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Abstract
Purpose Low levels of physical activity often observed in pediatric oncology might be attributed to various functional deficits,
especially those of the lower limbs as these affect gait, mobility, and, consequently, physical activity. In the past few years, whole-
body vibration (WBV) has emerged as a new therapy modality for improving physical functioning. Although WBV is increas-
ingly applied in children with disabilities, its impact on lower limb function in pediatric cancer patients and survivors has not yet
been investigated.
Methods To establish whether there is evidence that WBV may be beneficial for pediatric cancer patients and survivors, this
review summarizes current data on WBV studies among children with disabilities and extracts relevant information for the
pediatric cancer population. Two independent reviewers performed a systematic literature search following the PRISMA
guidelines.
Results Nine studies were included in the analysis. Results demonstrate that WBV is a safe, highly compliant, and effective
approach in cohorts of children with disabilities. The largest effects of WBV were observed in lower extremity muscle mass and
strength, balance control, gait, and walking ability. Furthermore, we were able to develop first recommendations for WBV
protocols.
Conclusions WBV seems to be feasible and effective for improving parameters that may be relevant to the pediatric cancer
population. Efforts are needed to conduct first WBV interventions in children with cancer proving the effects. The developed
recommendations for WBV protocols might help to implement these intervention studies.
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Introduction

Physical inactivity is a major concern in pediatric oncology.
Various studies report low levels of physical activity (PA) in
pediatric cancer patients [1–3], which do often not recover
after cessation of medical treatment and can even persist well
into children’s adulthood [4–7]. These low levels of PA might
be attributed to various functional deficits often observed in
the pediatric cancer population, especially those of the lower
limbs as these affect gait, mobility, and, consequently, PA. The
most commonly reported deficits of the lower limbs include
decreased muscle strength [8–14], impaired joint range of mo-
tion [10, 13, 15–17], reduced balance control [9, 12, 18, 19],
and limitations in functional mobility [11, 13], gait, and walk-
ing ability [20–23]. The cause and extent of lower limb defi-
cits can vary within the population, as theymay be due to both
cancer disease and medical treatment. In patients with acute

Vanessa Rustler and Julia Däggelmann share the first authorship as they
contributed equally to this paper.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00520-018-4506-5) contains supplementary
material, which is available to authorized users.

* Vanessa Rustler
v.rustler@dshs-koeln.de

1 Institute of Cardiovascular Research and Sports Medicine,
Department of Molecular and Cellular Sports Medicine, German
Sport University Cologne, Am Sportpark Müngersdorf 6,
50933 Cologne, Germany

2 Department of Sport, Exercise and Health, University of Basel,
Basel, Switzerland

3 Department 1 of Internal Medicine, Center for Integrated Oncology
Cologne/Bonn, University Hospital Cologne, Cologne, Germany

Supportive Care in Cancer (2019) 27:395–406
https://doi.org/10.1007/s00520-018-4506-5

http://crossmark.crossref.org/dialog/?doi=10.1007/s00520-018-4506-5&domain=pdf
http://orcid.org/0000-0002-6354-0069
https://doi.org/10.1007/s00520-018-4506-5
mailto:v.rustler@dshs-koeln.de


lymphocytic leukemia, for example, these deficits are often
caused by vincristine-induced peripheral neuropathy [24]. In
children with brain tumors, the location of the lesion as well as
the choice of treatment including surgery and/or radiation may
contribute to the ambulatory problems [18, 25].

In the past few years, whole-body vibration (WBV) has
emerged as a new training method and therapeutic modality
for improving physical functioning [26]. WBV describes a
neuromuscular training method in which participants stand
or exercise on a vibrating platform that produces oscillating
vibrations. As such, mechanical stimuli are transmitted to the
feet and, accordingly, to the rest of the body [27]. Thereby, the
vibratory load of WBV depends on different variables includ-
ing frequency, amplitude, acceleration, and duration [28]. The
underlying mechanisms regarding the effects of WBV remain
to be elucidated. The “tonic vibration reflex,” a stimulation of
the muscle spindles which induces reflexive muscle contrac-
tions, seems to be a trigger mechanism for several physical
responses [27], also including muscular contraction [29]. In
addition, several other mechanisms such as metabolic, neuro-
nal, or circulatory mechanisms may play a role here, but, to
date, they are not well understood [30, 31]. Rittweger et al.
(2010) previously described the physical and physiological
principles of WBV in more detail [30].

