11 - 2EEHHREEREBEDENAR

SHEIER=LESTEDIN
faE MR R E AN sR I AR INEERIRSE

Effects of an eight—-week whole body vibration on lower extremity
muscle tone and function in children with cerebral palsy

PBHH

Research in Developmental Disabilities 2015, 38 ,256-261
SEFERIR, 2015950, 5385, 5256-2618

A7

IEMEE BN RNZEARBARMRANKBZEIFETE. IFE
Rt 2 Bl RS i85, SRENMEFRZDZER LER, EMERLH
ERBEEFNRG, MEEESTENENRERIAEY, FTEE
ERRDENESEDY, HAREREH/\BNEEE ] AR AT
MEZERNERINEE, BMOECRIESE., BINRODE. XEEHS

]
BE o



Research in Developmental Disabilities 38 (2015) 206-261

Contents lists available at ScienceDiract

Research in Developmental Disabilities

EVIER

ELS

Effects of an eight-week whole body vibration on lower
extremity muscle tone and function in children with cerebral

palsy

Hsin-Yi Kathy Cheng?, Yu-Chun Yu ®, Alice May-Kuen Wong ©, Yung-Shen Tsai ¢,
Yan-Ying Ju“*

* Graduate Institute of Early Intervention, College of Medicine, Chang Gung University, Tao-Yuwan, Taiwan

" Natfomal Tooyuan Special School, 10 Te-Shou St Too-Yuan 330, Talwan

* Department of Physical Medicine and Rehabilitation, Chang Gung Memorial Hospital, Too-Yuan 330, Tafwan

! Graduate Institute of Sports Equipment Technalagy, University of Taipei, Taipei, Taiwan

¢ Department of Adapted Physical Education, National Taiwan Sport University, 250 Wen-Hua 15t Rd, Kwei-Shan, Tao-Yuan 333, Taiwan

ARTICLE INFOQ

Article history:

Received 4 November 2014
Accepred 9 December 2014
Available online 7 January 2015

Keywords:

Cercbral palsy
Spasticity

Whaole body vibration
Ambulation
Rehabilitation

ABSTRACT

The aim of this study was to evaluate the effect of an eight-week whole body vibration
{WBV) on lower extremity spasticity and ambulatory function in children with cerebral
palsy with a complete crossover design. Sixteen participants aged 9.2 {2.1) vears
participated in this study. Half of the participants received a 10-min WBV, 3 times a week
for 8 weeks. Then a 4-week washout period followed, after which they received a sham
WEV 3 times a week for 8 weelks, The other half receivied the intervention in a reversed
order. The participants were evaluated via vanables measuring range-of-motion, muscle
tone, and ambulatory function before, immediately after, 1 day after, and 3 days after cach
intervention. Repeated-measures analyses revealed significant beneficial effects on most
variables expect the passive range-of-motion measurement. Significant correlations were
found between timed up-and-go and relaxation index, and between timed up-and-go and
six=minute walk test, The results suggested that an 8-week WBY intervention normalized
muscle tone, improved active joint range and enhanced ambulatory performance in
children with cerebral palsy for at least 3 days. These indicated that regular WEV can serve
as an alternative, safe, and efficient treatment for these children in both clinical and home
settings.

© 2015 Elsevier Lrd, All rights reserved.

1. Introduction

Cerebral palsy (CP) is the most common childhood disabilities which affect individual's posture and movement (Koman,
Smith, & Shilt, 2004 ). Compared to the typically developed children, these children have impaired sensation and increased
muscle tone therefore they have trouble voluntarily controlling their muscles. About seventy to eighty percent of children
with CP demonstrate spastic clinical features (Krigger, 2006). Traditionally spasticity is managed via anti-spastic medication
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or injection. Several disadvantages are associated with these treatments. First, not all patients achieve satisfactory results,
and not all parents are comfortable with long-term medication use or invasive injection. In addition, there are side effects
such as general weakness that in turn affect their functional performance. As a result, there is a need for alternative or
additional treatment options.

Other than spasticity, poor muscle strength is alse an important factor that leads to maovement dysfunction in CP
(Damiano, Martellotta, Sullivan, Granata, & Abel, 2000). The weak quadriceps in this population inevitability impaired their
walking performance (Damiano, Kelly, & Vaughn, 1995), These days whole body vibration (WBV) has become popular in
local gym and fitness centers, and it was found to offer fitness and health benefits, including flexibility and muscle strength
(Dolny & Reyes, 2008; Kosar, Candow, & Putland, 2012; Rittweger, 2010), Recently, it seems to reach satisfactory results in
managing spasticity and muscle strength among participants with upper motor neuron syndrome (Ahlborg, Andersson, &
Julin, 2006; Chan et al., 2012; Ness & Field-Fote, 2009),

Whole body vibration (WBV) is a training method which exposures the whole body of an individual to low frequency, low
amplitude mechanical stimuli via a vibrating platform. The vibration stimulate the muscle spindles, sending nerve impulses
ta initiate muscle contractions according to the tonic vibration reflex (Cardinale & Hosco, 2003), Its effects on enhancing
health and fitness in general population have been studied extensively; however, little was done with special groups, for
example children with CP. Ruck, Chabot, and Rauch (2010) examined the effects of a 9-min WBV program on children with
CP and found their mobility improved {(Ruck et al., 2010). In this particular study, the only indicator for mobility was the
change in self-selected walking speed (Ruck et al., 2010). Unger, Jelsma, and Stark (2013 ) investigated the vibration on trunk
muscle Strengthening and found beneficial effects onto posture and gait. Other than the pasmral related measurements,
there was only one gait parameter, the 1-min walk test, assessed (Unger et al, 2013), Furthermare, the direct effect on
spasticity was never evaluated.

