
Effects of Whole-Body Vibration on
Sensorimotor Performance in People
With Parkinson Disease:
A Systematic Review
Ricky W.K. Lau, Tilda Teo, Felix Yu, Raymond C.K. Chung, Marco Y.C. Pang

Background. Earlier studies show that whole-body vibration (WBV) has benefi-
cial effects on neuromuscular performance in older adults and may be a viable
treatment option for people with Parkinson disease (PD).

Purpose. This systematic review was aimed at determining whether WBV
improves sensorimotor performance in people with PD.

Data Sources. The sources used in this review were MEDLINE, the Cumulative
Index to Nursing and Allied Health Literature (CINAHL), the Excerpta Medica data-
base (EMBASE), the Cochrane Database of Systematic Reviews, and the Physiotherapy
Evidence Database (PEDro) (last searched in April 2010).

Study Selection. Randomized and nonrandomized controlled studies examining
the effects of WBV in people with PD were selected. Six studies fulfilled the selection
criteria and were included in this review.

Data Extraction. The PEDro score was used to evaluate methodological quality.
The effects of WBV on various sensorimotor outcomes were noted.

Data Synthesis. Methodological quality was rated as good for 1 study (PEDro
score of 6), fair for 4 studies (PEDro score of 4 or 5), and poor for 1 study (PEDro
score of 2). Two studies showed that, compared with no intervention, WBV treat-
ment led to significant reductions in tremor and rigidity, as measured with the Unified
Parkinson Disease Rating Scale (UPDRS). The findings for other UPDRS cluster scores
were conflicting, however. Two studies showed that longer-term WBV (3–5 weeks)
did not result in better sensorimotor outcomes than conventional exercise training.

Limitations. The studies reviewed here are limited by their methodological weak-
nesses and small, heterogeneous samples.

Conclusions. There is insufficient evidence to prove or refute the effectiveness
of WBV in enhancing sensorimotor performance in people with PD (ie, grade D
recommendations). More good-quality trials are needed to establish the clinical
efficacy of WBV in improving sensorimotor function in people with PD.

R.W.K. Lau, MSc, is a student in
the PhD program, Department of
Rehabilitation Sciences, The Hong
Kong Polytechnic University,
Hong Kong.

T. Teo, MSc, is Physiotherapist,
Inpatient Therapy Services, St.
Andrew’s Community Hospital,
Singapore.

F. Yu, MPT, is Research Assistant,
Department of Rehabilitation Sci-
ences, The Hong Kong Polytech-
nic University.

R.C.K. Chung, PhD, is Scientific
Officer, Department of Rehabilita-
tion Sciences, The Hong Kong
Polytechnic University.

M.Y.C. Pang, PhD, is Associate
Professor, Department of Rehabil-
itation Sciences, The Hong Kong
Polytechnic University, Hung
Hom, Kowloon, Hong Kong.
Address all correspondence to Dr
Pang at: Marco.Pang@inet.polyu.
edu.hk.

[Lau RWK, Teo T, Yu F, et al.
Effects of whole-body vibration on
sensorimotor performance in peo-
ple with Parkinson disease: a sys-
tematic review. Phys Ther. 2011;
91:198–209.]

© 2011 American Physical Therapy
Association

Research Report

Post a Rapid Response to
this article at:
ptjournal.apta.org

198 f Physical Therapy Volume 91 Number 2 February 2011



People with Parkinson disease
(PD) typically have varying
degrees of muscular weakness,

mobility deficits, postural instability,
and other motor impairments (eg,
rigidity, tremors), all of which render
them highly susceptible to falls.1–3

Falls often lead to detrimental conse-
quences, which can be both psycho-
logical (eg, fear of falling)4 and phys-
ical (eg, fragility fractures)5,6 in
nature. Consequently, researchers
have continued to search for inter-
vention strategies that are effective
in modifying fall-related risk factors.

Focal muscle vibration has been used
in neurological rehabilitation for a
long time.7 The vibration signals
activate the sensory receptors (ie,
muscle spindles), thereby inducing
reflex muscle activation (ie, tonic
vibration reflex)8 and potentially
resulting in benefits for muscle
strength (force-generating capacity).
Moreover, the delivery of vibration
signals constitutes a form of sensory
stimulation. The combination of
increased sensory input and muscle
activation may lead to the enhance-
ment of other neuromotor functions,
such as balance and gait. A recent
study showed that a 3-day focal mus-
cle vibration program for the quadri-
ceps muscle can effectively improve
stance control and leg muscle power
(ability to perform work over time)
in older adults.9 It also has been dem-
onstrated that rhythmic vibrations
applied to trunk muscles can
enhance gait speed in patients with
PD.10 These findings suggest the
potential use of vibratory stimulation
in patients with deficits in sensori-
motor function.

