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Abstract
Background: Cerebral palsy (CP) is the most common cause of physical disability in early childhood. Vibration
therapy (VT) is a promising rehabilitation approach for children with CP with potential to impact mobility, bone and
muscle health as demonstrated by extant research. However, it is still unclear how long therapy must be conducted
for and what the optimal vibration frequency is in order to gain health benefits.
Methods/design: The study is a randomized clinical trial evaluating and comparing the effects of two vibration
frequency (20 Hz vs 25 Hz) and duration protocols (12 weeks vs 20 weeks) of side-alternating VT on mobility and other
health parameters in children with CP. Children aged 5–12 years old with CP and GMFCS level I-III who are able to
understand instruction and safely stand are eligible for the study. Exclusion criteria include bone fracture within 12 weeks
of enrolment; acute conditions; the history of significant organic disease; the history of taking anabolic agents,
glucocorticoids, growth hormone, and botulinum toxin injection into lower limbs within 3 months of enrolment. All
participants will act as their own control with a 12-week lead-in period prior to intervention. The intervention period will
consist of 20 weeks of home- or school-based VT 9 min per day, 4 times a week. After the baseline assessment,
participants will be randomized to either a 20 Hz or 25 Hz vibration-frequency group. The primary outcome is mobility
measured by a 6-min walking test, with analysis performed on the principle of intention to treat. Secondary outcomes
include body composition, muscle strength, physical activity level, balance, gross motor function, respiratory function, and
quality of life. Participants will undergo four assessment visits over the study period: baseline, at weeks 12, 24, and 32.
Discussion: The results of the study will provide evidence-based insights into the health benefits of side-alternating VT as
a therapeutic tool in young children with cerebral palsy. The investigation of different vibration training protocols will
help define the optimal parameters of intervention protocols (duration, frequency) of side-alternating VT to maximize
outcomes on the health of 5–12-year-old children with CP.
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Background
Cerebral palsy (CP) is a group of disorders of the development of movement and posture, causing activity limitation
attributed to non-progressive disturbances that occurred in
the developing fetal or infant brain [1] with the estimated
prevalence of 2 per 1000 children [2, 3]. The most common
characteristic of CP is a motor impairment that embraces
reduced mobility, impaired motor skills, changes in muscle
tone and strength, restricted range of motion, and deterioration of balance and gait [4]. Improving mobility and functional activity is one of the main therapeutic goals for
children with CP [5]. Given the key factors contributing to
impaired mobility are muscle weakness and spasticity [6–8],
current therapies of children with CP include orthopedic
surgery, antispastic drug therapy, and a variety of muscle
strength rehabilitation tools [9, 10]. However, these interventions are time- and cost-consuming, complex, and require
specialized equipment and/or professional staff [11–13].
Vibration therapy (VT) was introduced about 20 years
ago as a prospective rehabilitation approach for children
and adults with CP. VT is well tolerated by children with
CP with no serious adverse effects reported [14–18]. The
most frequently described side effects include temporary
redness and itchiness of the leg skin that has an adaptive
effect [17, 19, 20]. To date, only one study has reported fatigue and pain as a reason of discontinuation single vibration sessions in fewer than 1% of training sessions with no
evidence that these effects had been caused by vibration
training [21]. VT has been found to be an effective and
cost-efficient method to improve muscle strength [15, 17],
decrease spasticity [17] and, consequently, improve mobility [16, 17, 21] in this population. In addition, previous
studies have reported VT to be effective in improving
muscle function [16, 17, 22], bone mineral density [16, 22,
23], gross motor function [17, 22], as well as the quality of
life [16] in children and young adults population. A recent
review by Ritzmann et al. (2018) that appraised 28 published studies on the effects of VT on functional, neuromuscular and structural parameters of patients with CP
revealed an emerging collective evidence that speaks to
the potential of VT in ameliorating the symptoms of the
disease in both short term (i.e., reducing reflex excitability,
spasticity, and coordination deficits) and long term (i.e.,
improving movement ability, increasing muscle mass and
bone mineral density) [24]. However, despite the promising results demonstrated by VT, its wider application is

limited by the heterogeneity of methodological approaches
used in extant research, with protocols varying in frequency and duration, which complicates the interpretation
of the results and the development of treatment protocols
[15, 17, 21–23, 25, 26]. In the reported longitudinal studies, the duration of the vibration training varied from 3 to
24 weeks and the target frequency of the vibration stimuli
ranged from 18 to 25 Hz [24]. To our knowledge, there
have been no published studies that compared the effect
of different duration and frequency parameters of sidealternating vibration therapy on the health outcomes of
children with CP in longitudinal studies. Therefore, it is
still unclear whether higher intensities and/ or longer interventions will bring more health benefits or not. As
summarized in the aforementioned systematic review of
extant research on the effectiveness of VT, “while the success of VT has been outlined clearly … systematic judgment on the choice of VT parameters requires further
investigation” ([24], p. 1623).
Available studies have also reported a diverse range of
outcomes [15, 17, 22, 23, 25, 26], which complicates the
comparison of the available data across studies. To date,
the only study with a comprehensive set of assessment
has been published by Gusso et al. (2016) and involved
adolescents and young adults with cerebral palsy. The
study found a positive effect of 20 weeks of sidealternating VT on mobility, muscle mass and function,
bone mineral density as well as the quality of life [16].
The findings were, however, limited to the adolescent
population and cannot be generalized to younger children due to the known impact of age, growth speed, puberty and sex hormone status on the muscle and bone
health, development, and mobility level [27–30]. Therefore, in designing the study and selecting the assessment
tools, we sought to conduct a robust assessment that
would provide a comprehensive insight into the effectiveness of VT on the health of children 5–12 years old
with CP (i.e., muscle function, muscle strength (isometric and dynamic), and bone health) and to evaluate the
effect of different parameters of VT on this population.
Apart from the musculoskeletal involvement, children
with CP may present with multiple medical conditions, including compromised respiratory function, which affects
the quality of life, hospitalization frequency, and life expectancy [31–34]. As shown in previous research, respiratory muscle weakness and poor cough both contribute to
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respiratory impairment in children with CP [35–37]. To
our knowledge, no studies have explored the impact of
VT on respiratory function in children with CP. Available
studies were conducted in the adult population with
chronic obstructive pulmonary disease [38, 39]. We
hypothesize that VT has the potential to improve respiratory function by improving the strength of diaphragm and
core muscles which play an important role in the breathing cycle and respiratory function [37, 40, 41].
Therefore, our study proposed to examine and compare the effect of two frequency and duration protocols
of side-alternating vibration therapy on mobility, muscle
and bone health, motor function, as well as respiratory
function and well-being in young children 5–12 years of
age with mild to moderate CP.

