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Abstract: Objecrive: To investigate the effect of 8-week whole body vibration training on gail performance and lower
extremity function in stroke patients with knee hyperexiension.

Methods: Total 30 subjects with stroke were randomized into the control group (n=15) or the intervention group (n=135).
The patients of intervention group were treated with whole body vibration while the control group was treated with
placebo. The walking function, lower limb function and knee hyperexiension times were assess in this study. Gail
performances were evaluated by 10-meler walk test. The knee hyperexiension limes was visually observed and counted.
The lower limb function was evaluated by Fugl-Meyer motor assessment.

Resulrs: The times of the knee hyperextension of the intervention group was significantly decreased compared with
control groups (P=0.000, d=1.749, 95%CI[2.915,7.285]). The walking function assessed by 10-meter test of intervention
group was significantly improved compared with control group (P=0.001, d=1.345, 95%CI[1.896,6.704]). The
performances of all the three tests were improved after training in both groups (P=0.000/P=0.000, d=1.500/d=1952,
95%CI1[3.309,9.801 )/ 95%%C1[5.549,12.45]; P=0.000/P=0.000, d=2.015/d=2.952, 95%CI[5.214,11.39)/95%C1[9.423,
15.98]; P=0.000/P=0.000, d=3.537/d=5_108, 95%CI[19.05,12.35])/95%CI[16.52,22.28]).

Conclusion: The results suggest that 8 weeks whole body vibration training can reduce knee hyperextension and increase

ambulatory speed in stroke patients,

Keywords: Stroke, knee hyperextension, whole body vibration training, lower extremity function.

INTRODUCTION

The prevalence of knee hyperextension has been reported
by a series of studies [1-3]. Knee hyperextension is defined
as an increase (more than five degree) in knee extension
during standing phase with or without pain, swelling,
snapping, slack [1]. It can be caused by many factors in
clinic practice such as the amyasthemia of musculi
quadriceps femoris, muscle spasm [2, 3], muscle weakness
of knee flexion [4-6], the muscle weakness of triceps surae,
spasm and contracture of Achilles tendon [7], contracture of
hip flexion, muscle weakness of hip extension. The knee
joint could be injured by habitual hyperextension which can
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produce ache, dysbasia [8, 9], synovitisand skeleton distort-
ion [10]. To solve the problem of knee hyperextension, a
scries of comprehensive assessments such as range of
motion, proprioception, muscle spasticity and motor function
can be performed and specific rehabilitation exercises can be
implemented. The traditional knee extension control training
and squat training can help control knee hyperextension. But
it is hard to improve the coordination ability of lower limbs
and the stability of joint [11. 12]. The effects of routine
physical therapy on knee hyperextension were still limited.
Therefore, new and advanced rehabilitation techniques are
needed 1o resolve this issue,

There is few evidence supporting the effects of whole
body vibration training on knee hyperextension, walking
speed and lower extremity function in stroke patients with
knee hyperextension [13]. Therefore, the aim of this study
wis to investigate whether whole body vibration training can
improve knee hyperextension, walking speed and lower
extremity function of stroke patients.

© 2015 Bentham Science Publishers
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MATERIALS AND METHODS
Subjects

This is a randomized controlled trial design. All patients
with stroke who had been admitted to the Department of
Physical Medicine and Rehabilitation of Jiangsu Province
Hospital were included from March 2014 to January 2015.

The Inclusion criteria consisted of the following: a first-
time, unilateral stroke due to infarction or hemorrhage, vital
signs stable, preserved cognitive and communicative ability
(all subjects scored above 24 on the Mini-Mental Status
Examination), strong initiative motivation of rehabilitation,
standing balance=2,

The exclusion criteria consisted of the following: serious
heart, brain and kidney diseases which can affect the sense
and motor ability of the lower limbs. Basecline data was
collected for each subject, include gender, age, height,
weight, time from stroke onset, stroke type, hemiplegic side
and assistive devices (if used). All protocols used in this
study were approved by the Medical Ethical Committee of
Nanjing Medical University and written informed consents
were obtained from all subjects or their family members
before study,