During the past decade, whole-body
vibration (WBV) therapy for the
rehabilitation of various conditions
has gained popularity. In WBV, the
vibration signals are delivered via a
vibratory platform or chair to expose
a larger part of the body to the stim-
ulation. In addition to the potential

benefits of WBV for bone health
because of the effect of mechanical
loading,11,12 several studies have
shown that WBV is effective in
improving muscle strength and pos-
tural control in older adults.12–22

Consequently, it is easy to under-
stand why researchers have increas-
ingly focused their attention on
establishing the clinical efficacy of
WBV in patients who have different
chronic conditions (eg, stroke, type
2 diabetes, cerebral palsy),23–30 who
often have deficits in various aspects
of sensorimotor function, and who
are thus highly susceptible to physi-
cal deconditioning and falls.

People with PD may be potential
beneficiaries of WBV in view of the
many neuromotor deficits com-
monly observed in this group. A sys-
tematic review of the literature
examining the effects of such ther-
apy on sensorimotor performance in
people with PD was considered
timely given the recent increased
level of research interest in the
application of WBV in this
population.

Method
Data Sources and Searches
An extensive literature search of
electronic databases, including MED-
LINE (1950–April 27, 2010), the
Cumulative Index to Nursing and
Allied Health Literature (CINAHL)
(1982–April 27, 2010), and the
Excerpta Medica database (EMBASE)
(1980–April 27, 2010), was under-
taken to identify relevant articles. A
combination of the following key
terms was used to perform the liter-
ature search: (1) exp Parkinson Dis-
ease/ or parkinson disease.mp., (2)
parkinsonian disorders.mp. or exp
Parkinsonian Disorders/, (3) parkin-
sonism.mp., (4) parki*.mp., (5)
whole body vibration.mp., (6) exp
Vibration/ or vibration.mp., (7)
vibratory.mp., (8) exp Postural Bal-
ance/ or balance.mp., (9) rehabilita-
tion.mp. or exp Rehabilitation/, and

(10) exp Physical Therapy Modali-
ties/ or physiotherapy.mp. The
Cochrane Database of Systematic
Reviews and the Physiotherapy Evi-
dence Database (PEDro)31 also were
searched (the last search being per-
formed on April 27, 2010) with the
key word “vibration.” The reference
list of each selected article was
examined thoroughly to identify
other potential articles that might
fulfill our criteria. A forward search
with the Science Citation Index was
conducted to identify and examine
all subsequent articles that refer-
enced the selected articles. More-
over, experts in the field were con-
tacted to identify any additional
trials.

Research Question and Study
Selection Criteria
The PICO method32 was used to
define the 4 major components of
the research question: patient (P)—
patients with PD, intervention (I)—
WBV, comparison (C)—conven-
tional therapy or no intervention,
and outcome (O)—sensorimotor
performance. Thus, this systematic
review was aimed at answering the
following question: Does WBV ther-
apy lead to better sensorimotor per-
formance outcomes in people with
PD than conventional therapy or no
intervention?

The eligibility criteria for article
selection were formulated on the
basis of the foregoing study ques-
tion. Studies were required to meet
the following inclusion criteria:
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(1) they had to be randomized or
nonrandomized controlled studies of
the effects of WBV in people with
PD, (2) they had to include a mea-
sure of sensorimotor performance
(eg, leg muscle strength, balance
ability, gait) as 1 of the outcome
measures, and (3) they had to be
English-language publications. The

following types of articles were ex-
cluded: (1) studies reported in
books, because they are considered
a secondary source of information;
(2) theses and dissertations; and (3)
reports published as conference
proceedings, because these may
not have undergone a formal peer-
review process.

Data Extraction and Quality
Assessment
The literature search, data extrac-
tion, and quality assessment proce-
dures were performed by 2 indepen-
dent research personnel who are
both experienced rehabilitation
practitioners and actively involved in
research. The titles and abstracts of
the selected articles generated by the
search strategy described above
were first screened to eliminate irrel-
evant articles. The full text of each of
the remaining articles was then
reviewed to determine eligibility.

The PEDro scale was used to evalu-
ate the scientific rigor of the selected
studies (Tab. 1).33 It consists of 11
items; the first item assesses external
validity (ie, the eligibility criteria are
clearly specified), and the response
is “yes” or “no.” One point is given
for each of the other 10 items eval-
uating external validity. The PEDro
scores range from 0 to 10, with
higher scores representing superior
methodological quality (9 or 10�
excellent, 6–8�good, 4 or 5�fair,
and �4�poor).34 The level of evi-
dence reported in each article was
determined on the basis of the

The Bottom Line

What do we already know about this topic?

There is evidence that whole-body vibration therapy can enhance certain
aspects of neuromotor function, such as sensory input and muscle acti-
vation, in older adults with Parkinson disease.

What new information does this study offer?

This systematic review shows that there is insufficient evidence to prove
or refute the effectiveness of whole-body vibration in improving sensori-
motor function in people with Parkinson disease.