To date, several studies have been conducted with physi-
cally disabled children and adolescents suffering from con-
genital disorders [32]. These studies promote WBV as a safe
training method that can be of benefit for improving single
physical fitness parameters including strength and gait vari-
ables [32–34]. In pediatric oncology, by contrast, WBV has
only received very little attention so far [35], and its impact on
lower limb function has not yet been investigated. Both pop-
ulations, however, children with cancer and patients with dis-
abilities, suffer from lower limb deficits that interfere with
their autonomy. Despite different derivations of these deficits,
it is therefore possible that WBV could be of benefit for pedi-
atric cancer populations as well. WBV might be a beneficial
adjunct to conventional exercise therapy interventions as con-
ventional programs could not always achieve the desired ef-
fect of improved lower limb function [36–38].

To establish whether there is evidence that WBV may be
beneficial to improve lower limb function in pediatric can-
cer populations, this review aims to analyze WBV inter-
vention studies conducted in children with disabilities that
affect the physical functioning of the lower limbs and as a
result limit their ability to be physically active. We hypoth-
esized that WBV is a safe and compliant approach in co-
horts of children with disabilities and at the same time
could effectively improve functional and physical parame-
ters relevant in the pediatric cancer populations, including
lower extremity muscle mass and strength, joint range of
motion, balance control, functional mobility, gait, and
walking ability.

Methods

A literature search was conducted in October 2016 by two
independent researchers (V.R., J.D.) searching three electronic
databases (PUBMED, LIVIVO, SportDiscus) as well as
screening reference lists of articles and related reviews.
Based on the preferred reporting items for systematic reviews
andmeta-analysis (PRISMA) 2009 statement [39], this review
was conducted in four steps. After identifying all records
through database search and reference list screening (Step
1—identification), two reviewers independently analyzed all
records by examining titles and abstracts against inclusion and
exclusion criteria listed below (Step 2—screening). After that,
relevant full texts were assessed for eligibility (Step 3—eligi-
bility) and finally all relevant studies were included (Step 4—
inclusion) in this review (Fig. 1). Inter-reviewer disagreement
was resolved by a third reviewer (F.S.). The keywords used for
database search (Table 1) were defined based on the PICOS
approach [39] focusing on children with disabilities that affect
the physical functioning of the lower limbs (P—participants)
receiving a WBV intervention (I). No restrictions were made
regarding comparisons (C) as comparing to placebo interven-
tions, usual care and no intervention were allowed. Reported
outcomes (O) were defined as parameters relevant in pediatric
oncology, and all kinds of study designs (S) were included
except for case reports with less than 10 study participants.

The following inclusion and exclusion criteria were ap-
plied: Articles were included if they were peer-reviewed orig-
inal work, written in English language, published within the
last 15 years (starting from 2001), including at least 10 study
participants, investigating study participants 18 years old and
younger, focusing on the effects of aWBVintervention period
on outcomes relevant in pediatric oncology including muscle
mass and strength, joint range of motion, balance control,
functional mobility, as well as gait and walking ability.
Muscle mass and strength were required to either refer to the
whole body or the lower limbs. Records were excluded if
studies included solely healthy children/adolescents, they
were animal studies, they were study protocols, review articles
or meta-analysis or if the study results were not explicitly
related to the intervention period.

