
INTRODUCTION

Cerebral palsy (CP), which is a common childhood dis-
ability and a well-recognized neurodevelopmental con-
dition, begins in early childhood and persists throughout 
life [1]. Because spastic CP is the most common type of 

CP in both preterm and term infants, reducing spasticity 
is an important goal in the management of these children 
[2]. Anti-spastic medication, botulinum toxin injection, 
nerve block, and surgery have been used to reduce spas-
ticity in children with CP [3]. 

Whole body vibration (WBV) has been introduced re-
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Objective  To investigate the immediate effect of a single session of whole body vibration (WBV) on lower 
extremity spasticity in children with cerebral palsy (CP).
Methods  Seventeen children with spastic CP were included. A single session of WBV was administered: 10-minute 
WBV, 1-minute rest, and 10-minute WBV. The effects of WBV were clinically assessed with the Modified Ashworth 
Scale (MAS) and Modified Tardieu Scale (MTS) before and immediately, 30 minutes, 1 hour, 2 hours, 3 hours, and 
4 hours after WBV.
Results  Spasticity of the ankle plantarflexor, as assessed by MAS and MTS scores, was reduced after WBV. Post-
hoc analysis demonstrated that, compared to baseline, the MAS significantly improved for a period of 1 hour after 
WBV, and the R1 and R2–R1 of the MTS significantly improved for a period of 2 hours after WBV.
Conclusion  A single session of WBV improves spasticity of ankle plantarflexors for 1–2 hours in children with CP. 
Future studies are needed to test whether WBV is an effective preparation before physiotherapy and occupational 
therapy.
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cently as a new rehabilitation modality. WBV is typically 
applied while standing on an oscillating platform that 
displaces the individual and alters the gravitational forces 
of the body [4]. WBV has been reported to improve mus-
cle strength [5], bone mineral density [6], balance control 
[7], and lower extremity function [8]. It is also known that 
WBV reduces spasticity in the lower extremity of people 
with central nervous system disorders [9]. 

Some previous studies reported the clinical effects of 
WBV on spasticity in children with CP. For instance, 3 
months of WBV with physiotherapy reduced spasticity 
and improved motor function more effectively than phys-
iotherapy alone [10]. Also, 8 weeks of WBV (20 minutes 
at 20 Hz) improved ambulatory function and decreased 
spasticity in children with CP [8]. Even a single session 
of WBV can reduce ankle plantarflexor spasticity in pa-
tients with chronic stroke [11]. However, it is not known 
whether a single session of WBV might relieve spastic-
ity in CP, and how long this anti-spastic effect might be 
maintained. Therefore, this study examined the immedi-
ate and longer-lasting effects of a single session of WBV 
on spasticity of ankle plantarflexors in children with CP.

MATERIALS AND METHODS

This was a prospective intervention study. Ethical ap-
proval was granted by the Institutional Review Board and 
Ethics Committee. Because all children in this study were 
younger than 18 years, informed consent was obtained 
from the parents of children who agreed to participate in 
this study.

Participants
This study was conducted in a rehabilitation hospital 

affiliated with the medical college between December 
2015 and April 2016. Subjects were selected from those 
children with spastic CP who were admitted to the hos-
pital for intensive therapy, and who met the following in-
clusion criteria: (1) over the age of 3 years old, (2) Modi-

fied Ashworth Scale (MAS) score at ankle plantarflexors 
≥1+ with knee extension, and (3) able to maintain a 
standing position with or without holding.

Exclusion criteria were as follows: (1) chemodenerva-
tion therapy within 6 months, (2) previous selective rhi-
zotomy or orthopedic surgery, (3) cognitive impairment 
and inability to comply with the required procedures, 
and (4) any musculoskeletal problems (arthritis, congen-
ital limb deficiency, muscle disease, etc.).

Eighteen children met the criteria, and one eligible 
participant declined to participate in the study. Thus, 17 
children participated in this study (Fig. 1). One child was 
on anti-spastic medication (baclofen 30 mg/day).

Intervention
WBV was conducted using a Galileo Med S (Novotech 

Medical, Pforzheim, Germany), which provides side-
to-side, alternating vertical, sinusoidal vibration. The 
treatment session consisted of the following schedule: 
10-minute WBV, 1-minute rest, and 10-minute WBV. The 
vibration protocol was 20 Hz with 2 mm vertical displace-
ment [8]. Children maintained a semi-squat position on 
the platform with 30 degrees of knee flexion during the 
vibration to focus energy on the lower extremities dur-
ing WBV [12]. Children also grasped the ladder with their 
hand to maintain a semi-squat position. Four hours of 
bedrest were done after WBV to exclude other confound-
ing factors.