Ahlborg et al, (2006) performed a comprehensive survey of spastic, strength, and walking variables after an 8-week WBY
or an 8-week resistance training in adult with CP {Ahlborg et al., 2006). They found WBV was more effective in decreasing
spasticity of the knee extensors compared to the resistance training. Leg muscle strength increased in both groups. On the
other hand, the amhulamry parameters did not -:h;-mge signiﬁ-:anr]y. hll’l‘tmlgh this S.l‘lhlﬂ_'i,lr demonstrated an extensive
investigation on the effects of WBV on CP, there were aspects that can be improved. First, findings of the study were gathered
from adults with CP, not children, Children usually demonstrate a better potential in functional improvement, therefore
studies with children as subjects are of great needs. Second, this study had no control group. A control group provides true
baselines for all testing variables, and this becomes substantially important when dealing with children. Third, when
isokinetic strength was measured before ambulatory parameters, the muscle exertion would hinder the effects of WBY on
ambulation. Last, the study only measured immediate influences, no lasting effacts were evaluated.

Therefare, the aim of this study was to evaluate the immediate and lasting effects of WBV on lower extremity spasticity
and ambulatory function in children with CP, It was hypothesized that upon the completion of this 8-week program, the
spasticity among these CP children would decrease significantly and their ambulatory function would improve,

2. Materials and methods

A crossover repeated measures design was employed in this study, Sixteen children with CP were randomly divided into
two groups. One group received an 8-week WMV intervention followed by an 8-week control condition, with a 4-week rest
in between; the other group began their treatment sequence with the control condition to counterbalance the order effects
(Fig. 1). The outcome variables included active and passive range-of-motion (AROM and PROM) of both knees, relaxation
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Fig 1. Flow chart of the crossover design.
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index (RI) assessed by the Wartenburg Pendulum test, modified Ashworth scales (MAS) for bilateral knee extensors, timed
up-and-go (TUG) and 6-min walk test (6WMT).

2.1. Participants

Sixteen children with CP, eight boys and eight girls. aged 9.2 (2.1) years with diagnoses of either spastic diplegia (N=11)
or spastic quadriplegia (N =5) were recruited from a local hospital and a special education school. The inclusion criteria
were: (1) add-up MAS scores of bilateral lower extremity greater than two:; (2] ability to walk for at least 6 min with or
without walking aids; and (3) ability to comprehend commands. Criteria which would affect their muscle tone and
ambulatory performance were excluded. The exclusion criteria were: (1) the presence of any progressive disorder or a severe
concurrent illness not typically associated with CP; (2) lower extremity surgery within the past 6 months; (3) nerve block or
botulinum toxin injection within the past 3 months; (4) a limitation of knee joint range-of-motion over 10°; (5) epilepsy. One
of the authors performed the selection process, Most participants walked independently without walking aids except four,
who used 4-wheeled walkers for ambulation. The Institutional Review Board for Human Studies of Chang Gung Memorial
Hospital approved this protocol. Written informed consents were obtained from all participants and their legal guardians.

2.2, Equipment

The equipment utilized in this smd:-.r included ele-:rrogoniameters (SG110, Biometrics, Ltd, Cwmfelinfach, Gwent, UK) and
a'WBV platform (AV-001A, Body Green, Taipei, Taiwan), The electrogoniometers, taped on the lateral sides of the knee joints,
were used o measure the degree of flexion and extension. A data acquisition unit (MP150, Biopac Systems Inc. Santa
Barbara, CA, USA) was used for signal registration. The WBV platform could provide vertical vibrations with frequencies and
amplitudes ranging from 8 to 40Hz and 0.4 to 2.0 mm, respectively.

2.3, Protocol

The vibration platform located in a quiet room with the environment set up for variable measurements. Subject was
transferred to the room via wheelchair to avoid any fatigue prior to the testing. All participants underwent a series of
outcome measurements in the order of AROM and PROM for knee joints, Pendulum test, MAS, TUG, 6MWT. Variables
measured before the intervention (Timel) were the baseline scores. These measurements were administered again
immediately after 8-week intervention (Time2), 1 day after (Time3), and 3 days after (Timed) the 8-week period. The test-
retest reliability for each variable was evaluated from two consecutive days before intervention with ten children with
spastic cerebral palsy, aged 9.7 (1.7) years, Change scores (Dilf2-1/Diff3-1/Diff4-1) were used o show the improvement
of each dependent variable measured in time 2, 3 and 4 compared to the baseline. The duration of each assessment was
about 45 min.

Each subject performed both the WBY and control conditions in a counterbalanced order on two separate days, one week
apart. The subject was instructed to adhere to the daily routines. Prior to the first experimental trial, the participant was
requested to stand on the vibration platform with the knees slightly flexed at about 30 degrees from full extension. Anterior
knee stops and a pelvic belt were used along with the WBV machine for securing their knees and pelvis to provide external
support while standing. The participants were instructed to avoid holding on to the supported rail if possible however they
were allowed to hold onto the rail if necessary (MNess & Field-Fote, 2009). They were asked to focus on standing with equal
weights on both legs, and keep body movements to a minimum. Passive vibration was then delivered at 20 Hz with a vertical
displacement of 2 mm, The WBV was given for 10 min. For the control condition, participants followed the same procedure
instead that the vibration machine was not turned on. After the intervention, the participants were moved to the assessment
area in wheelchairs to avoid any physical activity on their feet.