Methods

In the treatment group, subjects received whole body
vibration (I-VIB5050, Body Green, Taiwan) with a
magnitude of 6~10Hz and amplitude of 4.0mm. During the
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intervention, subjects were positioned on the platform in a
semi-squatting position and were kept in an upright position
with even weight distribution on both feet. The time course
included 60 seconds of vibration with a 10 seconds rest
interval, 10 rounds per set, eight sets per day. In the control
group, subjects followed the same procedures, but the
vibration machine was not turned on. Other exercises
included single leg standing with knee bending within 0 to
15 degree (treatment group did this on the platform with
vibration while control group without vibration, 30 seconds
per round with 10 seconds rest, 10 rounds per set, five sets
per day), range of motion exercise of lower limb, PNF
exercise, climbing stairs, walking with brace and clectrical
stimulation (see Table 1),

This study was a randomized controlled trial with
blinding of both subjects and assessors. Participants were
divided by simple randomization into a whole body vibration
group and a control group done by physician-1, who was not
involved in the assessment of the patients or the treatments.
Patient characteristics and all outcome measures before and
after treatment were assessed by an experienced physician-2,
who was blinded to the treatment allocations. The treatmenis
were carried out in a separated room for either vibration
training or sham treatment by physician-3. All physicians
were instructed not to communicate with the subjects about
the possible goals or rationale for either treatment. Fugl-
Meyer for lower extremity assessment (17 items, total score
34 points) [14], 10-meter walk test [15, 16] and subjective
observation of knee hyperextension [1] were evaluated
before and after 8-weck treatment (Fig. 1).

| Assessed for eligibility tnzizll

Excluded (n=2)(do not meet

[ Randomized{n=30)

inclusion criteria)

T~

WBYV group (n=15),
regular exercise plus
vibration intervention

Control group (n=15),
regular exercise without
vibrationintervention

Outcome analysis
(n=15)

Fig. (1. Flowchart of participants through each stage of study.
Table 1.

Outcome analysis
(n=15)

Progress of whole body vibration training during the eight weeks.

Week Position Magnitude | Amplitude | Training Time' Resting Time | Round | Set
Semi-squatting 6Hz 4.0mm s/ 105 10 K
fo3 Single leg standing with knee bending within 0 1o 15 degree 6Hz 4.0mm 30s/108 10 5
s Semi-squatting BHz 4.0mm 6ilka/ 1 s 10 &
Single leg standing with knee bending within 0 to 15 degree AHz 4.0mm 30s/10s 1] b
Semi-squatting 10Hz 4.0mm ks 1 (s ] b
e Single leg standing with knee bending within 0 10 15 degree 10Hz 4.0mm 30105 10 5
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Table 2.  Participants’ anthropometric and physiological characteristics ( ;tsl.
Group N | Age(Years) Height (cm) Body Mass (Kg) Course of Disease (Day) Ischemic Stroke Hemorrhagic Stroke
Control 15 S3toR 165.1+6.1 T23£9.5 504+61.4 12 3
Treatment | 15 38E6.0 16662 7.0 71682 66.9+42.9 10 5

Statistical Analysis

All the data were presented as the mean = standard
deviation (SD) and 95% confidence intervals (95% CI), Data
analysis was taken by IBM SPSS Siatistics 21. Two
independent sample t-tests were carried out by the scores of
FMA, 10 meter walk test (s) and times of knee
hyperextensions in two groups of patients before and after
treatment; P<0.05 was considered statistically significant.

