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Abstract

Objectives Whole-body vibration training (WBVT) has been emerging as a promising therapeutic modality for cerebral
palsy (CP); however, reported efficacy is inconsistent and methodological approaches differ substantially. This study aimed
to review the methodological protocols adopted by randomised controlled trials reporting on the efficacy of WBVT for
people with CP.

Methods Electronic databases were searched for randomised controlled trials reporting on the efficacy of WBVT for people
with CP. Data were extracted from included studies related to study and participant characteristics and WBVT protocols
including training programmes, patient positioning, and machine and vibration specifications.

Results Eighteen randomised controlled trials were identified. Training programmes varied considerably, including dura-
tion, number of sessions per week, session length, and whether static, dynamic, or combination exercises were performed.
Positioning of participants on the vibration platform also varied, including foot, knee, hip, and hand positioning. The machine
specifications were poorly reported, with variations in frequency, amplitude, and peak acceleration settings.

Conclusions This review highlights the inconsistency in the use and reporting of training protocols, machine specifications,
and patient positioning when investigating the efficacy of WBVT for people with CP. Current clinical trials continue to
poorly acknowledge WBVT research recommendations, which may contribute to ongoing misunderstanding of basic WBVT
principals and safety considerations, as well as contribute to the inconclusive results with regard to treatment efficacy.

Keywords Cerebral palsy - Vibration therapy - Systematic review - Randomised controlled trial

Cerebral palsy (CP) describes an array of disorders that
result from static lesions of the developing and neonate
brain, causing deficits in movement and postural control
(Rosenbaum et al., 2007). With an estimated prevalence of
2 per 1000 live births (Oskoui et al., 2013), CP is the most
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common childhood physical disability. People with CP expe-
rience difficulty in walking and performing other functional
activities due to impairments in muscle strength and coordi-
nation, as well as muscle spasticity (Nelson & Boyer, 2021).
These impairments adversely affect daily activities, social
interactions, and overall quality of life (Makris et al., 2021;
Pirpiris et al., 2006).

In recent years, the evidence base for CP management
has grown considerably, with over one hundred different
therapeutic interventions reported in the literature (Novak
et al., 2020). The primary goals for management of peo-
ple with CP are aimed at improving mobility and function.
Common conservative treatments include physical therapy,
occupational therapy, orthoses and oral medications, neu-
rodevelopmental treatment, and exercise (passive stretching,
static weight-bearing, strength training, and cardiovascular
fitness). Although several systematic reviews and meta-anal-
yses have illustrated the potential role of these interventions
for people with CP, results on functional improvements are
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inconsistent (Bania et al., 2019; Booth et al., 2018; Liang
etal., 2021; Morgan et al., 2014, 2016; Papavasiliou, 2009;
Ryan et al., 2017), and alternative treatment modalities are
being increasingly discussed and sought by families of chil-
dren with CP.

In the past two decades, whole-body vibration training
(WBVT) has been emerging as a promising therapeutic
modality for CP and has been shown to improve gross motor
function, reduce spasticity and contracture, and improve pas-
sive range of motion (Novak et al., 2020). WBVT involves
the use of energy produced from an oscillating mechanical
vibration platform which is transferred through a person,
thereby producing vibration of the whole body (Lorenzen
et al., 2009; Rittweger, 2010). WBVT has several advantages
over other therapeutic interventions, including reduced strain
and risk of injury, providing a more passive training activity,
and a shorter time to complete training sessions (Ruhde &
Hulla, 2022).

The overall effectiveness of WBVT is determined by the
combined effect of the machine vibrations/force and the
correct biomechanical position of the patient. Recommen-
dations have been published in regard to undertaking and
reporting research using WBVT (Rauch et al., 2010; van
Heuvelen et al., 2021; Wuestefeld et al., 2020). However, the
methodological approaches differ substantially across stud-
ies, with heterogeneity in almost all methodological aspects,
including WBVT protocols, vibration platform settings, and
patient positioning on the platform (Duquette et al., 2015;
Khan et al., 2021; Ritzmann et al., 2018), suggesting that
the proposed recommendations have not been adhered to.
In conjunction with the lack of standardised terminology
(Lorenzen et al., 2009), there is a “replication crisis” evident
in current WBVT research, which may also contribute to
the inconsistency in reported WBVT efficacy. Inappropri-
ate training techniques and vibration intensities may also
promote injury and concerns have been raised about the use
of WBVT for children with disabilities (Leite et al., 2019).