24. Outcome variables

24.1. Measurement of joint range-AROM & PROM

The AROM measures the range of movement through which the subject can actively move a joint using the adjacent
muscles, whereas the PROM measures the amount of motion at a given joint when the joint is moved by an external force.
Electrogoniometers were secured on the lateral sides of the knees for signal registration. For the AROM measurement, the
subject was first asked to actively move the knee to full extension and then full flexion. Subject was asked to maintain full
extension and flexion for 3 s each and the median angles of the two 3-s intervals were used for AROM calculation, For the
PROM condition, their knees were passively moved by an examiner to the end range. The intraclass correlation coefficients
(ICCs) for AROM and PROM were 0.73 and 0.79, respectively.

24.2. Measurement of spasticity—Wartenburg Pendulum test

The Pendulum test evaluated muscle tone by using gravity to provoke stretch reflexes of knee extensors during passive
swinging of the lower limb. The oscillatory movements of the lower leg were captured by electrogoniometer at the lateral
knee. The relaxation index (Rl) was then calculated as follows: Rl = {starting angle — first angle)/{starting angle - resting
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angle) = 1.6 (Burridge et al.. 2005). The 1CC calculated for Rl was 0.72. In case of spasticity, the oscillatory amplitudes were
significantly less as compared to those with normal muscle tone,

2.4.3. Measurement of spasticity-MAS

The MAS scale is widely used method for measuring spasticity. A scare of 0-4 was used to assess the resistance of knee
extensors to passive movement. The children lay supine with the lower leg hanging freely over the edge and the knee
passively extended by the examiner. The examiner moved the subject's knee to a position of maximal flexion over 1 5. A score
was then given based on the classification by Bohannon and Smith {(Bohannon & Smith, 1987), The MAS scores of both legs
were added up to represent the muscle tone of the subject's lower extremities, The ICC calculated for MAS was 0,92,

24.4. Functional measurement-TUG

TUG is a test used to assess a person's mobility. TUG measured the time required for an individual to stand up from a chair
with armrests, walk 3 m, turn, walk back to the chair, and sit down. The subject walked with their regular footwear at their
preferred speed with or without walking aids. The examiner stayed with the participants to protect their safety at all times,
High test-retest reliability (1CC = 0.94) and adequate validity (spearman r= —0.77) for the TUG in children with CI* have been
reported {Zaino, Marchese, & Westcott, 2004).

24.5 Functional measurement-6MWT

Six-MWT measured the distance walked within 6 min. A 7-m waikwa:,r was marked on a level floor, The su D}E'I:I: was asked
to walk continuously along this walk way, turn around at the end, and continue to cover as much ground as possible over
Gmin. The examiner spoke standardized phrases o the patient to avoid improper encouragement and enthusiasm. High
test-retest reliability (1CC = 0.98) for the 6MWT in children with CP was revealed {Maher, Williams, & Olds, 2008),

2.5. Statistics

Data were analyzed using the statistical analysis software 5PSS (version 17.0, 5PSS Inc., Chicago, IL, USA). Descriptive
statistics were used to calculate participants’ demographics. A two-way repeated measures analysis of variance (ANOVA)
(condition(2) = change scores of time (3)) was performed for all variables. The alpha level was set at 0.05. Multiple
comparisons between pairs of means were used to determine where the differences existed with Bonferroni adjustments of
alpha level. The relationship between functional improvements and changes in spasticity were examined by correlation
analysis.

3. Results

The initial spasticity measurements for MAS and Rl were 4.61 (0.95) and 0.59 (0.07), respectively. The initial
measurements for TUG and 6MWT were 13.53 (2.30)s and 201.33 (17.51) m, respectively.

Descriptive and inferential statistics for outcome analyses are presented in Table 1. Significant differences were found in
change scores between the treatment and control condition for variables including MAS, Rl, and 6MWT. Multiple
comparisons revealed that differences existed between change scores Diff2-1 and Diff4-1 only for MAS (p=0.036) and RI
(p=10.022); and between change scores Diff2-1 and Diff3-1 (p=0.006), Diff2-1 and Diff4-1 (p = 0.012), but not Diff3-1 and
Diff4-1 (p=0.907), for 6MWT. For AROM and TUG, significant differences were found in condition only. However, no
difference was found in PROM.

Correlation of scores was performed to reveal the relationship between functional improvement and changes in muscle
tone. Correlation results revealed that change in TUG was significantly correlated with change in Rl {r= —-0.526, p = 0.036),

Table 1
Descriptive and inferential statistics for outcome analyses.
Variables WEV condition Control condition Poondition Pihange score
Change_score” Change_score”
Dilf2-1 Dilf3-1 Dilf4-1 Dimz-1 Dilr3-1 Dilm4-1
AROM (*) 5.74 (346) 4.35 (2.05) 3.34 (2.73) 0.24 (2.29) 061 {2.38) 0.22 (2.13) [ 0.154
PROM*) 1.13 (2.04) 0.75 (2.38) 0.48 (2.02) 0.25 (1.23) 009 (1.23) 0.33 (1.26) 0.892 0.118
Rl 0.13 (0.06) 0.09 {0.06) 0.09 {0.06) 0.00 (0.04) 0.02 {0.04) —0.00 (0.30) [ 0.030°
MAS -1.43 (1.05) -1.20(1.11) 0.50 (0.73) 0,17 (0.25) ~0.13 (0.34) 0.03 (0.46) 0.000° 0033
TUG (5) —2.49 [ 1.56) —2.79 (1.68) -2.39 (1.52) —0.39 (1.28) —0.52 (1.37) ~0.54 (1.1%) 0000 0416
BMWT (m) 16.89 (8.01) 6.96 (6.74) 7.66 (5.46) ~0.20 (7.50) ~1.70 (9.31) 0.57 (4.25) 0.000° 0005~

Values are expressed as mean = 50.

