-
week exercise program did not result in significantly
greater improvement in lower limb strength or power
than did participation in the exercise program without
vibration.
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Clinical applications: children

Semler et al. evaluated the effects of high-intensity vi-
bration (15-20 Hz, 1- 2 mm amplitude, ~12 g) com-
bined with tilt-table exercise in a group of 8 children
with osteogenesis imperfecta. After 6 months protocol
significant improvements in muscle and ground reac-
tion forces were observed®.

Bone metabolism

Osteoporosis is a disease of the skeletal system
characterized by low bone mass and deterioration of
bone tissue®0. Osteoporosis affects 2% of men and
10% of women over the age of 50 in the U.S.8". WBV
in this field was initially proposed to reduce bone den-
sity loss of astronauts in space®2.

Ways of action

Several studies show that VS therapy improves bone
circulation, increasing the supply of nutrients needed
to build bones3'63. Vibration promotes osteogenic dif-
ferentiation®4, cell communication®®, while reduces
osteoclast formation®® and expression of osteoclast-
forming RANKL in osteocytes®’, which is increased
during unloading®8.

Clinical applications: bone metabolism

A direct positive effect of WBV on calcium metabo-
lism and bone mineral density (BMD) has been clear-
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Table 3. Clinical applications of WBV: elderly patients.

Author n. of Type of Duration Control group Outcome
patients vibration
Roelants 2004 89 Vibration 24 weeks n.30 resistance- Increased knee-extension
platform training group strength and speed of
n.29 control movement
group
Verschueren 2004%’ 25 35-40 Hz 24 weeks n.22 resistance- Increased isometric and
training group dynamic muscle strength
n.23 control
group
Bautmans 2005% 14 30-50 Hz 6 weeks n.11 Control Increased leg extension
group Increased lower body
flexibility
Roelants 2006°° 15 35 Hz Single No Increased activation of leg
session muscles
Bogaerts 2007 31 40-40 HZ 44 weeks n.30 Fitness Increased isometric muscle
group strength and muscle mass
n.36 Control
group
Cheung 2007% 45 20 Hz 12 weeks n.24 Control Increased stability,
group movement velocity,
maximum point excursion,
directional control
Pietrangelo 2009* 9 300 Hz 12 weeks No Increased maximal
isometric strength
No increase in muscle size
Changes in gene
exoression
Bemben 2010% 21 30-40 Hz 32 weeks n.22 resistance- Increate muscular strength
training group Increased Hip adduction
n.12 control and abduction
group
Bellomo 20134 10 300 H 12 weeks n.10 Global Increased muscle strength
z Sensorimotor
Training
n.10 Resistance
training
n.10 Control
group
Segal 2013°%® 26 35 Hz 12 weeks n.13 Exercise No significant improvement
program in lower limb strength or
power
Wang 2015°% 19 30Hz 16 weeks n.19 quadriceps Improvement in physical
strengthening function and spatio-
exercise temporal parameters
Rabini 2015°7 25 100 Hz 24 weeks n. 25 control Increased stability and
group balance

ly demonstrated (Tab. 4). Rubin et al. carried on a
RCT comparing the effects of low intensity vibration
(LIV) (10 minutes twice a day) with those of an inac-
tive placebo plate in a group of postmenopausal
women®9, A decrease of 2% BMD was observed in
the control group, whereas a 2.17% relative BMD in-
crease was reported in the study group. Similar posi-
tive outcomes were reported with quantitative com-
puted tomography”®. An increase of 2% of trabecular
and cortical bone was observed in those patients who
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received LIV compared with the inactive group. The
major bias of the available literature on this specific
issue is the low methodological quality and design of
the studies. Most of them lack of control groups and
widely differ in terms of intensity and duration of ex-
position to WBV. The effects of high-intensity vibra-
tion (30 Hz) for 10 min 5 days a week were investi-
gated in a non-randomized controlled study on 116
postmenopausal women with osteoporosis’!. An in-
crease of lumbar and femoral neck BMD by 4.3 and
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Table 4. Clinical applications of WBV: bone metabolism.

Author n. of Type of Duration Control Outcome
patients vibration group
Rubin 2004°%° 35 30 Hz vertical 52 weeks n.35 placebo 2.7% increase
vibration of BMD
Ward 2004% 10 90 Hz 24 weeks n.10 placebo 6.3% increase
of BMD
Gilsanz 2006 24 30 Hz 24 weeks n. 24 placebo 2.1 and 3.4%
increase in
lumbar and
femoral BMD
Ruan 20087 66 30Hz 24 weeks n.50 placebo 3.2and 4.3%
increase in
femoral neck
and lumbar
BMD
Slatkovska 20117 67+68 30 Hz 52 weeks n. 67 placebo No increase in
90 Hz BMD
Von Stengel 2011 7® 46 25-35 Hz 80 weeks n.47 training No difference in
group BMD
Reduced n. of
n. 48 placebo falls
Von Stengel 2011 ¢ 108 rotational 12.5Hz 52 weeks control group Increased
vibration and rotational lumbar (0.5%)
vertical vibration hip (0.3%) BMD
vibration and leg
35 Hz vertical strength
vibration
Zha 201277 34 45-55 Hz 24 weeks n.33 placebo Increase in
vertical BMD
vibration (especially in
patients with
osteoporosis)
Lai 2013™ 14 30Hz 24 weeks n.14 placebo 2% increase in
lumbar BMD
Lam 201378 61 32-37 Hz 52 weeks n.63 placebo increase in
femoral neck
and lumbar
BMD
Gomez Cabello 2014™ 24 35 Hz 11 weeks n.25 placebo No changes in