Methods
Study design

The study is designed as a randomized clinical study,
where all participants will act as their own control, with a
12-week lead-in period prior to the intervention (Fig. 1).
For the intervention part of the study, participants will be
randomized into two groups varying in the frequency of
vibration stimuli. The study was approved by the Health
and Disability Ethics Committee (Ministry of Health, New
Zealand; 19/NTB/2), and was registered with the Australian New Zealand Clinical Trials Registry (ANZCTR:
12618002026202). Institutional approval has been obtained from the Auckland District Health Board (ADHB).
Participants

Children aged 5–12 years with any type of cerebral palsy
and a GMFCS classification level I-III (very mild to moderate) are eligible for the study. Participants need to be
able to understand and follow protocol instructions and
safely stand on the vibration platform. Exclusion criteria
include a bone fracture within 12 weeks of enrolment;
acute thrombosis, tendinitis, nephrolithiasis, discopathy or
arthritis; history of clinically significant organic disease;
history of taking anabolic agents, glucocorticoids or
growth hormone for at least 1 month within 3 months of
enrolment; and a history of botulinum toxin injection into
lower limbs within 3 months of enrolment.
Recruitment

Potential participants will be identified from the ADHB
database using the described exclusion/inclusion criteria
(Fig. 1a). Those who fit the eligibility criteria will initially
be approached by pediatricians, nurses or physiotherapists with a short explanation and flyer of the study.
School physiotherapists at satellite schools in the Auckland area will also be notified about the study and will
be able to inform prospective participants. Self-referrals
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will also be accepted. Once parents/caregivers of a potential participant have indicated an interest in participating, they will be contacted by a member of the
research team to provide a detailed explanation concerning the study design, assessment tests, and vibration
therapy. A participant information sheet will then be
sent by email or regular mail. Two-five days later, the researchers will contact prospective families to answer any
questions, and if a family agrees to participate, the initial
appointment will then be scheduled.
Randomization

Randomization will be performed immediately after the initial assessment using an online random number generator
available at https://www.randomizer.org. Participants will
be allocated to either group 1 (VT frequency 20 Hz) or
group 2 (VT frequency 25 Hz). The same member of the
research team will enrol participants and assign them to
the intervention group. Given that the current study is part
of a PhD project, all the procedures (i.e., randomisation,
testing, VT sessions) will thus be run by the same member
of the research team, making the blinding of the researchers
unfeasible in this study. Additionally, the vibration frequencies produced by the Galileo™ vibration platform are readily
observable by both researchers and study participants,
which makes it unfeasible to ensure blinding not only at
the randomization but the intervention stage as well.
Control period

The control period will start immediately after the first
assessment visit and will last 12 weeks (Fig. 1a). During
the control period, participants will continue their usual
activities and care.
Intervention

Following the control period, a 20-week intervention
period will start. It will consist of 4 vibration sessions a
week performed on Galileo Basic vibration plates (Novotec Medical, Pforzheim, Germany). Participants will start
from three 1-min bouts of vibration training at the frequency of 12 Hz with a gradual increase of both frequency
and duration over the first 4 weeks to achieve the target
frequency and time (3 sets of 3 min vibration training alternating with 3-min breaks between them). The target
frequency of the vibration will vary depending on the
intervention group (either 20 Hz or 25 Hz) and will be
maintained for the remainder of the intervention period.
Other parameters will be kept comparable in both treatment groups: amplitude – 2-4 mm, acceleration – maximum 11.4 g. Participants will stand barefoot on the plate
with knees slightly bent, back straight, and arms free. For
participants with poor balance, an adjustable metal frame
will be used for safety purposes.
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Fig. 1 Study design. a Study flow diagram. b Study design scheme
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The vibration therapy frequencies (20 Hz vs 25 Hz)
have been selected based on current literature and the
Galileo vibration platforms manufacturing specifications. According to the latter, the main effect of low
frequencies (12–20 Hz) lies in an improvement of
muscle function and coordination whereas high frequencies (more than 20 Hz) have an impact on muscle
power and muscle force [42]. According to the literature, 20 Hz is a typically recommended frequency for
children with cerebral palsy [43]. In addition, 20 Hz has
been shown to be the safest of low frequencies due to
low vibration transmissibility to the head [19] and better coordination and posture stabilisation during the vibration training sessions [44]. 25 Hz was chosen as it is
the highest frequency that has been used in long-term
studies of side-alternating vibration training that involved children with cerebral palsy and that has demonstrated no severe adverse effects [24]. To summarize,
the two frequencies were selected since they provide
the optimal combination of expected results, as informed by extant literature and equipment specifications, and adherence to the ethical obligation of not
compromising the patients’ safety.
Families have two options for where to perform the
training: either at home or at a child’s school. In the case
of home-based VT, parents/caregivers will have an instruction session at the Liggins Institute at the end of the
second assessment visit on how to perform VT and provide supervision of home sessions. In order to monitor
progress and provide feedback/support, a member of the
research team will supervise home-based VT once every 2
weeks for the first 8 weeks and once a month for the
remaining 12 weeks. In addition, parents/caregivers will be
contacted by phone/ email for the follow-up. Vibration
therapy at schools will be supervised by a member of the
research team. Before the team member enters the school,
an agreement form will be signed by the school’s principal/deputy principal to allow access. Parents of children
who are performing vibration therapy at school sites will
be followed up with in person (e.g. during assessment
visits) as well as by phone and/or email.
Participants will be provided a VT diary with specifications of the frequency and duration of VT for each training session and will be asked to record the completed
sessions, reasons for skipping sessions and comments
regarding any adverse events.
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Secondary outcomes