* Dilferent score DNM2-1: dilference between measurements “Time2™ & “Tine 1", Dill3- 1: diference between measurements “Time3" & “Time1". Diff4-1:
difference between measurements “Timed" & “Time1",

* p <005,

* p=001.
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but not with change in MAS (r=-0.129, p=0.633). Six-minute walk test was significantly correlated with change in TUG
anly (r=-0.713, p=0,002), but not with changes in Rl or MAS, No other correlations were significance.

4. Discussion

This study is the first to implement a crossover repeated measures design for measuring the effects of an 8-week WBY
protocol on children with CP. The results were consistent with our hypothesis that spasticity {MAS and Rl) would reduce, and
ambulatory function (TUG and 6MWT) would improve significantly after the WBV intervention. These effects could lastup ta
3 days after the intervention. These benehts would facilitate children to actively engage in daily activities, exercise trainings
and therapeutic interventions.

The benefits of the 8-week WBY program are manifolds, First, it can suppress spasticity in children with CP. This finding
was in line with previous research (Ahlborg et al., 2006; Chan et al., 2012; Liepert and Binder, 2010; Miyara et al.. 2014; Ness
& Field-Fote, 2009), Using an electrophysiological approach, Liepert and Binder (2010) revealed the vibration effects on
target muscles (Liepert and Binder, 2010). Vibration effects are mediated through the activation of muscle spindles and
transmission by la fibers, which enhances cortical excitability of the vibrated muscle, The vibration stimuli simultaneously
reduce activity in antagonistic muscles via reciprocal inhibition and supraspinal inhibition, therefore reducing antagonistic
muscle hyperactivity. A more balanced interaction between flexors and extensors can then be achieved. In addition, WBV can
induce presynaptic inhibition. Previous studies demonstrated that a vibratory stimulus applied directly to a muscle will
induce the presynaptic inhibition of 1a afferents (Schicppati, 1987) and is likely to reduce the release of neurotransmitters to
the motoneurons (Katz, 1999), thereby decreasing the monosynaptic reflex excitability,

Second, it significantly improved the AROM in the knees. The vibration delivered directly to the soles of feet, and went all
the way up to the subject’s body, especially to the lower extremities. These mechanical vibrations stimulated skin receptors
and muscle spindles, enhancing the cortical excitability of the vibrated muscle and therefore increasing joint AROM ( Katusic,
Alimovic, & Mejaski-Bosnjak, 2013). On the other hand, no such improvements occurred in PROM. Clinically, measurement
of PROM is assessed by passively moving a joint to its extreme position, This movement is slow and should not elicit reflex
activity. This indicated that the value of PROM cannot be interfered with spasticity. Rather, the limitation of PROM is mainly
originated from the mechanical constraints, such as the length of musculature surrounding the joint, the flexibility of joint
capsule, and the contour of bones,

Third, it can improve walking performance. TUG was significantly improved immediately after and 30-min after the WBY
intervention. The improvement on GMWT was also significant but it attenuated over time after the cease of the intervention.
Previously a correlation was found between muscle tone, functional gait parameters and a more narmal electromyography
pattern (Hesse et al, 1996), indicating that a reduction in spasticity might lead to improvements in motor function and
walking ability. Another study also found patients with measurable spasticity showed reduced knee angular velocity during
walking since their muscles were rather stiff (Tuzson, Granata, & Abel, 2003). As a consequence, the ambulation function
improved as the spasticity decreased. In addition, results from the current study also revealed significant correlation
between change in TUG and change in Rl The improvement in Rl remained during follow-up period of 30 min, which
paralleled with the improvement in TUG. Unlike TUG, GMWT might require better endurance which could not be acquired
from this intervention. Thus the improvement on 6MWT might fade faster in this protocol.

Vibrations are believed to initiate muscle contractions by stimulating muscle spindles and alpha motor neurons, resulting
in an effect similar to that of conventional resistance training { Delecluse, Roelants, & Verschueren, 2003 ), In the current study
the WBY was performed on a vibrating platform during supported standing. It is a form of muscle and proprioceptive
training that is largely independent of the motivation of the participant { Rauch, 2009). Children with young ages are usually
less motivated since they do not understand well the link between therapeutic training and health benefits, Therefore WBV
can serve as a substitute for traditional resistance training and rehabilitation programs.

Based on the subjective reports of the participants, negative side-effects seldom accur with the WBY intervention. One
participant reported stiff legs and one reported back muscle soreness in the first two sessions of WBV intervention. Still,
attentions need to be paid. Vibrating platform might threaten participants' balance and cause their feet to slide off. Close
supervision is needed especially for those with physical/sensory disabilities and those with young ages.

There are still limitations in this study. First, results from this study revealed the effects of WBV intervention in decreasing
spasticity and improving walking function, but whether the effects of WBV are comparable to those provided by oral
medication or muscle injection are still questionable. Future studies should directly compare the antispastic effects of
vibration to those of antispastic agents, Second, participants in this study did not cease their regular therapeutic activities,
The WBV program was added to their daily routines. The authors controlled the possible influences via crossover design.
Even that, the effects from their physical exercises or school activities cannot be completely removed.