If you’re a patient, what might these findings mean
for you?

Whole-body vibration should be studied more thoroughly before it can be
recommended to treat sensorimotor symptoms in people with Parkinson
disease.

Table 1.
Methodological Quality Determined With the Physiotherapy Evidence Database (PEDro) Scalea

Criterion
Turbanski

et al46

Haas
et al47

Haas
et al48

Ebersbach
et al49

Arias
et al50

King
et al51

Eligibility criteria No No No No Yes No

Random allocation 0 1 0 1 0 1

Concealed allocation 0 0 0 0 0 0

Baseline comparability 0 1 1 1 1 0

Masking of patients 0 0 0 0 1 0

Masking of therapists 0 0 0 0 0 0

Masking of assessors 0 1 0 1 1 0

Adequate follow-up 1 1 1 0 1 1

Intention-to-treat analysis 0 0 0 0 0 0

Between-group comparisons 1 1 1 1 0 1

Point estimates and variability 0 1 1 1 1 1

Total 2 6 4 5 5 4

a Numeric values are scores.
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PEDro scores and guidelines set by
the Centre for Evidence-Based Medi-
cine (level 1b indicated a good-
quality randomized controlled trial,
and level 2b indicated a poor-quality
randomized controlled trial).32 The
opinion of the principal investigator
was sought if the data extracted and
the PEDro ratings given by the 2
independent researchers were
different.

Data Synthesis and Analysis
Kappa statistics were used to assess
agreement between the 2 raters on
article selection and PEDro ratings.
For each selected article, the effects
of WBV on various sensorimotor out-
comes were noted. On the basis of
the overall evidence reported in the
selected articles, grade recommenda-
tions were given for the identified
outcomes (ie, A�consistent level 1
studies, B�consistent level 2 studies
or extrapolations from level 1 stud-
ies, C�level 4 studies or extrapola-
tions from level 2 or 3 studies, and
D�level 5 evidence or troublingly
inconsistent or inconclusive studies
at any level), as described by the
Centre for Evidence-Based Medi-
cine.32 Given the limited number of
studies in which the same outcome
measures were used and the vast dif-
ferences in the WBV protocols
adopted (see the “Results” section),
a meta-analysis was deemed
inappropriate.

Results
The aforementioned search strategy
yielded 6,533 articles (Figure). After
initial screening through reading of
the titles and abstracts, 18 articles
were identified as potentially rele-
vant.10,35–51 After the full text of each
of these articles was read, 12 more
studies were eliminated (Fig-
ure).10,35–45 This process resulted in
a total of 6 studies that fulfilled all of
the selection criteria and thus were
included in the review (Tab. 2).46–51

The level of interrater agreement on
article screening through reading of

the titles and abstracts was good
(kappa�.75), and that of article
selection through reading of the full
text of each of the remaining articles
was excellent (kappa�1.00).

Methodological Quality and
Levels of Evidence
The level of interrater agreement on
PEDro ratings was good (kap-
pa�.76) (Tab. 1). Overall, only 1
study was considered to be a good-
quality trial (PEDro score of 6).47

None of the studies included
intention-to-treat analysis. Masking
of the assessors was implemented in
only 3 studies.47,49,50 Three studies
had small samples (n�21 or n�28)
(Tab. 2).48–50 Therefore, after consid-
eration of the methodological weak-
nesses of the selected studies, only
the study of Haas et al47 was classi-
fied as level 1b; the remaining stud-
ies were classified as level 2b.46,48–51

Characteristics of Study
Populations
People with idiopathic PD were the
target populations in all of the
selected studies (Tab. 2).46–51 The
sample sizes varied from 21 to 68,
and the mean ages ranged from 63.1
to 75.0 years. The Hoehn-Yahr stages
indicated considerable heterogene-
ity in the severity of PD. For exam-
ple, Haas and colleagues47,48 exam-
ined both patients with relatively
mild disabilities (Hoehn-Yahr stage
2) and patients with severe disabili-
ties (Hoehn-Yahr stage 4).

Training Protocol
There were several differences in the
WBV training protocols adopted
across the 6 studies included in the
review (Tab. 3). A vibrating platform
was used to deliver the WBV treat-
ment in all studies except that of
King et al51; they used a physioacous-
tic system consisting of a reclining

Records identified through
database searching=6,533

Additional records identified
through other sources=0

Records after duplicates removed=5,040

Records screened=5,040 Records excluded after reading
abstracts and titles=5,022

Full-text articles assessed for
eligibility=18

Articles included in systematic
review=6

Full-text articles excluded=12
•   Review articles not specific to
     whole-body vibration in
     Parkinson disease=8
•   Treatment was local muscle
     vibration=3
•   Not an intervention study=1

Figure.
Flow diagram of article selection process.
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chair equipped with several speak-
ers and a computer that produced
sound vibrations. When study partic-
ipants sat in the chair, their legs,
lower back, and upper back came
into contact with the surface of the
chair, exposing a large part of the
body to the vibrations.