This systematic review aims to evaluate the methodo-
logical protocols adopted by randomised controlled trials
reporting on the efficacy of WBVT for people with CP, and
to provide recommendations to improve the quality, stand-
ardisation, and safety of WBVT research for this population.

Method

This review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (Moher et al., 2009).

Pragmatic (Lived Experience) Collaborative
Research Partners

The work arose through discussion between DP, LS, and
KO. KO has lived experience of CP and regular use of
different types of vibration machines. LS is a Royal New
Zealand navy-trained engineer who has advised key design
improvements for at least four commercial vibration plate
companies. LS also runs a studio in New Zealand using five
types of vibration machines, and since 2004 has offered free
advice and use of the machines for many people with dis-
abilities, including CP. The programme of work and study
protocol was developed through discussion between LS, KO,
DP, and SS. Contributions to the extraction of data, study
interpretation, and, in particular, recommendations were
developed in partnership with the collaborative research
partners.

Search Strategy

Using relevant search terms ((“whole body vibration” OR
“whole-body vibration” OR wbv OR wbvt) AND “cerebral
palsy”), the following electronic databases were searched in
April 2022 and updated in November 2022: Allied and Com-
plementary Medicine (AMED), Web of Science, Scopus,
MEDLINE, The Cumulative Index to Nursing and Allied
Health Literature (CINAHL), and Sport Discus. Refer-
ence lists of retrieved studies and reviews were also hand-
searched to identify additional studies. No time restrictions
were placed on the search.

Studies were included if they were randomised controlled
trials which involved human participants with a diagnosis
of cerebral palsy and reported using whole body vibration
training or therapy as an intervention. Only papers published
in English were included and there were no restrictions
based on the age or gender of participants, or the vibration
device used. Studies which reported using segmental or local
vibration training (i.e. not whole body) were excluded, as
they do not involve vibration of the whole body which the
term WBVT infers (Bosco et al., 1998; Cronin et al., 2007).
Review articles, conference proceedings, protocols, editori-
als, and letters to the editor were also excluded.

All identified studies were exported into Rayyan (http://
rayyan.qcri.org), an online systematic review applica-
tion (Johnson & Phillips, 2018), and duplicates removed.
Two independent reviewers (DP, KO) screened titles and
abstracts against the above criteria and studies not relevant
were excluded. Full texts of the remaining studies were then
reviewed by two independent reviewers (DP, KO) to confirm
eligibility. Any disagreements were discussed by consensus
with a third reviewer (SS).
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Quality Assessment

The quality of included studies was assessed independently
by two reviewers (DP, SS) using the 6-item modified Jadad
scale which assesses randomisation, blinding, withdrawals,
dropouts, inclusion/exclusion criteria, adverse events, and
statistical analysis (Oremus et al., 2001). The scale has a
maximum score of 8 points, with low-quality studies yield-
ing scores of 0 to 3 and high-quality studies yielding scores
of 4 to 8. Any disagreements in the quality assessment were
resolved by discussion between the two reviewers.

Data Extraction

Two independent reviewers (DP, KO) extracted data from
each included study into a standardised data extraction sheet
in Microsoft Excel. Extracted data included study charac-
teristics (first author surname, publication year, country of
first author, and study design) and participant characteristics
for each group (sample size, gender, age, inclusion/exclu-
sion criteria, and description of interventions). Data relat-
ing to the WBVT programmes were extracted, including the
total duration of the training (weeks), total session length
(minutes), exercise and rest times (minutes), and exercise
type (static/dynamic/combination). Patient position data
related to foot, knee, hip, trunk, elbow, and hand position-
ing was extracted, as were data related to machine and vibra-
tion specifications: brand and model of machine, year of
machine, type of vibration (i.e. lineal (vertical or synchro-
nous) or pivotal (side-alternating)), frequency (hertz), ampli-
tude (mm), peak acceleration (g), peak-to-peak displacement
(mm), force (kN), and whether or not the machine (via accel-
erometer and force transducer) was independently tested by
an engineer prior to the training (to ensure the machines are
complying with a number of specifications related to engi-
neering requirements and principles (Larbi et al., 2020)).
Finally, data reporting any adverse events were extracted.