5. Conclusion

To sum up, WBY program can be a suitable approach to control spasticity and improve walking function in children with
CP, particularly it is non-invasive, easy to apply, relatively safe and requires little efforts. It may also serve as a routine
addition or substitute for other anti-spastic agents with future supporting studies. Performed before the rehabilitation
session, it serves as a spasticity reducing protocal and gets the individual ready for advanced exercise trainings. Previous
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studies also revealed other benefits of WBY on various physiological measures. including the oxygen consumption, muscle
temperature, skin blood flow, muscle power, muscle strength, balance, and bone density (Cochrane, Stannard, Sargeant, &
Rittweger, 2008, Lohman lii, Petrofsky, Maloney-Hinds, Betts-5chwab, & Thorpe, 2007; Rauch, 2009). These together support
the potential clinical application of WBY in CP rehabilitation.
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and 6MWT. Correlation results revealed that TUG was significantly
correlated with Rl (r=-512, p=.042), and 6MWT (r=—700,
p=.003).
Interpretation: This study suggested that WBV intervention can
control the spasticity, enhance ambulatory performance and
increase aclive ROM. Along with previous results, data from this
study revealed the potential use of WBV in clinical rehabilitation
in children with CP. Future investigations should focus on finding
the combination of treatment frequency and duration to achieve
an ideal result.

@ 2014 Elsevier B.V. All rights reserved.

1. Introduction

Cerebral palsy (CP), which occurs in 2-3 of every 1000 individuals, is one of the leading causes of
movement and posture disorders {Koman, Smith, & Shilt, 2004), Spasticity is a frequent-observed phe-
nomenon after upper motor neuron lesion, including stroke, head injury, spinal cord injury and CP, etc.
About seventy to eighty percent of children with CP demonstrate spastic clinical features (Krigger,
2006). These children are affected by neuromuscular symptoms such as impaired sensation and
increased muscle tone, and therefore demonstrate a decreased ability to voluntarily control their mus-
cle activities. As a result, a wide range of movement dysfunction can occur.

The goals of spasticity management are to improve flexibility and movement ability. Clinically,
other than the medication and injection treatments, muscle stretching and functional training have
been considered an integral part of patient’s daily management of spasticity. Our group has performed
a series of studies investigating the benefits of repetitive passive movements onto spasticity control,
sensory normalization and functional improvement {Cheng, Ju, Chen, Chang, & Wong, 2013; Cheng, Ju,
Chen, & Wong, 2012; Ju, Lin, Cheng, Cheng, & Wong, 2013; Ju, Liu, Cheng, & Chang, 2011). Repetitive
passive movements decrease spasticity via decreasing stiffness of the mechanical component, espe-
cially the muscle-tendon-unit (Cheng et al, 2013). These changes also arouse muscle spindle in
detecting its fascicle length (Ju et al,, 2013). Consequently, the motor function of the participants
improves.

However, research increasingly shows that spasticity and abnormal sensation are not the sole cul-
prits in producing motor dysfunctions such as impaired ambulation in children with CP (Damiano,
Martellotta, Sullivan, Granata, & Abel, 2000; McLaughlin et al., 2005). Poor muscle strength is also
an important factor that leads to movement dysfunction. Recently, vibratory stimulation was pro-
posed as a new therapeutic modality for the treatment of spasticity and muscle strengthening in par-
ticipants with upper motor neuron syndrome (Ahlborg, Andersson, & Julin, 2006; Chan et al., 2012;
Mess & Field-Fote, 2009). Whole body vibration (WBV), for which the participant stands on a vibrating
platform, delivers low-frequency, low-amplitude mechanical stimuli that enter the human body via
the feet. The vibrations stimulate the muscle spindles, sending nerve impulses to initiate muscle con-
tractions according to the tonic vibration reflex {Cardinale & Bosco, 2003). Compared to the repetitive
passive movement, this WBV protocol adds a muscle strengthening component to the anti-spastic
effects.

To date, little research examined the effects of WBV on the lower extremity spasticity and ambu-
latory function with clinical indicators in children with CP. A recent study examined the effects of a
9-min WBV program on children with CP. The mobility in these children improved, however the only
indicator for mobility was the change in self-selected walking speed. No spasticity measurement was
performed (Ruck, Chabot, & Rauch, 2010). Another study investigated the vibration effects onto pos-
ture and gait {Unger, Jelsma, & Stark, 2013). The vibration used in that study aimed at trunk muscle
strengthening. Besides, other than the posture-related measurements, only one gait parameter, the
1-Minute Walk Test, was assessed. The direct effect on spasticity was not evaluated.
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Furthermore, one study reported that WBV results in a significant decrease in spasticity in the knee
extensors but not in other muscle groups. Participants also showed increased muscle strength in lower
legs at a higher isokinetic knee testing speed (90°/s). However, the ambulatory parameters did not
change significantly (Ahlborg et al.,, 2006). Moreover, these findings are from adults with CP. Data from
children with CP are relatively scarce. Based on our previous research findings with regard to repeti-
tive passive movement in CP, it is likely that children with CP could benefit from WBYV training. There-
fore, the aim of this study was to evaluate the effects of WBV on lower extremity spasticity and
ambulatory function in children with CP.

2. Methods

A complete crossover design was employed in this study. The independent variables were the inter-
vention (WBV or control) and time (pre-WBV = time 1; post-WBV = time 2; 30 min post-WBV = time 3).
The effects of WBV were evaluated via variables including active and passive range-of-motion {AROM
and PROM) for both knee and ankle joints, relaxation index (Rl) assessed by the Wartenburg Pendulum
test, Modified Ashworth Scales (MAS) for bilateral knee extensors, timed up-and-go (TUG) and Six Min-
ute Walk Test (EMWT).