In 4 studies, the immediate effects of
only a single session of WBV were
specifically assessed.46–48,51 In con-
trast, the experimental group
observed by Ebersbach et al49 under-
went 2 WBV sessions per day, 5 days
per week for 3 weeks, and the out-
comes were measured before and
after the 3-week training period.
Arias et al50 implemented a WBV pro-

gram consisting of 12 sessions
spread over a 5-week period before
carrying out intrasession evaluations
(ie, assessing the effects of a single
session) and end-of-program evalua-
tions (ie, assessing the effects of the
5-week program). With regard to the
parameters of the vibration signals, a
frequency of 6 Hz was used in 4
studies,46–48,50 and 25 Hz was used
in 1 study.49 The amplitude of the
signals also varied, from 3 mm46–48

to as high as 14 mm.49 King et al51

did not report the frequency or
amplitude of the vibration signals
generated by the physioacoustic sys-
tem that they used.

Effects on Sensorimotor
Performance
Motor impairments (Unified Par-
kinson Disease Rating Scale
[UPDRS]). The motor section of
the Unified Parkinson Disease Rating
Scale (UPDRS) was used to assess the
effects of WBV on motor impair-
ments in 4 studies (Tab. 4).47,49–51

Haas et al47 assessed the immediate
effects of a single session of WBV
(five 1-minute bouts). They found
that the UPDRS motor score fell sig-
nificantly immediately after the treat-
ment, whereas no significant change
was observed with the control con-
dition. Among the different symp-
tom clusters, reductions in tremor,
rigidity, and bradykinesia and

Table 2.
Study Design and Characteristics of Study Participantsa

Study
Level of

Evidenceb Study Design

Characteristics of Participantsc Severity of Disease

Duration
of

Disease
(y)dSample Size (n) Age (y)d Sex

Pretest
UPDRS
Motor
Scored

Hoehn-Yahr
Stage

Dosage
of

Levodopa
(mg/d)d

Turbanski
et al46

2b Nonrandomized
controlled
trial

52 (26 in WBV and
26 in CON)

69.1 (8.9) 14 women
and 38
men

40.0 (11.2) 3 or 4 494 (192) 8.5 (0.7)

Haas et al47 1b Randomized
controlled
trial with
crossover

68 65.0 (7.8) 15 women
and 53
men

29.9 (11.9) 2–4 325 (122) 5.9 (4.9)

Haas et al48 2b Nonrandomized
controlled
trial

28 (19 in WBV and
9 in CON)

63.1 (7.3) NR NR 2–4 357 (139) NR

Ebersbach
et al49

2b Randomized
controlled
trial

21 (10 in WBV and
11 in CON)

WBV:
72.5
(6.0)

CON:
75.0
(6.8)

14 women
and 7
men

WBV: 23.0
(4.9)

CON: 25.9
(8.1)

NR WBV: 532
(226)

CON: 600
(207)

WBV: 7.0
(3.3)

CON: 7.5
(2.7)

Arias et al50 2b Nonrandomized
controlled
trial

21 (10 in WBV and
11 in CON)

WBV:
66.9
(11.1)

CON:
66.6
(5.6)

9 women
and 12
men

WBV: 24.8
(7.1)

CON: 30.5
(7.1)

NR NR NR

King et al51 2b Randomized
controlled
trial with
crossover

40 65.4 (9.9) 15 women
and 25
men

NR NR NR 6.8 (4.8)

a UPDRS�Unified Parkinson Disease Rating Scale, WBV�whole-body vibration group, CON�control group, NR�not reported.
b Based on the PEDro scores and guidelines set by the Centre for Evidence-Based Medicine (level 1b indicated a good-quality randomized controlled trial,
and level 2b indicated a poor-quality randomized controlled trial).
c Participants in all of the studies were patients with idiopathic Parkinson disease.
d Reported as mean (standard deviation).
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improvements in gait and posture
after WBV were found, but no reduc-
tion in cranial symptoms was
observed. In a study with a crossover
design, King et al51 also assessed the
immediate effects of a single session
of WBV (five 1-minute bouts).

Significantly greater reductions in
UPDRS rigidity and tremor scores
were found after WBV than after the
control period. In contrast, Ebers-
bach et al49 and Arias et al50 showed
that a longer-term WBV program
(3–5 weeks) was not superior to con-

ventional exercises in improving the
UPDRS motor score.