Results

After removing duplicates, a total of 308 titles were initially
identified. Nine studies were included in this review after
reviewing titles, abstracts, and full texts. Detailed descriptions
and statistical results of all included studies are displayed in
Table 2. Also, a comprehensive summary of the descriptive
study results is given in Supplementary Table 1. Seven out of
nine studies included an intervention as well as a control
group and were designed as randomized controlled trials
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(RCTs) [40, 41, 43, 44, 46–48] including two cross-over design
studies [40, 48]. One study was a double-arm non-randomized
study [45], and one study was single-armed [42]. Out of all
seven RCTs, five studies investigated a combined WBV train-
ing and physical therapy or passive muscle stretching in com-
parison to physical therapy or muscle stretching without WBV
[40, 41, 43, 44, 46]. One study compared WBV with a placebo
intervention [48] and another study investigated WBV in com-
parison to a group not receiving any intervention [47]. One
study included two intervention groups receiving WBV [45].
Except for one of all nine studies [42], all trials were prospec-
tive studies. Two studies conducted additional follow-up anal-
ysis [42, 45]; however, this data is not presented in this review.

In total, 274 study participants (aged 5 to 18), all diagnosed
with a specific congenital disorder, were included. Most fre-
quently, studies included children diagnosed with cerebral
palsy [40, 43, 44, 46–48]. In addition, single studies investi-
gated children with Down syndrome [41], spina bifida [42] as
well as Duchenne muscular dystrophy and spinal muscular
atrophy [45].

Intervention designs and WBV protocols

The intervention designs and WBV protocols demonstrated a
wide heterogeneity across studies. Intervention designs varied
in overall duration (6 weeks [40] to 6 months [41, 42, 47, 48])
and in training frequency (3×/week [41, 44, 46] to 10×/week
[42, 45]). Session durations ranged from 40 [40] to 80 min
[41] for combined interventions (including 10 [40] to 20 min
[41] ofWBV training) and from 10 [48] to 15 min [42, 45, 47]
for interventions based solely on WBV. In terms of WBV
protocol, side-alternating vibration [41–47] was used more
frequently than vertical vibration [40, 48] and interval training
(3–6 series of 1–3 min WBV and 3 min rest [42–47] or 10
series of 30–60 s WBV and 60 s rest [40, 41]) was applied
more frequently than single bouts of WBV (bouts of 10 min)
[48]. Moreover, the applied vibration frequencies mostly
ranged from 12 to 30 Hz (n = 6) [40, 41, 43, 44, 47, 48].
Three studies used lower frequencies starting from 5 Hz [42,
46] or 10 Hz [45]. Regarding amplitude, peak-to-peak dis-
placements were mainly found between 2 mm [44, 43, 47]
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Fig. 1 Flow chart of literature
search and study selection based
on PRISMA 2009 flow diagram
[39]

Table 1 Search terms used to
identify relevant studies Participants pediatr* OR child* OR adolescent AND

disabilities OR novel entities OR cerebral palsy OR Diplegia OR Down Syndrome OR
Down’s Syndrome OR Osteogenesis Imperfecta OR adolescent idiopathic scoliosis
OR Duchenne muscular dystrophy OR muscular dystrophy OR Spina Bifida OR
Spinal muscular atrophy OR muscular atrophy OR ataxia OR fragile X syndrome
OR osteopenia OR osteoporosis OR cancer OR oncology AND

Intervention vibration OR vibration therapy OR whole-body vibration OR whole body vibration
OR whole body vibration therapy ORWBV OR mechanical loading
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and 8 mm [45] for side-alternating vibration platforms. For
vertical vibration platforms, no amplitude was reported.
Peak acceleration was indicated as 0.3 g [48] and 2.6 g
(targeted) [43, 47], respectively. To allow for training progres-
sion, frequency and amplitude or duration were increased in
most studies (n = 6) [41, 43, 44–47] either individually ac-
cording to the participants’ response to WBV [43, 46] or after
a defined time period (i.e., every 4 or 8 weeks) [41, 45, 47].
Except for one study [48], all interventions were fully or par-
tially supervised and additional home-based WBV training
was requested in two studies [42, 45]. External support [42,
47] and stabilization [40, 44, 45] were allowed during WBV if
needed. WBV was performed either with shoes [41, 44, 47] or
barefoot [46]. Participants were allowed to wear foot orthosis in
one study [48]. Moreover, study participants were either asked
to stand on the vibration platform with their knees bent to a
certain degree [41, 44, 46] or to perform exercises such as
shifting weight, squatting, trunk rotation, or stretching the gas-
trocnemius [43, 45, 47].