2.1. Participants

Sixteen children with CP, 9 boys and 7 girls, aged 9.8(2.3) years with diagnoses of either spastic
diplegia (N = 11) or spastic quadriplegia (N = 5) were recruited from a local hospital and a special edu-
cation school. The inclusion criteria were: add-up MAS scores of bilateral lower extremity greater than
two, ability to walk for at least G min with or without walking aids; and ability to comprehend com-
mands. Criteria which would affect their muscle tone and ambulatory performance were excluded.
Exclusion criteria were: the presence of a progressive neurological, genetic, or metabolic disorder,
or a severe concurrent illness or disease not typically associated with CP; lower extremity surgery
within the past 6 months; nerve block or botulinum toxin injection within the past 3 months; knee
joint range-of-motion limitation greater than 10°; and epilepsy. One of the authors performed the
selection process. Twelve participants walked independently without walking aids and four used 4-
wheeled walkers for ambulation. The Institutional Review Board for Human Studies of Chang Gung
Memorial Hospital approved this protocol. Written informed consents were obtained from all partic-
ipants and their legal guardians.

2.2. Equipment

The equipment utilized in this study included electrogoniometers (SG110, Biometrics, Ltd., Cwmf-
elinfach, Gwent, UK) and a WBV platform (AV-001A, Body Green, Taipei, Taiwan). The electrogoniom-
eters, taped on the lateral sides of the knee and ankle joints, were used to measure the degree of
flexion and extension. A Biopac MP150 data acquisition unit (Biopac Systems Inc., Santa Barbara,
CA, USA) was used for signal registration. The WBV platform could provide vertical vibration with a
magnitude of 8-40 Hz and an amplitude of 0.4-2.0 mm.

2.3. Protocol

Each subject performed both the WBV and control condition in a counterbalanced order on two sep-
arate days, one week apart. The subject was instructed to adhere to the daily routines between the two
days. For the WBV condition, participants stood on the vibration platform with the knees slightly flexed
at about 30° from full extension. Anterior knee stops and a pelvic belt were used along with the WBV
machine for securing their knees and pelvis to provide external support while standing. The partici-
pants were instructed to avoid holding on to the supported rail if possible however they were allowed
to hold onto the rail if necessary (Ness & Field-Fote, 2009). They were asked to focus on standing with
equal weights on both legs. Vibration was delivered at 20 Hz with a vertical displacement of 2 mm. The
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WBV was given for 20 min. For the control condition, participants followed the same procedure insteac
that the vibration machine was not turned on. After the intervention, the participants were moved to
the assessment area in wheelchairs to avoid any physical activity on their feet that might influence the
vibration effects.

2.4, Assessment

The following measurements were performed before (time 1), immediately after (time 2), and
30 min after (time 3) the intervention, in the order of active and passive range-of-motion measure-
ments {AROM and PROM) for kneefankle joints, Pendulum test, Modified Ashworth Scale {MAS),
timed-up-and-go (TUG), and Six Minute Walk Test (6MWT). The test-retest reliability for each vari-
able was evaluated from two consecutive days before intervention with ten children with spastic cere-
bral palsy, aged 9.71(1.66) years. Two change scores (Diff2-1/Diff3-1) were calculated from the three
time points, with the “before {(time 1)” score served as the baseline.

24.1. Measurement of joint range-AROM & PROM

The AROM measures the range of movement through which the subject can actively move a joint
using the adjacent muscles, whereas the PROM amount of motion at a given joint when the joint is
moved by an external force. To measure the flexion and extension, electrogoniometers were secured
on the lateral sides of the knee and ankle joints, For the AROM measurement, the subject was first
asked to actively move the kneefankle to full extension and then full flexion. Subject was asked to
maintain full extension and flexion for 3 s each and the median angles of the two 3-s intervals were
used for AROM calculation. For the PROM condition, their knees/ankles were passively moved by an
examiner to the end range for signal registration. The Intraclass correlation coefficients (ICCs) for
AROM and PROM were 0.73 and 0.79, respectively.

2.4.2. Measurement of spasticity — Wartenburg Pendulum test

The Pendulum test evaluated muscle tone by using gravity to provoke stretch reflexes of knee
extensors during passive swinging of the lower limb. The oscillatory movements of the lower leg were
captured by electrogoniometers at the lateral sides of the knee. The relaxation index (RI) was then cal-
culated as follows: RI = (starting angle — first angle)/(starting angle — resting angle) = 1.6 (Burridge
et al., 2005). The ICC calculated for Rl was 0.72. In case of spasticity, the oscillatory amplitudes were
significantly less as compared to those with normal muscle tone.

2.4.3. Measurement of spasticity — MAS

The MAS scale is widely used for measuring spasticity. A score of 0-4 was used to assess the resis-
tance of knee extensors to passive movement. The children laid supine with the lower leg hanging
freely over the edge and the knee passively extended by the examiner. The examiner moved the sub-
ject’s knee to a position of maximal flexion over 1 s. A score was then given based on the classification
by Bohannon and Smith {1987). The MAS scores of both legs were added up to represent the muscle
tone of the subject’s lower extremities. The ICC calculated for MAS was 0.92.