Balance. Balance was specifically
measured in several studies
(Tab. 4).46,49,50 For example, Turban-
ski et al46 and Ebersbach et al49 both

Table 3.
Training Protocolsa

Study

Protocol for Whole-Body Vibration (WBV) Group

Protocol for
Comparison

Group

WBV Treatment

Additional
Treatment

Frequency of
Sessions

(Duration of
Program)

No. of
Vibration

Bouts
(Duration/

Bout)

Rest
Between

Bouts

Frequency
(Amplitude) of

Vibration
Signals Device Posture

Turbanski
et al46

Single session 5 (1 min) NR 6 Hz (3 mm) ZEPTOR-med
system
(vertical)

Not mentioned None Moderate walking
for 15 min

Haas
et al47

Single session 5 (1 min) 60 s 6 Hz (3 mm) ZEPTOR-med
system,
Scisens
(vertical)

Standing on the
platform with
knees slightly
flexed

None No specific
intervention

Haas
et al48

Single session 5 (1 min) 60 s 6 Hz (3 mm) Srt-medical
system
(vertical)

Standing on the
platform
wearing shoes
and with
knees slightly
flexed

None Rest for 15 min

Ebersbach
et al49

Two sessions/d
for 5 d/wk
(3 wk)

2 (15 min) NR 25 Hz (7–14 mm) Galileo
(left-right
alternating)

Standing on the
platform with
knees and
hips slightly
flexed

Standard therapy
(3 sessions of
40-min
relaxation
techniques,
speech
therapy,
occupational
therapy, and
release
maneuvers for
rigidity)

Standard therapy
and
conventional
balance training
(exercises on a
tilt board)

Arias
et al50

Total of 12
sessions on
nonconsecutive
days (5 wk)

5 (1 min) 60 s 6 Hz (NR) Fit Massage
(left-right
alternating)

Standing on the
platform with
feet apart and
knees slightly
bent

None Standing on the
platform
without
vibration and
with equal
weight bearing
on the 2 sides

King
et al51

Single session 5 (1 min) 60 s NR Physioacoustic
chair

Sitting in the
chair with
lower legs,
thighs,
buttocks,
lower back,
and upper
back in
contact with
the surface of
the chair

None Rest

a NR�not reported.
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assessed the extent of postural sway
in participants standing on a mov-
able platform. In the former study,
the linear displacement of the pivot

of the tilt board was used as the out-
come,46 whereas in the latter study,
the sum of the displacements of the
platform in the anterior-posterior

and medial-lateral directions was
used to obtain a quantitative body
sway value.49 Turbanski et al46

claimed that the WBV group

Table 4.
Effects of Whole-Body Vibration (WBV) Therapy on Sensorimotor Performancea

Study UPDRS Other Measures of Sensorimotor Performance
Adverse
Effects

Turbanski et al46 Postural sway during side-by-side standing: NS
Postural sway during tandem standing: WBV group

showed significantly more improvement than
control group (P�.04)

NR

Haas et al47 UPDRS motor score and cluster scores (tremor,
rigidity, gait and posture, and bradykinesia):
significant improvement after WBV (P�.01)
but no significant change with the control
condition

UPDRS cranial symptom cluster score: NS

No adverse
effects

Haas et al48 Proprioception performance in knee
Maximum knee angle, minimum knee angle, and

movement frequency: NS

No adverse
effects

Ebersbach
et al49

UPDRS motor score immediately after
termination of the 3-wk treatment: NS

Immediately after termination of the 3-wk treatment
Tinetti Balance Test, 10-m walk test, stand-walk-sit

test, and pull test: NS
Posturography (sway, mm): tendency for WBV

group to have a lower sway value (P�.093)

NR

UPDRS motor score at 4-wk follow-up: no
significant decline in performance for both
WBV and control groups

At 4-wk follow-up
Tinetti Balance Test, 10-m walk test, stand-walk-sit

test, and pull test: no significant decline in
performance for both WBV and control groups

Posturography (sway, mm): tendency for WBV
group to have a lower sway value (P�.093)

Arias et al50 Effects of multiple sessions
UPDRS motor score: NS
UPDRS total score: NS

Effects of a single session
Timed “Up & Go” Test, Functional Reach Test, and

pegboard task: NS

NR

Effects of multiple sessions
Timed “Up & Go” Test, Functional Reach Test,
Berg Balance Scale, and pegboard task: NS

King et al51,b Rigidity
Group A: significant improvement after WBV

(P�.049); no significant change after rest
period (P�.141)

Group B: significant improvement after both
rest period (P�.003) and WBV (P�.001)

Step length
Group A: no significant change across assessments
Group B: postvibration value was significantly

better than baseline value but differed from
postrest value only slightly (P�.05)

NR

Tremor
Group A: significant improvement after WBV

(P�.001); tremor value remained lower
than baseline value after rest period
(P�.021)

Group B: no significant change across
assessments

Gait speed: NS

Other UPDRS cluster scores: NS Pegboard task
Group A: significant improvement after WBV and

rest period (P�.008); no significant change after
rest period (P�.565)