DXA

3.2% was observed. In a similar study, the application
of 30 Hz for 10 min thrice weekly, showed an in-
crease of 2% of lumbar spine BMD at 6 months,
whereas control subjects experienced BMD reduc-
tion72. Different results were observed in a random-
ized trial on 202 osteopenic postmenopausal wo-
men73. All patients received daily application of LIV
(20 minutes) for 1 year, although in one group the in-
tensity was 37 Hz and in the other it was 90 Hz No
significant differences were found in the tibial trabec-
ular BMD or femoral neck, total hip, or lumbar spine
BMD. The major bias of this study was the low-com-
pliance rate in the two groups (65-79%).

Several studies evaluated the effects of WBV in com-
bination with dynamic exercise with contradictory re-
sults. Gomez-Cabello et al. in a randomized trial on
49 elderly subjects (either males or females) com-
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pared the outcomes of combined WBV (35Hz, ~16Q)
and trained squat three times a week for 11 weeks to
a control group receiving no vibration or exercise pro-
gram?4. No changes in dual-energy X-ray absorptiom-
etry scan measures were found. Von Stengel et al.
carried on a 18-month randomized trial on 151 post-
menopausal women study comparing the outcomes
of conventional training program with conventional
training program associated with WBV and with well-
ness control group”®. Vibration therapy combined with
low-impact activity enhanced the effect of training
alone in increasing lumbar BMD. In addition subjects
in the vibration group had decreased falls (probably
as a consequence of better neuromuscular control).
The same Authors compared the effects of rotational
vibration training (RVT) (three sessions per week, for
15 min) associated with dynamic squat exercises,
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vertical vibration training (VVT) and a wellness con-
trol group (CG)76. One hundred-eight postmeno-
pausal women were reviewed after 12 months. In-
crease in lumbar spine BMD and maximum leg
strength was observed in both vibration VT groups
compared to CG. Another study investigated the ef-
fects of a 6-month protocol consisting of WBV (44-55
Hz, 0.5 g) and alternative tilting performed three
times per week’’. Significantly BMD increases were
reported in the study group that were higher in
women compared with men, and in participants with
osteoporosis, compared with those without low bone
density.

In a similar way the effects of LIV on BMD have been
studied in children with immobility-associated disabili-
ty. Twenty disabled ambulant children were random-
ized to receive either LIV (90 Hz, 0.3 g, 10 min/day, 5
days per week) or placebo®3. At 6 months subjects in
the study group showed 6.3% increase in BMD,
whereas those in the control group had a decrease of
12%. As reported in other studies the compliance rate
was low (44%). The influence of WBV on BMD was
assessed in 149 osteopenic children with idiopathic
scoliosis’8. Subjects in the study group had low-mag-
nitude, high-frequency WBV (32-37 Hz, 0.3 g) for 20
min/day, 5 days weekly for 12 months. The treatment
group showed significant increases in femoral neck
BMD and an increase in lumbar spine bone com-
pared with controls. These studies suggest that vibra-
tion has greater anabolic potential in the growing sub-
jects probably influencing the activity of a more ro-
bust mesenchimal stem cells (MSC) pool.

Technical considerations

Although most of the studies show positive effects of
vibration therapy on muscle function, physical perfor-
mance, patient mobility and balancing and bone den-
sity, some series report contradictory outcomes.
These wide differences may be the consequence of
multiple devices used in clinical trials. These devices
have different directionality (horizontal displacement,
side-to-side or vertical), amplitudes (displacements
resulting in gravitational force from less than 1 to
greater than 15 g), and frequency (5-90 Hz)7°. Some
evidence suggests that muscle tension increases lin-
early with vibration frequency'” and a 30-50 Hz fre-
quency is appropriate8%. On the contrary, there is no
evidence that high-intensity vibration performs better
than low-intensity vibration, and may lead to adverse
effects. On the contrary in some cases, high-intensity
vibration was responsible for muscle damage, back
and joint pain8'. The effects of frequency and intensi-
ty of the vibration are more important for local VS,
than for WBV where the additional the changes in
gravitational load play an additional role®. When se-
lecting a treatment regimen, it is recommended to
use devices that clearly report the vibration parame-
ters and that deliver low-intensity (<1 g), horizontal
displacements at high frequencies (30-100 Hz)'2.
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Conclusion

Vibration therapy provides anabolic mechanical sig-
nals to bone and musculo-tendinous system. They
mimic motion and exercise positively influencing mus-
cle function and coordination. The influence on bone
metabolism is achieved through mechanical regula-
tion of mesenchymal stem cells, which provide prog-
enitors for bone growth. Although no universal con-
sensus exists on the ideal protocol to adopt, deliver-
ing low-magnitude high-intensity mechanical signals
mimic the physiologic stimuli the human body has to
deal with in daily life. This would ensure safe effects
comparable to mild exercise programs.
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