2.4.4. Functional measurement - TUG

TUG is a test used to assess a person’s mobility, TUG measured the time required for an individual
to stand up from a chair with armrests, walk 3 m, turn, walk back to the chair, and sit down. The sub-
ject walked with their regular footwear at their preferred speed with or without walking aids. The
examiner stayed with the participants to protect their safety at all times. High test-retest reliability
(ICC = 094) and an adequate validity (Spearman r= —.77) for the TUG in children with CP have been
reported (Zaino, Marchese, & Westcott, 2004),

2.4.5. Functional measurement - 6MWT

Six-MWT measured the distance walked within 6 min. A 7-m walkway was marked on a level floor.
The subject was asked to walk continuously along this walk way, turn around at the end, and continue
to cover as much ground as possible over 6 min. The examiner used standardized phrases for speaking
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to the patient to avoid improper encouragement and enthusiasm. High test-retest reliability
(ICC =0.98) for the 6BMWT in children with CP was revealed (Maher, Williams, & Olds, 2008).

2.5. Statistics

SPSS version 17.0 statistical software (SPSS Inc., Chicago, IL, USA) was used to analyze the data.
Descriptive statistics were used to calculate participants’ demographics. A two-way repeated mea-
sures analysis of variance (ANOVA) (condition (2) = change score (2)) was performed for all variables.
Change scores were used to show the improvement of each dependent variable measured at time 2
and 3 compared to the baseline {time 1). The alpha level was set at 0.05. The relationship between
functional improvements and changes in spasticity were examined by correlation analysis.

3. Results

Descriptive statistics for the cutcome variables in the two conditions on the three measurement
times are presented in Table 1. Descriptive and inferential statistics for the change scores are given
in Table 2. Significant differences were found in change scores between the treatment and control con-
dition for variables including knee and ankle AROM {p =.000), Rl (p=.000), MAS (p=.001), TUG
(p =.001) and 6MWT (p = .000). For MAS (p =.007) and 6MWT (p = .049) significant differences were
also found between the time change scores (2-1) and (3-1). No difference was found in PROM.

The relationships between functional improvements and changes in spasticity were investigated
via the correlation of change scores. The results revealed that change in TUG was significantly corre-
lated with change in Rl (r = —.512, p =.042), but not with change in MAS {r = —.150, p = .580). Change
in distance at the Six Minute Walk Test was significantly correlated with change in TUG (r= —700,
p =.003), but not with change in RI or MAS. No other correlations were significant.

4. Discussion

This study evaluated the effect of WBV on lower extremity spasticity and ambulatory function in
children with CP. The results revealed that spasticity, measured via the Wartenburg Pendulum test
and MAS, decreased. The ambulatory function, tested with TUG and GMWT, improved significantly
after the WBV. The AROM of both knee and ankle joints also increased. Findings of this study demon-
strated that the WBY is an effective intervention for controlling spasticity and improving ambulation.

Table 1
Descriptive statistics for outcome variables.

Variables WBY condilion Control condition
Time 1 Time 2 Time 3 Time 1 Time 2 Time 3

KAROM (*) 93.08 a8.71 97 .41 94.08 93497 93.37
{10.29) (10.54) (10.52) (11.03) (9.81) (8.43)

AAROM (7] 26.98 37.58 37.67 26.98 2765 2719
(6.48) (5.30) (5.46) (648) (6.43) (6.46)

KFROM () 104.39 105.32 103.69 104.20 10421 104.05
(11.05) (10.72)] (11.23) {(11.09) (10.65] (10.53)

AFROM () 48.82 48.76 49.82 48.82 4853 4870
{7.11) (4.69) (4.35) (7.11) (6.91) (7.02)

Rl (159 0.71 0.68 0.59 0.60 0.61
(0.07) (0.07) (0.09) (0.07) (0.08) (0.08)

MAS 4,63 313 1.56 4.88 4,50 4,75
(0.96) (1.09) (1.09) (0.96) (0.73) (0.86G)

TUG (5] 13.31 10.45 10,70 13.49 13.09 1299
(2.45) (1.53) (2.47) (223) (1.94) (2.03)

SMWT (m) 20222 219.74 208.35 20234 200.58 20069
(20.63) (22.05) (24.280) (20.59) (24.400 (20.51)

KAROM{AAROM: kneefankle active range of motion; KPROM/APROM: kneefankle passive range of motion; Rl: relaxation index;
MAS: Modified Ashworth Scale; TUG: tmed-up-and-go; 6MWT: Six Minute Walk Test. Values are expressed as mean (5D,



70 H-Y.K Cheng et al / Human Movement Science 39 (2015) 656-72

Table 2
Descriptive and inferential statstics for outcome analyses-change scores.
Varnables WEBV condition Control condition Cohen's drundiliim Prondition Pi'h.-'uw score I interaction
Change_score” Change_score”
biff2-1 Diff3-1 Diff2-1 Diff3-1 Diff2-1  Diff3-1
KAROM (°) 5.63(3.50) 4.33(205) -0.11(253) -0.71{4.57) 1.880 1423 0000~ 0.100 0523
AAROM (%) 10.59(4.407 10.69(5.31) 0.G7(2.45) 0.21(1.86) 2.786 2634 QOO0 0.659 0.452
KPROM (°) 094(2.18) —070{293) 001(1.56)  -0.15(1.54) 0491 0235 0750 0082 0.168
APROM (®) =006(6.01) —1.0K6.70) —=0.29(198) -0.12(1.90) 0.051 =0.179 0635 0.181 0227
RI 0.12(0.65) 0.0900.06) 0.01{0.05) 00200.04) 0.239 1373 Qo000 0217 0152
MAS 1.50{1.10) —1.06(1.12) —0.38(0.50) —0.13(034) —1.311 -1.124 0001 0007 0270

TUG (s) 286(2.36) 2.61{1.82) ~040(1.29) ~051(1.37) 1294 1304 0001 0826 0457
BMWT (m) 17.52(15.98) 6.13(7.76) -1.79(10.29) —165(9.41) 1.437 0802 0000~ 0049°  0.025°

Values are expressed as mean{5D). P = .05; P = 01.
Cohen's d refers to effect sizes based on the differences between the change scores (2-1 and 3-1) in the WBY and control
condition.