Group B: significant improvement after both rest
period (P�.039) and WBV (P�.001)

a UPDRS�Unified Parkinson Disease Rating Scale, NS�no significant effect compared with effect of control or conventional therapy, NR�not reported.
b In the study of King et al,51 treatment with WBV was followed by a rest period for group A, and a rest period was followed by treatment with WBV for
group B.
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experienced significantly more
improvement in postural sway dur-
ing tandem standing (ie, 1 foot
placed in front of the other) after a
single session of WBV than the con-
trol group. However, examination of
their data showed that the trend in
the change in postural sway
observed during the treatment
period was very similar to, if not less
marked than, that observed during
the control period. On the other
hand, Ebersbach et al49 reported that
the WBV group experienced signifi-
cant improvement in postural sway
but reported no significant change in
the conventional therapy group.
However, the group � time interac-
tion did not reach statistical signifi-
cance (P�.093). In addition to the
aforementioned posturography
tests, Ebersbach et al49 and Arias et
al50 also used various clinical mea-
sures of functional balance (eg,
Tinetti Balance Test, Berg Balance
Scale, Functional Reach Test) to eval-
uate balance ability. Neither group of
investigators found any difference
between the WBV group and the
comparison group on these func-
tional balance measures.

Mobility tasks. The effects of
WBV on mobility tasks were evalu-
ated in 3 studies (Tab. 4).49–51 King
et al51 found that a brief WBV session
had no significant effect on gait
speed. Their findings for step length
also were inconsistent. Participants
in group A, the first to receive WBV,
experienced no significant change in
step length after WBV. Intriguingly,
participants in group B, who
received WBV after the rest period,
experienced a significant increase in
step length.51 When WBV was com-
pared with conventional therapy,
none of the mobility parameters (ie,
the Timed “Up & Go” Test, a 10-m
walk test, and a stand-walk-sit test)
measured by Ebersbach et al49 and
Arias et al50 showed any significant
treatment effect after multiple ses-
sions of WBV.

Proprioception. The effects of
WBV on sensory functioning were
assessed in only 1 study (Tab. 4).48

Haas et al48 assessed the propriocep-
tive function of the knee joint by
asking participants to reproduce a
slowly oscillating target course (0.25
Hz, amplitude: �10°) involving uni-
lateral, repetitive knee extension and
flexion movements. The average
maximum and minimum knee angles
of the movement series were used as
the outcome measures to represent
the quality of proprioception. In
addition, they analyzed knee joint
movement velocity to indicate tim-
ing deficits. No significant changes in
these variables after a single session
of WBV were found.48

Pegboard task. Arias et al50 used
the Purdue Pegboard Test to assess
manual dexterity; the mean number
of pegs introduced into the holes
was used as the outcome measure
(Tab. 4). No significant treatment
effect was reported. On the other
hand, King et al51 used a timed peg-
board task to assess bradykinesia.
Participants were required to place

the pegs into the holes with ran-
domly positioned slots as quickly as
they could. For one of the treatment
groups, the improvement in perfor-
mance on this pegboard task after
the control period was very similar
to that observed after the WBV treat-
ment period that followed. It thus
was difficult to determine whether
the change in performance was due
to the practice effect or maturation
or was attributable to an effect of the
vibration treatment.

Adverse Events
Haas and colleagues47,48 explicitly
stated that no adverse effects were
associated with WBV, whereas none
of the other studies reported on
whether any adverse events
occurred during or after WBV
treatment.

Discussion
Training Protocol
There were great variations in the
training protocols adopted in the
selected studies. Although a vibrat-
ing platform was used to deliver the
WBV treatment in most of the stud-

Table 5.
Summary of Main Findingsa

Effects of Whole-Body Vibration
(WBV) Findings

Acute (single session) In 2 studies (level 1b and level 2b), significant
results for UPDRS tremor and rigidity scores
favored WBV over no intervention

Conflicting results for UPDRS gait and posture,
bradykinesia, and cranial symptom cluster
scores

No evidence that WBV is effective in improving
knee proprioception and other clinical
measures of sensorimotor performance (such
as balance and mobility)

Chronic (multiple sessions over 3–5 wk) Two level 2b studies showed that, compared
with conventional exercises, WBV had no
significant effect on UPDRS motor scores

Only 1 level 2b study showed that, compared
with conventional exercises, WBV had a
tendency to improve performance on
dynamic posturography tests but not on
other clinical measures of gait and balance

a The overall conclusion was that none of the studied outcomes provided adequate evidence to
support the use of WBV as the current “best practice” for PD. UPDRS�Unified Parkinson Disease Rating
Scale.
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ies,46–50 King et al51 used a physio-
acoustic system. A similar system
was used in a recent study by Zheng
et al,52 who found that a 6-month
vibration treatment program was
effective in improving mobility and
reducing bone turnover in a group of
older adults who were frail. This sys-
tem may be more suitable for people
who have more severe disabilities
and cannot tolerate standing on a
vibrating platform. In addition, a
physioacoustic system may allow for
more uniform delivery of stimulation
to the body than is possible with a
vibrating platform because a large
part of the body surface is in contact
with the chair. Although it has been
claimed that the sound waves cre-
ated by the physioacoustic system
are physically similar to mechanical
vibration,52 whether they produce
the same physiological effects
remains uncertain.