Assessments
The muscle tone of the ankle plantarflexor was assessed 

by the MAS and the Modified Tardieu Scale (MTS) in both 
knee flexion and extension. The same investigator per-
formed all measurements, including goniometric exami-
nations. Assessments were conducted before, and imme-
diately, 30 minutes, 1 hour, 2 hours, 3 hours, and 4 hours 
after the intervention. The time points of assessment are 
shown in Fig. 1. In the case of bilateral CP, muscle tone of 
the more affected limb was assessed.

ImmediateBaseline After 30 min After 1 hr After 2 hr After 3 hr

Screened
(n=18) T1 WBV T2 T3 T4 T5 T6

After 4 hr

T7

Consent withdrawn (n=1)

Fig. 1. Study timeline. WBV, whole body vibration; T, time points of assessment. 
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The MAS is a 6-point rating system from 0 to 4. For 
statistical convenience, MAS grade 1+ was converted to 
grade 2, and MAS grades 2–4 were converted to grades 3–5 
[13]. 

For the MTS, spasticity was quantified by assessing the 
ankle joint angle at initial catch following fast velocity 
(R1), and the passive range of movement following slow 
velocity stretch (R2) [14]. The difference between the two 
angles (R2–R1) represented the dynamic component of 
spasticity [15]. 

Statistical analyses 
SPSS ver. 20 (IBM SPSS, Armonk, NY, USA) was used 

for statistical analyses. A linear mixed model was used to 
analyze data from repeated measurements. An unstruc-
tured model was selected as the covariance structure. 
Scores after WBV were compared to those before WBV to 
determine whether there was an improvement in spastic-
ity. Statistical significance was set at p<0.05.

RESULTS

A total of 18 children were recruited, and one child was 
excluded due to consent withdrawal. Table 1 shows the 
baseline patient characteristics. 

Spasticity of the ankle plantarflexor, as measured by 
the MAS and MTS, significantly improved after a single 
session of WBV. Post-hoc analysis demonstrated a signifi-

cant reduction in MAS score after WBV compared with 
the baseline score (Fig. 2). The mean difference in MAS 
score between baseline and immediately after WBV was 
1.41 with knee flexion and 1.47 with knee extension (Table 
2). The anti-spastic effect, as measured by MAS, lasted for 
1 hour after WBV.

For the MTS, the R1 angle was significantly improved 
immediately and for up to 2 hours after WBV compared 
with the measurement before WBV (Fig. 3). The mean 
difference in R1 angles between baseline and immedi-
ately after the intervention was 14.71 with knee flexion 
and 13.82 with knee extension. The anti-spastic effect 
measured by the R1 angle lasted for 1–2 hours. There was 
no significant change in the R2 angle after intervention. 

The difference between the two angles (R2–R1) with 
knee flexion significantly improved compared to the 
baseline for a period of 1 hour after WBV. The difference 
between angles with knee extension improved for a pe-
riod of 30 minutes after WBV. The mean difference in R2–
R1 angle between baseline and immediately after WBV 
was 13.82 with knee flexion and 13.21 with knee exten-
sion.

DISCUSSION

WBV is a noninvasive therapeutic method with no 
known serious harmful side effects. However, WBV as a 
therapeutic modality for children with CP is a relatively 
unexplored area of research. To our knowledge, this is 
the first study to evaluate the anti-spastic effect of single-
session WBV and its duration on ankle plantarflexors in 

M
AS

4

3

2

1

0

With knee flexion
With knee extraction

ImmediateBaseline 30 min 1 hr 2 hr 3 hr 4 hr

* *
*

* *
*

Fig. 2. Changes in Modified Ashworth Scale (MAS) after 
whole body vibration therapy. *p<0.05 vs. baseline (post-
hoc test).

Table 1. Characteristics of participants 

Characteristic Value
Age (yr) 4.47±1.35 (3–14)

Sex

   Male 10 (58.8)

   Female 7 (41.2)

GMFCS level

   I 4 (23.5)

   II 5 (29.4)

   III 6 (35.2)

   IV 2 (11.9)

Body involvement

   Unilateral 3 (21.4)

   Bilateral 14 (78.6)

Values are expressed as mean±standard deviation (range) 
or number (%). 
GMFCS, Gross Motor Functional Classification System.
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Table 2. Changes in clinical assessment 

Parameter
Time 1

(baseline)
Time 2

(immediate)
Time 3

(30 min)
Time 4
(1 hr)

Time 5
(2 hr)

Time 6
(3 hr)

Time 7
(4 hr)

MAS

   Ankle with KF 2.65±0.12 1.24±0.11* 1.24±0.11* 1.59±0.15* 2.35±0.15 2.71±0.11 2.65±0.12

   Ankle with KE 2.82±0.13 1.35±0.12* 1.35±0.12* 1.77±0.16* 2.41±0.15 2.82±0.13 2.82±0.13

R1 of MTS (o)

   Ankle with KF -12.06±2.75 2.65±2.39* 2.35±2.43* -2.06±2.50* -6.47±2.93* -10.88±2.91 -12.06±2.94