Data Synthesis

Data relating to the study and participant characteristics,
training programme protocols, patient positioning, and
machine specifications were summarised in tables using
descriptive statistics.

Results

Study and Participant Characteristics

A total of 196 studies were identified across the database

searches (Fig. 1). After removal of duplicates, 98 studies
were screened based on title and abstract, of which 29
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were included in the full-text screening stage. Of these, 11
were excluded (reasons are described in Fig. 1), and a total
of 18 studies are included in the current review.

Figure 2 displays the quality assessment scores for the
18 included studies according to the Jadad scale. Although
all studies were randomised, only seven (39%) described
an appropriate method of randomisation. No studies were
described as double-blind. Six (33%) studies provided a
description of withdrawals and dropouts, and all but one
study (94%) provided a clear description of the inclusion
and exclusion criteria. Only one study (6%) described the
method used to assess adverse effects and 17 (94%) studies
described the methods of statistical analysis used. The total
Jadad score ranged from 1 to 5 (mean (SD): 2.5 (0.9)).

Study and participant characteristics of the included
studies are presented in Supplementary Table 1. Fourteen
(78%) studies were randomised controlled trials, and four
(22%) were randomised cross-over trials. The experimental
groups all received WBVT with or without interventions
also received by the control groups (including resistance
training, physical therapy, passive stretching, suit therapy,
hippotherapy (utilisation of the natural gait and movement
of a horse to provide motor and sensory input), and core
stability). Total sample sizes across the included studies
ranged from 12 to 60 participants with CP. Seventeen stud-
ies included paediatric populations (age range 4—18 years)
with one study including adult participants with CP (mean
age 31 years) (Ahlborg et al., 2000).

Training Programme Protocols

Table 1 presents details of the WBVT programme proto-
cols used, which varied considerably across the included
studies. Duration of the training programme ranged from
3 to 24 weeks, with number of sessions per week ranging
from 2 to 10. The total session length ranged from 9 to
60 min with exercise times ranging from 30 to 600 s, and
rest periods ranging from 15 to 180 s. Static exercises
were the most commonly performed (n =12, 67% studies),
with the remaining studies using combinations of static
and dynamic exercises (n =6, 33% studies).

Patient Positioning

The majority of studies undertook WBVT with the partici-
pants in a static standing position (n =28, 44%), followed by
a squat position (n=3, 17%), or a combination of standing
and dynamic exercises (n=7, 39%) (Table 2). Foot position-
ing was described in 13 (72%) studies, with the majority
instructing participants to stand with equal weight on both
legs at an equal distance from the centre line on the vibrating
platform. Two (11%) studies performed the vibration exer-
cises with shoes on, four (22%) with participants barefoot,
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and the remaining 12 (67%) did not specify the footwear
condition used. Twelve (67%) studies described the knee
position which was flexed anywhere between 10 and 100°
from full extension. Hip positioning was described by four
(22%) studies in which hip flexion ranged from 10 to 50°.
The trunk position was described by only three (17%) studies
which reported using a belt or support to stabilise the trunk.
No studies reported elbow positioning. Four (22%) studies
instructed participants to hold on to handles for support,
three (17%) studies told participants to avoid holding onto
the handles, and 10 (56%) studies did not specify the hand
position.

Machine Specifications

A range of vibrating machine models were used with no
study reporting the manufacturing year of the machine
(Table 3). Seven (39%) studies reported using pivotal (side-
alternating) vibration with the remaining 11 (61%) studies
not indicating the type of vibration used. Machine frequen-
cies were reported by all 18 (100%) studies and ranged from
5 to 40 Hz. Amplitude was reported by 11 (61%) studies,
ranging from 1 to 3 mm. Peak acceleration was reported by
only five (28%) studies, ranging from 0.3 to 2.6 g (g-force).

No studies reported force (kilonewtons (kN)) or whether
accelerometers or force transducers were used for loaded and
unloaded testing of the machine by an independent engineer.