Effects of a Single Session of
WBV
The immediate effects of a single ses-
sion of WBV in people with PD (ie,
acute effects) were investigated in 5
studies.46–48,50,51 The results were
mixed. There was no evidence to
suggest that WBV can improve per-
formance in proprioception.46 Signif-
icantly better outcomes with WBV
than with no intervention, as
reflected in UPDRS tremor and rigid-
ity scores, were reported by Haas et
al47 (level 1b) and King et al51 (level
2b); however, the methods that they
used to deliver vibration were differ-
ent (vibrating platform versus phys-
ioacoustic chair). The results on
other UPDRS subscales were con-
flicting.47,50,51 Arias et al50 showed
that participants in the WBV group
recorded gains in sensorimotor per-
formance (eg, Functional Reach
Test, Timed “Up & Go” Test) similar
to those experienced by participants
in the placebo group (who per-
formed the same exercises without
vibration). Therefore, the possibility
that the beneficial effects of WBV

observed by Haas et al47 and King et
al51 were related to a placebo effect
associated with this form of treat-
ment cannot be ruled out. Studies on
the acute effects of WBV in young
adults53–56 and patients with chronic
neurological conditions23,27,28 also
have produced conflicting results.
The discrepancies in the reported
outcomes presumably are related to
differences in participant character-
istics, WBV protocols, and outcome
measures.

The mechanisms underlying the
reported improvements in postural
sway and the UPDRS motor score in
people with PD are not clear.46,47 It
is likely that several physiological
systems are involved because earlier
studies conducted with other popu-
lations demonstrated the influence
of WBV on neuromuscular,18–22 vas-
cular,57 and hormonal58 systems. For
example, it is known that WBV can
affect the concentrations of several
neurotransmitters.53,58,59 The possi-
bility that WBV has an effect on the
dopaminergic system that may con-
tribute to the observed improvement
in neuromuscular performance can-
not be ruled out. Some form of neu-
roplastic change also may be
involved because it has been shown
that focal muscle vibration can
induce long-lasting plastic changes
in the motor cortex.60 Increased neu-
romuscular efficiency may account
for these improvements. It has been
proposed that WBV may enhance
the activity of agonist muscles but
inhibit that of antagonist muscles,
thus leading to the optimal coordina-
tion of muscle synergy.24,61

In summary, evidence of the acute
effects of WBV on sensorimotor per-
formance remains inconclusive
(Tab. 5). Given the conflicting
results of and the methodological
flaws in the studies reviewed here,
only a grade D recommendation (ie,
inconsistent evidence at any level)
can be given for the use of a brief

session of WBV to improve sensori-
motor performance in people with
PD.

Effects of Multiple Sessions of
WBV
Both Ebersbach et al49 and Arias et
al50 (both level 2b) investigated the
effects of multiple sessions of WBV
on the UPDRS scores and other
aspects of sensorimotor perfor-
mance (ie, chronic effects). In
contrast to a larger number of WBV
studies conducted with older popu-
lations and demonstrating the posi-
tive effects of longer-term WBV on
balance performance and leg muscle
strength,8,15–21 neither study pro-
vided sufficient evidence that WBV
treatment is more effective than stan-
dard balance training49 or control
exercises without vibration.50 It is
possible that the differences in the
WBV protocols used in these studies
partially accounted for these discrep-
ancies in the results. For example,
the duration of training in most of
the studies carried out with older
adults was between 6 weeks and 1
year, longer than the treatment peri-
ods used by Ebersbach et al49 and
Arias et al50 (3 and 5 weeks, respec-
tively). Patients with disabilities may
require longer, more intense training
programs to obtain optimal treat-
ment effects; such a requirement
would explain why WBV (for 6–8
weeks) also failed to have significant
effects in patients with other types
of neurological conditions (eg,
stroke, cerebral palsy).22,25 More-
over, both of the aforementioned
studies had small samples (21
patients) (Tab. 2),49,50 and the result-
ing reduced statistical power ren-
dered the detection of any significant
between-group differences in treat-
ment outcomes difficult.

In summary, only 2 fair-quality stud-
ies49,50 examined the effects of
longer-term WBV; neither study
showed any significant results for
WBV in comparison with conven-
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tional exercises, except that there
was a tendency for the WBV group
to show more improvements on pos-
turography tests, as reported by
Ebersbach et al49 (Tab. 5). In view of
the lack of good-quality studies and
the inconsistent findings, only a
grade D recommendation can be
given for the use of longer-term WBV
to improve sensorimotor perfor-
mance in people with PD.