The secondary outcomes include body composition,
muscle power, physical activity level, balance, gross motor
function, respiratory function, and quality of life. All the
outcomes will be assessed four times over the study
period: baseline, at 12, 24, and 32 weeks (Fig. 1b).
Other aims and outcomes

Participants’ fall history will be obtained using parents/
caregivers recalls/reports of falls frequency and reasons
during the study period by completing a falls diary.
Clinical assessments/data collection

All participants will have four assessment visits at the
Maurice and Agnes Paykel Clinical Research Unit (Liggins
Institute, The University of Auckland) (Fig. 1b): 1 – baseline (T0), 2–12 weeks after the lead-in period (control)
(T1), 3 – after 12 weeks of vibration therapy (T2), 4 – after
completing 20 weeks of vibration therapy (T3). During the
first visit, written informed consent will be obtained from a
participant’s parent/guardian and, if possible, a child assent
form from participants older than 7 years old. Information
on demographic, ethnicity, medical history (including the
history of birth, comorbidities, previous surgery, Botox injections, injuries, and admissions to the hospital) and medications currently taken will be recorded. We also will
collect information on the frequency and duration of activities children undergo at school (e.g., physical education
classes) and out of school (e.g., swimming, horse riding,
walking with a dog, etc.). The procedures will be similar for
all four visits and will also include anthropometric measurements, resting blood pressure and heart rate, mobility,
body composition, muscle function, physical activity, gross
motor function and respiratory function assessments, and
the quality-of-life questionnaire.
Anthropometric data

Height will be measured using a wall-fixed Harpenden
Stadiometer (Holtain Ltd., Crymych, UK) three times, and
the average of the three will be recorded to the nearest
0.1 cm. Weight will be measured on the calibrated electronic scale (Wedderburn WM206., NZ) without shoes
and outerwear, when possible, to the nearest 0.1 kg. Based
on the height and weight data, the Body mass index will
be calculated electronically, using an online calculator
available at https://www.heartfoundation.org.nz and recorded in kg/m2.

Primary outcome

The primary outcome measure is mobility, which will be
assessed by the distance walked in the 6-min walk test
(6MWT) at four-time points: baseline, in 12 weeks (the
end of the control period), after 12 weeks of vibration
therapy, and after completing 20 weeks of vibration therapy (Fig. 1b).

Blood pressure, heart rate, and oxygen saturation

Blood pressure, heart rate, and oxygen saturation will be
measured on the dominant arm in a sitting position after 10
min of rest prior to the start of functional tests. We will use
a standard manual mercury sphygmomanometer with an
appropriately-sized cuff to measure blood pressure and a
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finger sensor to record oxygen saturation and heart rate
(Dinamap ProCare 100, GE Healthcare, Freiburg, Germany).
Mobility

Two tests, a 6MWT and a 10-m walk test (10MWT), will
be used to assess mobility. The 6MWT has been shown to
be safe, easy to perform, reliable and valid in children with
CP [45] and has been widely used in clinical trials in this
population [16, 17, 46]. For the 6MWT, participants will
be asked to walk as fast as they can between 2 cones separated by 25 m along a long, flat, straight indoor corridor
for 6 min [47]. They will be able to stop and rest if required, and then continue walking until the 6 min are up.
During the test, children will be closely supervised by an
assessor and will be given standardized 6MWT instructions and encouragement [45, 48]. The total distance covered will be recorded to the nearest 0.5 m, along with the
time taken to reach individual milestones (25 m). The participant’s perceived exhaustion will be assessed by using
the OMNI-walk/run RPE scale before and after the test
[49]. The test will be performed with shoes on; children
may use their walking aid or orthotics, but not a wheelchair, to complete the test. For the 10MWT, a child will
be instructed to walk as fast as (s) he can. The time to
cover 6 m will be recorded, with two meters given for acceleration and two meters for deceleration. The test will
be performed three times; the best time to the nearest
hundredth of a second will be taken to calculate the walking speed (meters/sec). Verbal encouragement will be
given during the walking task. The same assessor will be
timing, with a stopwatch, all the participants to minimize
the effect of human errors on the outcome. For both tests,
if walking aids and orthotics are used, a note will be made
in the record, and they will be consistently used for all 4
visits assessments.
Muscle function status