2 Different score: DIff2-1: difference between measurements “time 2' & “time 1™ Diff3-1: difference between measure-
ments “time 3" & “time 1.

These acute effects might promote children’s active participation in exercise training and/or therapeu-
tic interventions.

Whole-body vibration was presented to children with CP during supported standing on a vibrating
platform. The vibrations are believed to initiate muscle contractions by stimulating muscle spindles
and alpha motor neurons. Hence the electromyographic activity increases during WBV, resulting in
an effect similar to that of conventional resistance training (Delecluse, Roelants, & Verschueren,
2003). Unlike resistance training which usually needs strong motivation of the participants, vibration
therapy might serve as a form of muscle training that is largely independent of the motivation of the
patient (Rauch, 2009), WBV provides a great opportunity to patients with neuromuscular disorders
who often lack motivation to engage in muscle strengthening exercises.

Previous studies have reported that WBV has anti-spastic effects in patients with neuromuscular
diseases {Ahlborg et al.,, 2006; Chan et al,, 2012; Ness & Field-Fote, 2009). Modified Ashworth Scale
and the pendulum test are commonly used clinical assessment tools to rate subject’s spasticity. The
results in this study indicated that after WBV intervention, children with CP demonstrated a decrease
in spasticity, as measured with MAS and RL An electrophysiological study of vibration therapy to local
muscles has revealed its effects on spasticity (Liepert & Binder, 2010), The research suggested that
vibration effects are mediated through the activation of muscle spindles and transmission by Ia fibers,
which enhances cortical excitability of the vibrated muscle. At the same time, the vibration stimuli
also reduce activity in antagonistic muscles via reciprocal inhibition and supraspinal inhibition. A
more balanced interaction between flexors and extensors can thus be achieved. On the other hand,
research on WBV pointed out that it also resulted in a decrease of spasticity (Ahlborg et al, 2006;
Chan et al,, 2012; Ness & Field-Fote, 2009), With spasticity, the latency of the H-reflex shortens and
its amplitude increases. The WBY can facilitate presynaptic inhibition. Presynaptic inhibition of
la-afferents reduces the release of neurotransmitters to the motoneurons, weakens the effects of
la-afferents on motoneurons, thus resulting in a decrease of the H-reflex amplitudes. An influence
of vibration on mechanical muscle fiber properties may also have contributed to the clinical effect.

The improvement on TUG was significant after WBV intervention and lasted over 30 min. On the
other hand, the significant improvement on 6MWT seemed to fade gradually after the cease of the
intervention. The correlation analysis revealed that the change in TUG was significantly correlated
with the change in R1. The improvement in the latter variable, like the improvement in TUG, was main-
tained during follow-up period of 30 min. Since spastic muscles exhibit velocity-dependent hyper-
tonic reflexes and demonstrate higher passive stiffness, patients with measurable spasticity show
reduced angular velocity of the knee during walking and functional performance (Tuzson, Granata,
& Abel, 2003). As a consequence, the ambulation function improves as the spasticity decreases. In
addition, normalizing muscle tone can ease discomfort, thus improving walking ability and daily
functioning. The results on TUG and 6MWT in our study are in line with these considerations. Unlike
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TUG, BMWT might require longer intervention than provided in our study to obtain longer-lasting
improvement.

Significant improvement was also noticed in the AROM for the knee and ankle joints, both
immediately and 30 min after the intervention. To the authors’ knowledge, this was the first study that
measured joint ROM change after WBV intervention. The improvement in range of motion can be
explained by the stimulation of skin receptors, muscle spindles and the vestibular system (Katusic,
Alimovic, & Mejaski-Bosnjak, 2013), In the present study vibratory stimuli were directly delivered
to the soles of feet. These mechanical stimuli facilitate the activation of muscle spindles and enhance
cortical excitability of the vibrated muscles, leading to joint AROM increase. No such improvements
occurred in PROM. PROM is assessed by passively moving a joint to its extreme position. This move-
ment is slow and should not elicit reflex activity. Therefore, the limitation in PROM is mainly due to
mechanical constraints, such as the length of musculature surrounding the joint, the flexibility of joint
capsule, and the contour of bones, rather than to spasticity.

In addition to its anti-spastic effect, other benefits of WBV are worth mentioning. According to the
literature, the oxygen consumption, muscle temperature, skin blood flow and muscle power increase
during vibration therapy {Cochrane, Stannard, Sargeant, & Rittweger, 2008; Lohman lii, Petrofsky,
Maloney-Hinds, Betts-Schwab, & Thorpe, 2007). If applied repetitively, positive long-term effects on
muscle strength, balance, and bone density have been noted (Rauch, 2009). These results support
the clinical application of WBV in CP rehabilitation. Future investigations might focus on finding
the optimal combination of frequency and duration of WBV interventions.

This study suggests that a 20-min, 20 Hz WBV intervention can control the spasticity, enhance
ambulatory performance and increase AROM in knee and ankle in children with CP. However, a longer
follow-up period than the 30 min used in our study should be provided to investigate how long the
beneficial effects of a WBV intervention are maintained. Notwithstanding this limitation, however,
even on the basis of the short-term improvements demonstrated by us, clinicians might decide to
apply WBV prior to exercise or other therapeutic interventions.

Finally, we would like to draw attention to the fact that WBV needs close supervision, in particular
when it is offered to patients with physical and/or sensory problems, to safeguard them from losing
their balance.
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