Safety and compliance

One of five studies analyzing adverse events did not report
any [43]. Two studies described itching and redness of the
extremities (feet/ankle area) [44, 47], and one reported muscle
weakness, soreness, and cramps [45]. One study revealed that
11 out of 937 training sessions had to be interrupted because
of fatigue or pain (i.e., stomach ache, headache, or back pain)
[47]. Moreover, Vry et al. (2014) reported that two children
dropped out because of a creatine kinase increase of > 100%,
which was a defined stop criterion of the study protocol, and
one child dropped out because of a talus fracture that had been
detected during the study period (not clearly related to the
WBV intervention) [45]. Stark et al. (2015) described that
12 out of 60 children mentioned orthopedic problems regard-
ing increased contractures of the hips or knees, three partici-
pants reported spontaneous bladder emptying, and one child
each described the development of a symptomatic tethered
cord, a shunt revision, and a femur fracture while standing in
a standing frame (not part of the study program) [42].
Compliance with WBV was relatively high with three studies
documenting adherence rates of 78–94% [41, 44, 47]. One
study reported a wide range of compliance (24–99%) [48].

Efficiency

Muscle strength and mass

Regarding the impact of WBVon muscle parameters, signif-
icant beneficial effects on muscle strength of knee flexors
[41], knee extensors [41, 43, 44], and calf muscle [48], as wellT
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as the thickness of tibialis anterior and soleus muscle [46]
were shown. Only a few studies were not able to detect sig-
nificant positive effects ofWBVon either muscle strength [45]
or single muscles (muscle thickness of gastrocnemius [46] and
muscle area of calf muscle [48]). Additionally, the positive
effects found by the intervention group did not always vary
significantly to those found by the control group when being
compared to a placebo intervention [48]. While muscle
strength was investigated using a handheld/isokinetic dyna-
mometer [41, 43, 44, 45, 48] or the modified Medical
Research Council scale, muscle mass was examined using
ultrasonography [46] or CT/QCT [48].

Joint range of motion

Mixed results were found for range of motion. While signifi-
cant positive effects were observed for ankle angle measured
with a gait analysis system [46], no effects were found on
active ankle range of motion measured with a goniometer
[45]. No significance was observed for hip and knee angle
[46].

Balance control

WBV showed significant beneficial effects on balance con-
trol, assessed in three studies [40, 41, 43]. Balance/pressure
distribution platforms [41, 43], as well as the pediatric balance
scale (PBS) [40], were applied to examine balance control.

Gait and walking ability

Significant positive effects of WBV were observed regarding
walking distance [44], assessed using the 6 min walk test, and
regarding gait economy (speed, stride length, cadence) [42,
46, 47], determined using the 10 m walk test and/or a gait
analysis system. Solely, Vry et al. (2014) were not able to
prove significant positive effects of WBVon gait speed [45].

Functional mobility

In terms of functional mobility, results are contradictory across
studies. While significant positive effects of WBV were de-
tected assessed with the five-times-sit-to-stand test [40], no
significant effects were found using the Timed-Up-and-Go
test (TUG) [44], functional tests measuring the time to climb
four stairs [45], as well as the time to rise from a supine
position [45].

Discussion

Since the impact of WBVon lower limb function has not yet
been investigated in children with cancer but all the more in

children with disabilities, the main objective of the present
review was to analyze WBV intervention studies in children
with disabilities to establish whether relevant findings may be
transferred into the pediatric oncology setting. In this respect,
the present review demonstrates WBV to be a safe and highly
compliant approach in cohorts of children with disabilities
which is effective for improving parameters which may be
relevant for the pediatric cancer population as well. The pres-
ent findings indicate that the largest effects of WBV seem to
be observed in lower extremity muscle strength and mass,
balance control, gait, and walking ability. For lower extremity
joint range of motion and functional mobility, the effect was
limited.