Muscle function status will be measured by a number of assessments. Muscle strength will be measured with a handheld dynamometer (MicroFET2, Hoggan Scientific, USA).
Hand-held dynamometry has been reported as a reliable
and valid measurement tool to assess muscle strength in
clinical settings [50, 51]. Five muscle groups of the lower
extremities (hip flexors and extensors, knee flexors and
extensors, and ankle dorsiflexors) will be assessed using a
“make”-technique [50]. The test will be performed by
the same examiner, with the testing sequence kept in
the same order at all the assessments. Standard instructions of “push as hard as you can” will be given to
participants for each trial; consistent verbal encouragement will be given to children during timed, 3-s contraction period for all trials. Measurements will be
performed three times for each muscle group with 30 s
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interval rest between assessments. The average of the
three measurements will be taken for analysis.
The Leonardo™ Mechanography Ground Reaction Force
Plate (Novotec Medical, Pforzheim, Germany) will be used
to assess dynamic muscle function by chair rising test
(CRT) and single two-leg jump test (S2LJT) [52]. The
Force Plate has been reported as a reliable and valid instrument in children with CP [53]. The CRT test will be
performed with a specially designed seat (Novotec Medical, Pforzheim, Germany) placed on the plate, with participants standing up and sitting down 5 times in a row as
fast as possible with arms on chest. The test will be performed three times, with the best result recorded. For analysis, the total time to complete the test, maximum force
and power in both legs will be used. For S2LJT, participants will be instructed to jump as high as possible using
both legs and landing on the forefoot. The test will be performed three times after one practice, with the best result
recorded. Variables of interest include the maximal jump
height (m), the maximal total power per body weight (W/
kg), maximal total force (kN), maximal velocity (m/s), and
the Esslinger Fitness Index.
Balance

The balance will be tested using the Leonardo™ Mechanography Ground Reaction Force Plate (Novotec Medical,
Pforzheim, Germany) with the participant standing still
with free arms for 10 s in three different positions: on both
legs, on the right, and on the left leg (if a child can balance
on one leg). The best result of the three trials will be recorded. The outcome parameter of the test is the standard
ellipse area (cm2), which identifies postural stability [54].
Gross motor function measure

Gross motor function measure (GMFM) is a clinical tool
designed to evaluate changes in gross motor function in
children with cerebral palsy both in clinical practice and
for research purposes [55, 56]. It has demonstrated good
test-retest reliability and responsiveness [57], and high
construct validity [58, 59]. We will assess two dimensions from the original 88-item measure (GMFM-88): D
(standing) and E (walking, running, jumping) [56]. The
test will be performed in a playroom of the Clinical research unit at the Liggins Institute by the same research
team member.
Respiratory function

The respiratory function will be tested using a CareFusion MicroLab MK8 spirometer (Care Fusion; Chatham,
Kent, UK). Before each measurement, the spirometer
will be calibrated. Participants will be rested for 10 min
before measurements. Before starting the test, subjects
will be instructed on the test procedure, which will then
be demonstrated by a researcher. A nose clip will be
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used during the test. Participants will perform a maximum forced inhalation (instructions: “Breath in as hard
as you can”), followed by a powerful, quick, forced expiration (instructions: “Breath out as fast and as hard as
you can”). At least three technically appropriate measurements will be performed, with the best result taken
for statistical analysis. Measures will include forced vital
capacity (FVC) (L), forced expiratory volume in 1 s
(FEV1) (L), and ratio FEV1/FVC.
Body composition

Dual-energy X-ray absorptiometry (DXA) (Lunar Prodigy 2000, General Electric, Madison, WI, USA) will be
used to determine body composition, including lean
mass, percentage fat, bone mineral density (BMD) and
bone mineral content (BMC). DXA is a safe, standardized instrument to measure bone density both in clinical
settings and for research purposes [60]. A calibration
check of the DXA machine will be performed on the day
prior to starting measurements. We will perform two
scans on each participant: total body and lumbar spine,
that are recommended by the International Society for
Clinical Densitometry, as the most accurate and reproducible sites in children to assess the BMD [60]. Total
body, leg and trunk lean mass, and total fat mass will be
derived from the total body DXA scan. The BMD and
BMC of total body less head (TBLH) and lumbar spine
(L1-L4) results will be presented and analyzed in real
values (derived from the machine) and height-adjusted
values (uses Lunar international reference database [61]).
The necessity of presenting height-adjusted values in the
pediatric population has been widely discussed and recognized as appropriate given the impact of short/ tall
stature on the densitometry results.
Physical activity

An activPAL™ accelerometer (PAL Technologies Ltd., Glasgow, UK) will be used to assess participants’ free-living
physical activity over 5 consecutive days following their assessment [62]. A 5-day monitoring period was chosen following Ishikawa et al.’s (2013) recommendations, who
validated activPAL™ as a reliable measurement tool for children with CP GMFCS levels I–III age 2–14 years old [63].
ActivPAL™ will be attached to the mid-thigh of the dominant leg using a waterproofed dressing. A member of the research team will follow up with families via phone or email
in 2 days (36–48 h) after the assessment visit to ensure
there are no concerns or issues with the device being used.
The average number of steps per day, as well as time of sitting/lying/stepping activities, will be analysed.
Quality-of-life evaluation

Parents/caregivers will be asked to complete the Cerebral Palsy Quality of Life Questionnaire for Primary
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Caregiver (CP QOL) to evaluate child social and school
well-being, feelings about functioning, pain and impact
of disability, general well-being and participation, communication and physical health as well as family health
(66 items in total). The questionnaire has shown strong
psychometric properties [64] and is widely used for research purposes [16, 65]. To avoid the different perception of the child’s well-being by parents/caregivers, the
same person will be asked to fill the questionnaire
throughout the duration of the study. The total score
and score for each domain will be calculated and
analyzed.
Data collection and management