Adverse Events

Three (17%) studies described adverse events reported by
participants in the WBVT groups. Eighty percent of par-
ticipants in each of two studies reported redness of the feet
or ankles following the first few training sessions (Ibra-
him et al., 2014; Ruck et al., 2010). Ruck et al. (2010) also
reported that 0.6% of total treatment sessions were inter-
rupted due to complaints of fatigue and 0.5% due to pain;
however, it was not clear whether this was directly due to
the WBVT. One participant also reported leg stiffness in the
evening following training (Ahlborg et al., 2006).

Discussion
This systematic review evaluated the protocols adopted
by randomised controlled trials reporting on the efficacy

of WBVT for people with CP. Although the purpose of
this review was not to comment on the efficacy of this
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Fig.2 Quality assessment of
included studies using modified-
Jadad Scale
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Table 1 Characteristics of whole-body vibration training programmes for included studies

Study Duration of WBYV train- No. sessions Total session  Exercise time (s)  Rest period (s)  Exercise type
ing programme (weeks) per week length (min)
Ahlborg et al. (2006) 8 3 11 30-110 15-120 Static
Ahmadizadeh et al. (2019) 6 3 18 180 180 Static
Ali et al. (2019) 12 3 60 300 60 Static
Ali and Abd el-aziz (2021) 12 3 10 300 60 Static
Ali and Awad (2022) 12 6 10 300 60 Static
Cheng et al. (2015) 8 1 NR 600 NR Static
El-Bagalaty and Ismaeel (2021) 12 3 20 180 180 Combination
El-Shamy and Mohamed (2012) 20 5 10 NR NR Static
El-Shamy (2014) 12 5 9 180 180 Combination
Ibrahim et al. (2014) 12 3 9 180 180 Static
Jung and Dammerer (2020) 4 3 30 180 60 Combination
Ko et al. (2017) 3 2 15 180 180 Static
Lee and Chon (2013) 8 3 60 180 180 Static
Ruck et al. (2010) 24 1 15 180 180 Combination
Stark et al. (2016) 12 10 9 120 NR Combination
Tekin and Kavlak (2021) 8 3 15 180 180 Static
Tupimai et al. (2016) 6 5 10 60 60 Static
Unger et al. (2013) 4 2-5 4:15-7:45 30-60 NR Combination

WBYV, whole body vibration; NR, not reported

intervention (which is notoriously inconsistent across pub-
lished work Leite et al., 2019; Novak et al., 2013, 2020; Ritz-
mann et al., 2018; Sa-Caputo et al., 2016), an understand-
ing of WBVT protocols (including machine parameters and
patient positioning) is central to the delivery, and therefore
effectiveness of this intervention, with respect to safety and
reproducibility. The results from this review have revealed
considerable variation in the WBVT programmes, protocols,
machine settings, and patient positions adopted by clinical
trials involving people with CP.

Despite the influence of patient positioning on the level
of vibration transmitted through the axial skeleton and
head (Muir et al., 2013; Pel et al., 2009; Rittweger, 2010;
Tankisheva et al., 2014), patient positioning was inconsist-
ently described across the included studies. Foot position,
and more specifically forefoot loading, has been reported to
dampen the vibration through the trunk and to the head (Rit-
tweger, 2010), which should be considered in the presence of
contractures of the gastrocnemius-soleus complex in people
with CP. Furthermore, although most included trials required
participants to be positioned on the vibrating platform in a
squat or with their knees flexed, the majority of studies pro-
vided no specific angular measurements. A study comparing
the impact of three knee angles (130°, 110°, and 0°, where
180° is full extension) on vibration transmission demon-
strated that the most effective position was achieved with
the knee at 110° (deep squat) (Tankisheva et al., 2014). In
fact, straight-legged standing positions have been abandoned

due to transmission of force to the head exceeding that meas-
ured at the foot (Muir et al., 2013). Detailed descriptions
of the participants’ ability to hold positions, and the safety
measures that are in place, such as handrails, and whether
the handrail is attached directly to the platform, or not, as
well as whether residual vibration was being transferred to
the participant were all poorly considered in the included
studies, despite their relevance in terms of positioning and
safety (Wuestefeld et al., 2020).