Because of the large number of randomized controlled tri-
als (n = 7) found in this review of nine studies, the authors
ranked the overall level of evidence as level 2 according to
the Levels of Evidence of the Oxford Centre for Evidence-
Based Medicine (OCEBM 2011) [49]. However, most studies
were conducted with patients suffering from cerebral palsy
and reported the effects on muscle mass and strength or gait
and walking ability. Consequently, best evidence exists for
these conditions.

Our findings are in line with previous reviews summarizing
the effects ofWBVin children (and adults) with cerebral palsy
[33, 34] and children with disabilities [32]. Previous reviews
present safety [32] as well as positive impacts of WBVon gait
and walking ability [32–34], muscle strength and mass [32,
33] and coordination (balance) [33]. However, recent reviews
did not consider range of motion as part of their analysis.
Regarding functional mobility, as this term includes a wide
range of movements such as walking, climbing stairs, or turn-
ing, various parameters and instruments were used in the mea-
surement of functional mobility which leads to difficulties in
interpreting data.

In contrast to previous review papers, our review highlights
the efficiency of WBVon functional outcomes that may also
be relevant for children with cancer. Adequate functional per-
formance is an essential condition for activities of daily living
(ADL) [50] and active lifestyles. Improving lower limb per-
formance is consequently a key importance during rehabilita-
tion in pediatrics [46, 47]. However, many children with can-
cer lack these important performance skills. Functional defi-
cits often emerge during medical treatment of pediatric cancer
which can last for several months and may request prolonged
hospital stays. During this period, many patients are immobile
and very inactive [2] due to, i.e., reduced health conditions
leading to activity restrictions and bed rest. A survey carried
out among 130 pediatric cancer patients (mean age of ~
12 years, diagnoses—leukemia, bone tumor, lymphoma, brain
tumor, other solid tumors) demonstrated that 50% of patients
during medical treatment do not leave their bed for more than
1 h per day while being admitted to hospital [1]. Moreover,
many children with cancer remain inactive even after
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cessation of medical treatment [6]. As such, applyingWBV to
children with cancer could be of benefit in order to set optimal
functional conditions, which may allow the children to be
physically active. It must be noted, however, that it seems to
be difficult for children to automatically convert functional
improvements, achieved through WBV, into complex move-
ment patterns, as demonstrated in the poor results regarding
functional mobility. Thus, WBV seems to mainly serve as a
therapy method specifically designed to counteract functional
impairments. This indicates that WBV should be applied as a
complementary adjunct to exercise therapy programs, pursu-
ing the overall objective to offer holistic care and to promote
an active lifestyle. Integrating WBV into existing programs or
applying additionalWBV training to patients does not seem to
be too burdensome for children. As demonstrated in the re-
sults, WBV is a low-time-consuming (10 to 20 min) training
method to enhance lower limb function and, moreover, is low
fatiguing [27] as WBV does not evoke cardiovascular stress
[30].

With compliance rates averagely ranging from 74 to 94%
among children with disabilities, WBV training is in line with
the compliance rates of traditional exercise interventions in
pediatric oncology (67–98%) [51] and, moreover, exceeds
the compliance detected in hospital-based programs (59–
85%) [52]. Also, WBV appears to be a safe training method
in pediatric populations as only minor adverse events were
reported, mainly described as itching and reddening [44, 47].
Itching and reddening are well-known reactions toWBV [44],
possibly caused by vasodilation of arteries [30] and appeared
to have occurred mainly in WBV interventions which applied
longer bouts (3 min) of side-alternating and low-frequency
(12–20 Hz) vibrations [44, 47]. Even though there is a rela-
tively high probability that itching and reddening might occur,
these data support the idea of investigating the effect of WBV
in the pediatric oncology population.