All data collected will remain confidential. Each participant will be entitled with a unique code and all data and
information will be subsequently coded. Only researches
will be able to match code with a subject. All collected
data and information will be stored in locked cabinets
and in a secure computer database which will be
accessed only by the study investigators with a password.
Data will be stored in common data formats (.pdf, .txt,
.csv) on a secure server for a minimum of 10 years. Hard
copies of all assessments and personal information will
be stored in a locked cabinet at the Liggins Institute. Scientific data will be used in scientific publications, presentations, and the student PhD thesis. No person will
be identifiable from the analysis and publications.
Safety monitoring process

To monitor safety, the study’s internal safety monitoring
committee has been created. The committee will have
meetings on a quarterly basis. In case of a serious adverse event(s), the committee will have meetings more
frequently. Continued communication with patients/
families during the intervention period will assist in
identifying adverse events. Participants and their families
will be asked to record and immediately report any adverse events that may be associated with VT, including
tiredness or pain. All adverse events will be reported to
and discussed by the safety monitoring committee.
Vibration therapy will be discontinued in any participant who experiences excessive or persistent pain/aching; experiences bone fractures or any illness that would
preclude training. The study will be terminated by the
committee if two serious adverse events of the same nature will be registered.
Statistical considerations
Sample size

The sample size calculation was performed in GPower
software version 3.1.9.2. For the calculation, we used the
mean and standard deviation obtained in the 6MWT
from the clinical trial performed of 40 participants with
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cerebral palsy [14]. Setting the level of statistical significance at 0.05 and power at 0.95, a minimum size of 44
participants for two groups was found. Considering a
10% drop-out rate, the final sample will include 48 participants in total, with 24 for each intervention group.
Data analyses

The data will be entered into an Excel workbook on
password-protected computers, and later exported into
SPSS v25 (IBM Corp, Armonk, NY, USA) and SAS v9.4
(SAS Institute, Cary, NC, USA) for statistical analyses.
Baseline demographic and clinical characteristics of participants will be summarised by trial group allocation. Treatment evaluation of the primary outcome (i.e. mobility or
distance covered during the 6-min walk test) will be performed on the principle of intention to treat, using data
collected from all randomised participants. Data will be
analysed using random effects mixed models with
repeated measures, to account for the non-independence
of measurements on the same participant. Models will
incorporate as fixed effects the trial group allocation (20
vs 25 Hz), time-point (assessment II, III, or IV), and their
interactions as fixed effects, as well as the participant’s
GMFCS level; in addition, the baseline value of the outcome variable will be included as a covariate. There will
be no imputation of missing data, as based on our previous studies, we expect very limited or no loss to followup. Nonetheless, for a small subset of secondary outcomes, such as certain functional tests on the Leonardo
platform that cannot be performed by participants with
GMFCS level III, only subgroup analyses will be carried
out including solely participants with GMFCS level I-II.
Model-adjusted differences between randomization
groups and within groups (including the potential effects
of treatment duration) will be calculated and reported
with 95% confidence intervals. All statistical tests will be
two-sided at p < 0.05, without adjustments for multiple
comparisons.

Discussion
This clinical trial protocol has several characteristics that
distinguish it from previous studies investigating the effectiveness of side-alternating VT in children with CP. Firstly,
it evaluates more physical capabilities and health assessment than previous studies including the testing of mobility, body composition, muscle function, gross motor
function, respiratory function, and quality of life. To our
knowledge, this is the first study that conducts such a comprehensive analysis of the VT effect in children with CP in
the age group of 5–12 years old. This approach advances
the understanding of the side-to-side alternating vibration
training as a therapeutic tool in young children with CP.
Secondly, our study compares the effectiveness of two
different VT frequencies: 20 Hz vs 25 Hz. Previous long-

Page 8 of 10

term studies on the side-alternation VT applied vibration
at different levels of target frequency that varied from 18
Hz to 25 Hz [15, 16, 21, 23, 26]. While the effect of different VT frequencies has been discussed in the literature,
no studies have compared the impact of them on children
with CP in the same protocol of assessments [24].
Lastly, the study will allow us to compare the effect of
short - term (12 weeks) and long-term (20 weeks) VT in
children with CP. Twenty weeks intervention period was
chosen as a minimal optimal period to promote changes in
muscle and bone mass, which was demonstrated in a previously published study by Gusso et al. [16]. Comparing the
effects of short-term VT with long-term VT will help us
better understand to what extent the short-term VT exposure could promote and optimize outcome parameters or a
more prolonged intervention period is required.
The main limitation of the study is the lack of a control group. We decided to utilize a study design where
each participant acts as their own control for a number
of reasons. Foremost, children with CP present a heterogeneous population with a variety of symptoms, which
makes randomization with control and intervention
groups problematic [66] and using each child as their
own control adjusts for these issues. In this study, each
participant serves as his/her own control, with the control period followed by an intervention period. This design has additional advantages. First, it eliminates the
variability on the VT response due to participants’ individual characteristics because the statistical analysis is
based on the within-subject comparison. Second, it is
suitable for the CP population as their symptoms tend
to be stable over time [1].
Another anticipated limitation of the study is that the
number of the participants who have completed intended
assessments may be uneven due to some subjects’ inability
to perform some tests (e.g., S2LJT, chair rising test). However, we do not expect this to be a serious limitation, because, according to the eligibility criteria, children with a
high level of disability will not be enrolled in the study.
In summary, the proposed study will expand the knowledge on the efficacy and effectiveness of side-alternating
VT in children ages 5 to 12 years with mild to moderate
CP. It will help understand the benefits and applicability
of vibration therapy to improve the muscle and bone
health, mobility, and other health aspects. As a result, the
study will assist in defining more robust guidelines for the
use of vibration therapy in young children with CP and
will provide actionable insights to physiotherapists, families and the affected individuals into the optimal ways to
use this therapeutic approach.
Abbreviations
ANZCTR: Australian New Zealand Clinical Trials Registry; CP: Cerebral palsy;
VT: Vibration therapy; ADHB: Auckland District Health Board; GMFCS: Gross
Motor Function Classification System; 6MWT: 6-min walk test; 10MWT: 10-m