   Ankle with KE -23.82±2.86 -10.0±2.84* -10.88±2.88* -13.82±2.83* -19.12±2.92* -22.65±3.27 -22.94±3.09

R2 of MTS (o)

   Ankle with KF 16.18±2.35 17.06±2.34 17.35±2.38 16.18±2.35 16.18±2.35 16.18±2.35 16.18±2.35

   Ankle with KE 7.65±2.18 8.53±2.16 7.94±2.22 7.65±2.09 7.94±2.04 7.94±2.04 7.94±2.04

R2–R1 of MTS (o)

   Ankle with KF 28.24±1.92 14.41±1.20* 15.00±1.29* 18.24±1.35* 22.65±1.83 27.06±1.87 28.24±2.01

   Ankle with KE 31.47±2.26 18.53±2.13* 18.82±2.21* 21.47±2.34 27.06±2.19 30.59±2.50 30.88±2.36

Values are presented as mean±standard deviation. 
KF, knee flexion; KE, knee extension; MAS, Modified Ashworth Scale; MTS, Modified Tardieu Scale.
*p<0.05 vs. Time 1 in linear mixed model.
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children with CP. The MAS and MTS were used to mea-
sure changes in spasticity. We found that spasticity was 
reduced immediately after a single session of WBV, and 
this improvement lasted for 1–2 hours.

Children with CP received WBV during supported 
standing on a vibrating platform. The vibrations are 
believed to initiate muscle contractions by stimulating 
muscle spindles and alpha motor neurons [4]. The direct 
vibratory stimulation of muscles may reduce spasticity by 
influencing the Ia afferent fibers of the muscle spindle, 
which inhibit the monosynaptic reflex [12,16]. Therefore, 
the Hmax/Mmax ratio of the H reflex is significantly de-
creased, together with clinical spasticity associated with 
the hypersensitive muscle stretch reflex [11]. Although 
the mechanism by which WBV reduces spasticity is not 
yet known, the previous finding of a reduction in Hmax/
Mmax ratio after WBV implies that the underlying mecha-
nism may be similar to direct muscle vibration [11]. 

In this study, muscle tone was assessed using the MTS, 
which is a more reliable and valid method than the MAS. 
The R1 angle was defined as the point in the joint range 
at which a velocity-dependent ‘catch’ or clonus was felt 
during a quick stretch of the muscle, whereas the R2 
angle was defined as the passive range of motion. When a 
muscle is stretched to the R2 position, the viscoelasticity 
of the soft tissues and the component of contracture be-
come involved. Thus, the difference between the two an-
gles (R2–R1) represents the dynamic component of spas-
ticity [17]. In this study, the R1 angle and R2–R1 improved 
after WBV, but the R2 angle did not show a significant 
change. This suggests that WBV is effective for reducing 
dynamic spasticity, but not for relieving the static com-
ponents of hypertonicity. This possibility is supported, 
not only by the electrophysiological changes and reduced 
Hmax/Mmax ratio observed in previous studies, but also by 
clinical assessments in the present study.

On the other hand, involuntary tonic reflex contractions 
of stimulated muscles are induced when the amplitude 
is as high as 0.2–0.5 mm for direct vibratory stimulation 
of muscles. Therefore, a low amplitude vibration for di-
rect muscle stimulation has been applied for spasticity 
management. In addition, high frequency vibration (100 
Hz) consistently produces anti-spastic effects [18]. How-
ever, relatively high amplitudes and low frequencies (2 
mm and 20 Hz in the present study) have been used for 
WBV to reduce spasticity [8]. Therefore, the mechanisms 

underlying spasticity reduction may be different between 
direct muscle vibration and WBV. Future studies are 
needed to elucidate the mechanism and optimal param-
eters of WBV to reduce spasticity.

By reducing spasticity in children with CP, a ‘window of 
opportunity’ can be provided to promote motor devel-
opment [19]. For example, botulinum toxin for reducing 
spasticity in children with CP can enhance both motor 
ability and functional skills, although its anti-spastic ef-
fects are temporary [20]. Many physiotherapists spend 
much time reducing abnormal tone by stretching, han-
dling, and positioning at each therapy session so that the 
children are ‘prepared’ to move [21]. Our results suggest 
that WBV before physiotherapy sessions can help thera-
pists manage patients more effectively by reducing spas-
ticity.

Standing for 20 minutes may stretch the calf and Achil-
les tendons which might influence the MAS and MTS in 
this study. This could be a limitation and should be con-
sidered in further studies.

In conclusion, this study found that a single 20-minute 
session of 20 Hz WBV reduced spasticity of ankle plan-
tarflexors for 1–2 hours in children with CP. The results 
suggest that WBV performed just before physiotherapy 
or occupational therapy sessions may help prepare chil-
dren with spasticity to learn motor skills. However, future 
studies are needed to verify the efficacy of WBV for pre-
paring children with spastic CP for physiotherapy and 
occupational therapy sessions.
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