To implement initial WBV intervention studies into the
pediatric oncology setting, respecting existingWBV protocols
among children with disabilities might be helpful, always tak-
ing into consideration the children’s individual treatment fac-
tors, overall health status, and the common precautions for

physical activity and exercise in pediatric oncology [53, 54].
With this objective, the beneficial WBV protocols among
children with disabilities are summarized in Table 3, including
the relevant information that needs to be specified when de-
scribing WBV interventions [26]. Moreover, an initial
outcome-orientated analysis was undertaken aiming to im-
prove the understanding of WBV in children with disabilities.
As such, effective protocols for improving muscle strength
and mass, as well as walking ability and gait, appeared to be
quite similar. However, the protocols dealing with improving
balance control differed to the above mentioned. These differ-
ences mainly concern vibration type, duration, and frequency
as shown in Table 4. More precise recommendations, howev-
er, that would describe optimal methods for improving specif-
ic outcomes in children with disabilities cannot yet be provid-
ed due to sparse and partly ambiguous data.

By applyingWBV to patients with pediatric cancer, it must
be taken into account that the pathology and mechanisms
differ to those of congenital disabilities. This could potentially
also allow for WBV to express different effects and/or target
other mechanisms and structures in our population. To date,
the understanding of the precise impact of WBV in different
populations requires further clarification. However, positive
results of WBV intervention studies could also already be
demonstrated in various populations including adult patients
with different diseases as well as healthy subjects and older
adults [30, 55, 56]. Providing more background information
for children with cancer, offering supervised WBV seems of
high importance, especially during anticancer treatment as (1)
the medical situation may change abruptly and as (2) super-
vised programs in pediatric oncology show higher compliance
in general [51]. Moreover, as experience in adult oncology has
shown, neuropathic patients should avoid exercising barefoot
as adequate footwear (shoes with a thin sole, i.e., gymnastic
shoes) can help to reduce friction and blistering [31].
Importantly, pediatric cancer-specific contraindications of
WBV still need to be determined. Common precautions that
typically need to be considered when prescribing physical
activity or exercise include, i.e., anemia, thrombocytopenia,
and neutropenia [53].

Table 3 Preliminary
recommendations for WBV in
pediatric oncology extracted from
studies with children with
disabilities

1. WBV can be administered very frequently, even up to twice a day

2. Side-alternating vibration should be used preferably, although vertical vibration can be applied

3. Interval training is recommended, although single bouts of vibration lasting several minutes are possible

4. Vibration frequencies should range between 12 and 30 Hz

5. Peak-to-peak displacements up to 8 mm for side-alternating platforms might be used

6. Progression may be achieved by increasing amplitude, frequency, and/or duration

7. Children should be given the possibility to hold onto something in case of loss of balance

8. Children stand on the platform with knees bent to a certain degree and/or performing exercises

9. Children can exercise either with or without shoes

10. WBV training should be fully or partly supervised; training at home is feasible
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Our review is of relevance for pediatric oncology as it
provides first hints for WBV being a possible adjunct to the
conventional exercise therapy regimes. The review’s focus
was on establishing whether there is evidence that WBV
may be beneficial to improve lower limb function in pediatric
cancer populations. However, the extent of the improvements
is still unclear and needs to be assessed in future research.
Moreover, within the reviewed studies, limitations exist in
terms of study designs, WBV protocols and study cohorts.
Regarding study designs, there are considerable methodolog-
ical differences manifesting in wide ranges of intervention
duration and training frequency as well as in different realiza-
tions of training (i.e., combined interventions such as physio-
therapy and WBV vs. interventions solely based on WBV,
standing vs. performing exercises on the vibration platform,
different types of comparisons such as standard care or place-
bo), which makes comparison between studies and the inter-
pretation of the effects of WBV difficult. Regarding WBV
protocols, protocols are characterized by large heterogeneity
and missing data. Regarding study cohorts, the included trials
comprise small sample sizes with patients of wide age ranges.
Demographic data of study participants were not always de-
scribed sufficiently. Furthermore, although a systematic liter-
ature search was conducted, not all relevant studies might
have been identified.

In conclusion, WBV interventions in children with various
disabilities were shown to be safe and at the same time present
a highly compliant training method that can positively impact
physical function especially in terms of lower extremity mus-
cle strength and mass, balance control as well as gait and
walking ability. As such, WBV seems to be feasible and,
moreover, effective for improving parameters that may be
relevant to the pediatric cancer population. Efforts are needed

to conduct first WBV interventions in the pediatric cancer
population proving the effects.
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