Adaikina et al. BMC Pediatrics

(2020) 20:508

walk test; RPE: Rated Perceived Exertion; CRT: Chair rising test; S2LJT: Single
two-leg jump test; MAS: Modified Ashworth Scale; GMFM: Gross motor
function measure; FVC: Forced vital capacity; FEV1: Forced expiratory volume
in 1 s; DXA: Dual-energy X-ray absorptiometry; BMD: Bone mineral density;
BMC: Bone mineral content; TBLH: Total body less head; CP QOL: Cerebral
Palsy Quality of Life Questionnaire; ANOVA: One-way analysis of variance

Page 9 of 10

7.
8.
9.

Acknowledgments
We would like to acknowledge Janene Biggs for her help with assessment tests,
Dr. José G B Derraik for the statistical consultations, and Renuka Mahadevan
and Janice Taylor for assistance with recruitment. We would also like to thank
all the children and parents who currently participate in this study.

10.

Authors’ contributions
AA has drafted the manuscript, contributed to the study design and will be
coordinating the study and undertaking the assessments. PLH contributed to
the study design. SG designed the study and contributed to the manuscript.
AA, PLH, and SG have been involved in revising the manuscript. All authors
have given final approval of the version to be published.

12.

Funding
AA and study expenses are funded by a grant from the Jubilee Crippled
Children Foundation Trust. The Jubilee Crippled Children Foundation Trust
has no role in the design of the study; collection, analysis, and interpretation
of data; and in writing the manuscript.

11.

13.

14.

15.

Availability of data and materials
Not applicable.

16.

Ethics approval and consent to participate
The study protocol (version number 2; dated 26/02/2019) was approved by
the Health and Disability Ethics Committee (Ministry of Health, New Zealand;
19/NTB/2), and was registered with the Australian New Zealand Clinical Trials
Registry (ANZCTR: 12618002026202). Institutional approval has been obtained
from the Auckland District Health Board (ADHB). Written consent will be
obtained from all parents/guardians before the first assessment. Oral/ written
assent will be obtained from the participating child older than 7 years old
when possible.
The manuscript adheres to the SPIRIT guidelines for protocols.

17.

18.

19.
20.
21.

Consent for publication
Not applicable.

22.

Competing interests
The authors declare that they have no competing interests.
23.
Author details
1
Liggins Institute, University of Auckland, Auckland, New Zealand.
2
Department of Exercise Sciences, University of Auckland, Auckland, New
Zealand.

24.
25.

Received: 6 March 2020 Accepted: 7 October 2020
26.
References
1. Bax M, Goldstein M, Rosenbaum P, Leviton A, Paneth N, Dan B, et al.
Proposed definition and classification of cerebral palsy, April 2005. Dev Med
Child Neurol. 2005;47(8):571–6.
2. St. Geme JW, Nelson WE, Kliegman R, Stanton B, St. Geme JW, Schor NF,
et al. Nelson textbook of pediatrics. 20th ed. Philadelphia: Elsevier; 2016.
3. Zeitlin J, Mohangoo A, Delnord M. European perinatal health report: health
and care of pregnant women and babies in Europe in 2010. Paris: EuroPeristat; 2010 [cited 2019 Dec 21]. http://www.europeristat.com/reports/
european-perinatal-health-report-2010.html.
4. Gormley ME Jr. Treatment of neuromuscular and musculoskeletal problems
in cerebral palsy. Pediatr Rehabil. 2001;4(1):5–16.
5. Koman L, Smith B, Shilt J. Cerebral palsy. Lancet. 2004;363(9421):1619–31.
6. Himmelmann K, Beckung E, Hagberg G, Uvebrant P. Bilateral spastic cerebral
palsy—prevalence through four decades, motor function and growth. Eur J
Paediatr Neurol. 2007;11(4):215–22.

27.

28.
29.

30.

31.