Although it has been acknowledged that there is little evi-
dence on the safety of machine specifications, specifically
with children (Unger et al., 2013), none of the included stud-
ies in the current review reported independently validated
specifications, and few reported the machine type and peak
acceleration. Reporting a brand name without clear specifi-
cations, or focusing on the Hz or peak-to-peak acceleration
without disclosing the type of machine (Jordan et al., 2005;
Lorenzen et al., 2009; Rauch et al., 2010), has implications
for safety in terms of adverse events and contraindications
when considering an intervention for people with CP. It is
difficult to comment on the two lineal machine types or piv-
otal machine type in the current review, without information
about the loaded and unloaded specifications, and therefore
whether the stated frequencies are correct. Only one out
of eighteen included clinical trials considered reporting
adverse events resulting from the WBVT (including acute
leg pain, sore feet, and headache). Adverse events result-
ing from WBVT are closely related to machine settings and
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participant positioning and have an important influence on
overall therapeutic efficacy (Alizadeh-Meghrazi et al., 2012).

The engineering specifications for every vibrating plat-
form are almost identical to the Earthquake Simulators used
at the University of Tokyo since 1893 to categorise building
construction types and how multidirectional vibrations affect
man-made structures (Reitherman, 2012). Using engineering
requirements and principles (Larbi et al., 2020), the vibrat-
ing machines must comply with a number of specifications
that relate to four factors: frequency, amplitude, direction,
and force. Although the recommendations include report-
ing the specifications of the vibrating platform, such as fre-
quency (vibration speed) and direction and amplitude (dis-
placement) along the X, Y, and Z axes (Rauch et al., 2010;
Wauestefeld et al., 2020), they do not recommend calculating
the kN force (multiplying a mass of “A” kilogrammes on a
platform that vibrates at a peak acceleration of “B” g-forces
equals the kN force), which will enable other researchers to
determine the maximum payload (mass) the plate can with-
stand. Should the maximum load be exceeded, it is possi-
ble that vibration performance, control, and frequency are
diminished, which emphasises the importance of ensuring
the vibration machine specifications are met whilst operating
under load, specifically when used in clinical trials (Kaed-
ing, 2015, 2017).

Also absent from the protocols implemented in the
included studies was the use of an accelerometer and force
transducer; specifically, to measure and report how the
vibration parameters were verified, which change over the
lifetime of the device (Kaeding et al., 2018; van Heuvelen
et al., 2021). The authors recommend the use of three-
dimensional tri-axial accelerometers that report X, Y, and Z
percentages and a force transducer to allow more accurate
between-study comparisons and indication of vibration sta-
bility and control.

Limitations and Future Research

The findings from this review should be considered in light
of some limitations. Firstly, although the inclusion criteria
were limited to randomised controlled trials in attempt to
include research reflecting the highest level of evidence,
methodology quality was poor across the included studies.
Secondly, the review included only studies involving peo-
ple with CP which limits our ability to comment on WBVT
adopted by authors investigating other conditions. Thirdly,
the purpose of this review was to investigate the methodo-
logical protocols adopted by research using WBVT for peo-
ple with CP, rather than comment on treatment efficacy;
however, future studies may explore how various machine
settings and patient positioning may influence efficacy of
WBVT in this population.

Based on the insights gained from this review, we sug-
gest a number of recommendations for future clinical trials
of WBVT for people with CP. Firstly, researchers should
measure and report machine specifications, particularly
the force of the machine(s), which should be verified by
an independent engineer: using accelerometers (multiple
locations on the platform if possible; disclosing the place-
ment on the machine) and the use of a force transducer prior
to a study being undertaken. Secondly, researchers should
report a measurement of loaded (with a range of weights)
and unloaded, and whether this range is appropriate for the
CP population being studied. The year of manufacture of the
machine should also be reported along with the service as
key parameters change as device componentry ages. Addi-
tionally, reporting of any modifications or alterations made
to the plate should be included. The authors also recom-
mended including clear photographs of the machine, accel-
erometers, and transducer placement, as well as the posi-
tioning of the participant with joint angles clearly marked.
Finally, we recommend that distinct intervention parameters
be developed for the different machine types, especially for
safety and effectiveness. A key factor to consider is the con-
text of the protocol in conjunction with the machine and its
original reason for development (Signorile, 2011).
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