How does the evidence for WBV
compare with that for other physical
therapy interventions in people with
PD? Keus et al40 performed an
evidence-based analysis of physical
therapy in people with PD and made
several specific treatment recom-
mendations based on evidence from
more than 2 moderate-quality con-
trolled trials (grade B recommenda-
tion); these recommendations
included the use of cueing strategies
(eg, auditory, visual, tactile, cogni-
tive) to improve walking, the appli-
cation of cognitive movement strat-
egies to improve the performance of
transfers, the use of balance training
combined with lower-limb strength
training to improve balance, and the
use of flexibility and resistance exer-
cises designed to improve joint
mobility and muscle power. Overall,
research evidence supporting the
use of WBV to improve sensorimotor
function in people with PD is not as
well established as evidence of the
benefits of other common physical
therapy interventions.

Safety and Adverse Events
Safety must be taken into consider-
ation because earlier studies showed
that occupational exposure to WBV
is related to vestibular problems,62

circulation disorders,63 and low back
pain.64 The peak vertical accelera-
tion of the vibration platform
depends upon the following theoret-
ical relationship: peak acceleration
�4�2 � frequency squared � ampli-
tude.65 At certain stimulation fre-
quencies and amplitudes, vibrations

may be amplified as they are trans-
mitted through the body.65 For
example, vibration (10–20 Hz) with
a peak acceleration of 1g (1 unit of
gravity, earth’s gravitational con-
stant) at the level of the vibration
platform could be amplified to more
than 2g to 3g at the hip if the ampli-
tude were greater than 0.5 mm.65

The use of a high-amplitude protocol
for people with a very low bone
mass may be hazardous because the
applied load may be too great for
fragile bone tissue to withstand.65

Thus, it is critical that the WBV pro-
tocol (signal frequency, amplitude,
and duration of exposure) be
selected carefully and reported
clearly because osteoporosis is prev-
alent in patients with PD.66

The protocols used in each of the
studies considered in this review var-
ied. On the basis of the aforemen-
tioned theoretical relationship, the
protocol adopted by Ebersbach et
al49 (25 Hz, 7–14 mm) would yield
peak accelerations ranging from
17.6g to 35.2g. Although the signal
would be attenuated as the vibration
is transmitted through the body,65

the possibility of signal amplification
associated with the use of high-
amplitude vibration raises some
concerns.

No significant adverse effects were
reported in any of the selected stud-
ies. Earlier studies carried out with
older populations15–22 and people
with different chronic condi-
tions23–30 showed that it is rare for
adverse events to be associated with
WBV therapy. The reported side
effects are mainly limited to muscle
soreness, headaches, knee pain, and
joint effusion.15–22 If present, these
side effects usually subside as train-
ing progresses. It seems reasonable
to suggest that brief daily exposure
to WBV is feasible and safe for peo-
ple with PD, but further study is
needed.

Limitations of the Selected
Studies
Good-quality experimental studies
are lacking in this area of research. In
addition, because 3 of the studies
selected for review were conducted
by the same group of investigators
and 2 of these studies had unmasked
assessors,46–48 their results must be
interpreted with caution. Finally,
several of the selected studies had
reduced statistical power because of
their small samples, which also were
quite heterogeneous. All of these fac-
tors may partially explain the nonsig-
nificant findings.

Limitations of the Systematic
Review
The dramatically different treatment
protocols and outcome measures
used in the studies reviewed here
make direct comparison of their
results difficult. These differences
also partially explain why a meta-
analysis could not be performed. The
exclusion of articles written in other
languages may have led to bias in the
results of this review. For example,
we cannot rule out the possibility
that publications in other languages
may have obtained results markedly
different from those reported in the
articles that we reviewed.

Implications for Clinical Practice
This review revealed conflicting
results concerning the effects of a
single session of WBV (acute
effects). Two studies (a level 1b
study and a level 2b study) showed
that a single session of WBV had pos-
itive effects on tremor and rigidi-
ty,47,51 but these results could have
been due to the placebo effect.49,50

The effects of longer-term WBV (up
to 3–5 weeks) were investigated in
only 2 level 2b studies, and the
results were unremarkable.49,50

Overall, there is insufficient evi-
dence to prove or refute the effec-
tiveness of WBV in improving senso-
rimotor function in people with PD.
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Implications for Research
Many research questions concerning
the use of WBV in people with PD
remain unanswered. First, more
good-quality studies are needed to
determine the acute and chronic
effects of various WBV protocols on
sensorimotor performance in people
with PD. Second, future studies
should consider incorporating bone
health outcomes (eg, bone density,
bone turnover) because WBV has
been shown to have a positive influ-
ence on hip bone density in older
women.11 Third, whether the bene-
fits of WBV, if any, are maintained
after the termination of treatment
remains to be determined. It also is
important to establish the neuro-
physiological mechanisms underly-
ing the sensorimotor improvements
observed after WBV.
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