Shortland A. Muscle deficits in cerebral palsy and early loss of mobility: can
we learn something from our elders? Dev Med Child Neurol. 2009;51:59–63.
Damiano DL. Activity, activity, activity: rethinking our physical therapy
approach to cerebral palsy. Phys Ther. 2006;86(11):1534–40.
Dimitrijević L, Čolović H, Spalević M, Stanković A, Zlatanović D, Cvetković B.
Assessment and treatment of spasticity in children with cerebral palsy. Acta
Fac Med Naiss. 2014;31(3):163–9.
Damiano DL, Alter KE, Chambers H. New clinical and research trends in
lower extremity management for ambulatory children with cerebral palsy.
Phys Med Rehabil Clin. 2009;20(3):469–91.
Rogers A, Furler BL, Brinks S, Darrah J. A systematic review of the
effectiveness of aerobic exercise interventions for children with cerebral
palsy: an AACPDM evidence report. Oxford: UK; 2008. p. 808–14.
Scholtes VA, Becher JG, Comuth A, Dekkers H, van Dijk L, Dallmeijer AJ.
Effectiveness of functional progressive resistance exercise strength training
on muscle strength and mobility in children with cerebral palsy: a
randomized controlled trial. Dev Med Child Neurol. 2010;52(6):e107–e13.
Yasuaki K, Osamu N, Atsushi M, Kenji T, Tadamitsu M. Factors contributing
to satisfaction with changes in physical function after orthopedic surgery
for musculoskeletal dysfunction in patients with cerebral palsy. PLoS One.
2016;11(5):e0154749.
Saquetto M, Carvalho V, Silva C, Conceicao C, Gomes-Neto M. The effects of whole
body vibration on mobility and balance in children with cerebral palsy: a systematic
review with meta-analysis. J Musculoskelet Neuronal Interact. 2015;15(2):137–44.
El-Shamy SM. Effect of whole-body vibration on muscle strength and
balance in diplegic cerebral palsy: a randomized controlled trial. Am J Phys
Med Rehabil. 2014;93(2):114–21.
Gusso S, Munns C, Colle P, Derraik J, Biggs J, Cutfield W, et al. Effects of
whole-body vibration training on physical function, bone and muscle mass
in adolescents and young adults with cerebral palsy. Sci Rep. 2016;6:22518.
Ibrahim MM, Eid MA, Moawd SA. Effect of whole-body vibration on muscle
strength, spasticity, and motor performance in spastic diplegic cerebral palsy
childrenEffect of whole-body vibration. Egypt J Med Hum Genet. 2014;15(2):173–9.
Semler O, Fricke O, Vezyroglou K, Stark C, Schoenau E. Preliminary results on
the mobility after whole body vibration in immobilized children and
adolescents. J Musculoskelet Nueronal Interact. 2007;7(1):77.
Rittweger J. Vibration as an exercise modality: how it may work, and what
its potential might be. Eur J Appl Physiol. 2010;108(5):877–904.
Rittweger J, Beller G, Felsenberg D. Acute physiological effects of exhaustive
whole-body vibration exercise in man. Clin Physiol. 2000;20(2):134–42.
Ruck J, Chabot G, Rauch F. Vibration treatment in cerebral palsy: a randomized
controlled pilot study. J Musculoskelet Neuronal Interact. 2010;10(1):77–83.
Stark C, Nikopoulou-Smyrni P, Stabrey A, Semler O, Schoenau E. Effect of a
new physiotherapy concept on bone mineral density, muscle force and
gross motor function in children with bilateral cerebral palsy. J
Musculoskelet Neuronal Interact. 2010;10(2):151.
Lee B-K, Chon S-C. Effect of whole body vibration training on mobility in
children with cerebral palsy: a randomized controlled experimenter-blinded
study. Clin Rehabil. 2013;27(7):599–607.
Ritzmann R, Stark C, Krause A. Vibration therapy in patients with cerebral
palsy: a systematic review. Neuropsychiatr Dis Treat. 2018;14:1607–25.
Kilebrant S, Braathen G, Emilsson R, Glansen U, Soderpalm AC, Zetterlund B,
et al. Whole-body vibration therapy in children with severe motor
disabilities. J Rehabil Med. 2015;47(3):223–8.
Ko M-S, Sim YJ, Kim DH, Jeon H-S. Effects of three weeks of whole-body vibration
training on joint-position sense, balance, and gait in children with cerebral palsy:
a randomized controlled study. Physiother Can. 2016;68(2):99–105.
Perez-Lopez FR, Chedraui P, Cuadros-Lopez JL. Bone mass gain during
puberty and adolescence: deconstructing gender characteristics. Curr Med
Chem. 2010;17(5):453–66.
Clarke BL, Khosla S. Female reproductive system and bone. Arch Biochem
Biophys. 2010;503(1):118–28.
Neu CM, Rauch F, Rittweger J, Manz F, Schoenau E. Influence of puberty on
muscle development at the forearm. Am J Physiol Endocrinol Metab. 2002;
283(1):E103–E7.
Palisano RJ, Hanna SE, Rosenbaum PL, Tieman B. Probability of walking,
wheeled mobility, and assisted mobility in children and adolescents with
cerebral palsy. Dev Med Child Neurol. 2010;52(1):66–71.
Young NL, McCormick AM, Gilbert T, Ayling-Campos A, Burke T, Fehlings D,
et al. Reasons for hospital admissions among youth and young adults with
cerebral palsy. Arch Phys Med Rehabil. 2011;92(1):46–50.

Adaikina et al. BMC Pediatrics

(2020) 20:508

32. Boel L, Pernet K, Toussaint M, Ides K, Leemans G, Haan J, et al. Respiratory
morbidity in children with cerebral palsy: an overview. Dev Med Child
Neurol. 2019;61(6):646–53.
33. Meehan E, Freed G, Reid S, Williams K, Sewell J, Rawicki B, et al. Tertiary
paediatric hospital admissions in children and young people with cerebral
palsy. Child Care Health Dev. 2015;41(6):928–37.
34. Pilla M, Langlois NE, Byard RW. Causes of death in a series of decedents with
cerebral palsy in a medicolegal context. Aust J Forensic Sci. 2018;50(4):428–34.
35. Seddon PC, Khan Y. Respiratory problems in children with neurological
impairment. Arch Dis Child. 2003;88(1):75.
36. Blackmore AM, Bear N, Blair E, Gibson N, Jalla C, Langdon K, et al.
Prevalence of symptoms associated with respiratory illness in children and
young people with cerebral palsy. Dev Med Child Neurol. 2016;58(7):780.
37. Keles MN, Elbasan B, Apaydin U, Aribas Z, Bakirtas A, Kokturk N. Effects of
inspiratory muscle training in children with cerebral palsy: a randomized
controlled trial. Brazilian J Phy Ther. 2018;22(6):493–501.
38. Furness T, Joseph C, Naughton G, Welsh L, Lorenzen C. Benefits of wholebody vibration to people with COPD: a community-based efficacy trial. BMC
Pulm Med. 2014;14(1):38.
39. Cardoso M d SC, Sayão LB, Souza RMP, de Melo Marinho PÉ. Pulmonary
rehabilitation and whole-body vibration in chronic obstructive pulmonary
disease. Mot Rev Educ Fis. 2016;22(2):44–50.
40. Maish MS. The diaphragm. Surg Clin North Am. 2010;90(5):955–68.
41. Key J. ‘The core’: understanding it, and retraining its dysfunction. J Bodyw
Mov Ther. 2013;17(4):541–59.
42. Sharlet R. Soviet legal reform in historical context. Colum J Transnat’l L.
1990;28:5.
43. Pin TW, Butler PB, Purves S. Use of whole body vibration therapy in
individuals with moderate severity of cerebral palsy-a feasibility study. BMC
Neurol. 2019;19(1):80.
44. Rittweger J, Ehrig J, Just K, Mutschelknauss M, Kirsch K, Felsenberg D. Oxygen
uptake in whole-body vibration exercise: influence of vibration frequency,
amplitude, and external load. Int J Sports Med. 2002;23(06):428–32.
45. Maher AC, Williams TM, Olds ST. The six-minute walk test for children with
cerebral palsy. Int J Rehabil Res. 2008;31(2):185–8.
46. Cheng H-YK JY-Y, Chen C-L, Chuang L-L, Cheng C-H. Effects of whole body
vibration on spasticity and lower extremity function in children with
cerebral palsy. Hum Mov Sci. 2015;39:65–72.
47. Crapo RO, Casaburi R, Coates AL, Enright PL, MacIntyre NR, McKay RT, et al.
ATS statement: guidelines for the six-minute walk test. Am J Respir Crit Care
Med. 2002;166(1):111–7.
48. Geiger R, Strasak A, Treml B, Gasser K, Kleinsasser A, Fischer V, et al. Six-minute
walk test in children and adolescents. J Pediatr. 2007;150(4):395–9.e2.
49. Fragala-Pinkham M, O’Neil ME, Lennon N, Forman JL, Trost SG. Validity of
the OMNI rating of perceived exertion scale for children and adolescents
with cerebral palsy. Dev Med Child Neurol. 2015;57(8):748–53.
50. Stark T, Walker B, Phillips JK, Fejer R, Beck R. Hand-held dynamometry
correlation with the gold standard isokinetic dynamometry: a systematic
review. PM&R. 2011;3(5):472–9.
51. Taylor NF, Dodd KJ, Graham HK. Test-retest reliability of hand-held
dynamometric strength testing in young people with cerebral palsy. Arch
Phys Med Rehabil. 2004;85(1):77–80.
52. Fricke O, Weidler J, Tutlewski B, Schoenau E. Mechanography—a new device
for the assessment of muscle function in pediatrics. Pediatr Res. 2006;59(1):46.
53. Duran I, Martakis K, Stark C, Alberg E, Bossier C, Semler O, et al. Experience
with jumping mechanography in children with cerebral palsy. J
Musculoskelet Neuronal Interact. 2017;17(3):237.
54. Bendo A, Kuvarati S, Skënderi D, Veveçka A. A theoretical study on the
evaluation of the stability and postural sway, based on the results of
confidence ellipse. Int J Sci Res. 2013;6(14):1776–9.
55. Harbourne RT, Willett S, Kyvelidou A, Deffeyes J, Stergiou N. A comparison
of interventions for children with cerebral palsy to improve sitting postural
control: a clinical trial. Phys Ther. 2010;90(12):1881–98.
56. Russell DJ, Hart HM. Gross motor function measure (GMFM-66 & GMFM-88)
user’s manual. 2nd ed. London: Mac Keith Press; 2013.
57. Ko J, Kim MY. Reliability and responsiveness of the gross motor function
measure-88 in children with cerebral palsy. (Research Report) (Clinical
report). Phys Ther. 2013;93(3):393.
58. Lundkvist Josenby A, Jarnlo G-B, Gummesson C, Nordmark E. Longitudinal
construct validity of the GMFM-88 total score and goal total score and the
GMFM-66 score in a 5-year follow-up study. Phys Ther. 2009;89(4):342–50.

Page 10 of 10

59. Brunton LK, Bartlett DJ. Validity and reliability of two abbreviated versions of
the gross motor function measure. Phys Ther. 2011;91(4):577–88.
60. Lewiecki EM, Watts NB, McClung MR, Petak SM, Bachrach LK, Shepherd JA,
et al. Official positions of the international society for clinical densitometry. J
Clin Endocrinol Metab. 2004;89(8):3651–5.
61. Fan B, Shepherd JA, Levine MA, Steinberg D, Wacker W, Barden HS, et al.
National Health and nutrition examination survey whole-body dual-energy
X-ray absorptiometry reference data for GE lunar systems. J Clin Densitom.
2014;17(3):344–77.
62. Dowd KP, Harrington DM, Bourke AK, Nelson J, Donnelly AE. The
measurement of sedentary patterns and behaviors using the activPAL™
professional physical activity monitor. Physiol Meas. 2012;33(11):1887.
63. Ishikawa S, Kang M, Bjornson KF, Song K. Reliably measuring ambulatory
activity levels of children and adolescents with cerebral palsy. Arch Phys
Med Rehabil. 2013;94(1):132–7.
64. Carlon S, Shields N, Yong K, Gilmore R, Sakzewski L, Boyd R. A systematic
review of the psychometric properties of quality of life measures for school
aged children with cerebral palsy. BMC Pediatr. 2010;10(1):81.
65. Tsoi WSE, Zhang L, Wang W, Tsang K, Lo SK. Improving quality of life of
children with cerebral palsy: a systematic review of clinical trials. Child Care
Health Dev. 2012;38(1):21–31.
66. Venkatraman P, Anand S, Dean C, Nettleton R. Clinical trials in wound care I:
the advantages and limitations of different clinical trial designs. J Wound
Care. 2002;11(3):91–4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