RESULTS

There were total 30 patients enrolled in our study. Table
2 outlines the participants’ anthropometric and clinical
characteristics,

The FMA-L score, the 10m maximum walking speed test
and times of knee hyperextensions of two groups had no
statistical differences before treatment. However, after

walking speed test of both groups were improved signifi-
cantly (P=0.000/P=0.000, d=1.500/d=1.952, 95%CI1[3.309,
9.891) 95%CI[5.549,12.45]): P=0.000/P=0.000, d=2.015/d=
2,952, 95%CI[5.214,11.39)/95%CI[9.423,15.98]), and the
times of knee hyperextensions decreased significantly (P=
0.000/P=0.000, d=3.537/d=5.108, 95%CI[19.05,12.35)/95%
CI[16.52,22.28]) (Table 3); Compared with the control group
after treatment, the WBV’s 10 meters maximum walking
speed and times of knee extension had significant statistical
differences (P=0.001, d=1.345, 95%CI[1.5896,6,704]; P=
0.000, d=1.749, 95%CI1[2.915,7.285]) (Fig. 2).

DISCUSSION

This study was conducted to investigate the effect of
whole body vibration stimulation on knee hyperextension of
stroke patients during walking. In the present study, the
times of knee hyperextension were reduced, reflecting better
control of the knee joint during walking and standing and

treatments, the FMA-L score and 10-meter maximum I g
probably a reduced risk of injury and reduced energy
Table 3.  The comparison of The FMA-L score, 10-meter maximum walking speed test and times of knee extensions ( ;ﬂ}.
FMA-L 10 Meter Walk Test's knee Hyperextensions Times
Group | n
Before the Treatment | After the Treatment | Before the Treatment | After the Treamment | Before the Treatment | After the Treatment
Contral | 15 16.T=4.4 23,344 M o4 5 16,337 262454 10.5£32°
Treatment | 15 15.1+4.3 4, 1449 24.T+£5 5 12,02 6% 248447 54 426"
"The comparison of results afler treatment and before treatment, p=il03.
sftimes
30
25 ;T T
1 1
20 - I+'
15 t m control
I WBv
10 +— e |
5 | -
0
Before Afrer Before After
10-meter test knee hyperextension times

" The comparison of results after reatment and before treatment, p<0.05

Fig. (2). The comparison of 10-meter test and knee hyperextension times before and after treatment.
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exhausting. The 10-meter walk test indicated that gait speed
was significantly increased afier treatment. Improvement in
gait velocity is therefore clinically meaningful in terms of
changes in stroke-related function and quality of life,
especially for household ambulation [17].

The Knee joint is the biggest and the most complicated
joint of the human body. It transfers load, provides a couple
for legs, plays a very important role when walking. The
skeleton, muscles, meniscus, joint capsule, ligament and
proprioception have comprehensive effects on the stability of
knee joint. The strength of the muscles around the knee plays
an important role in coordination and stability of joint.
Relevant researches showed that stroke patients who walked
too early would result in knee hyperextension and ankle
plantar flexion because that the affected lower limb had not
have enough muscle strength to control the knee and ankle
joints which lead to increased muscle tone of these muscles
during walking [18-20]. When healthy people walk on the
ground at the early stage, their knee joints need slight flexion
to make the centrifugal contraction of musculi quadriceps
femoris to absorb the counterforce from the ground [21].
Patients with siroke who have delayed recovery of musculi
quadriceps femoris and eccentric contraction of knee are
unable to controll the knee collapse at the range of 0 to 15
degrees knee flexion. Instead, patients will place the knee in
the compensatory position of knee hyperextension to prevent
the collapse, which lead to the phenomenon of "locked
knee", and restrict knee-bent when the swing phase begins
[22]. Morcover, it will affect the normal, smooth and fluent
walking gait and lead to the pelvie lateral displacement
which will form a typical hemiplegic circle gait.

There are many researches about the prevention and
treatment of the knee hyperextension of the stroke patients
[12, 22-24], including muscle strength training for hip, knee
and ankle joints. However, the stability of knee joint is also
affected by many other aspects, such as the coordination of
extensors and flexors and the proprioception of joint [25].
The proprioception of muscle spindle and tendon is
transmitted to the spinal cord by the fast fiber. On one hand,
it excites motor neurons of the muscles directly. On the other
hand, it inhibits the activity of antagonist muscle which
makes the agonist and antagonist muscles to form an
interactive coordination and mutually restrict each other by
inhibiting interneurons activities [2]. The proprioception of
fascia and the deep connective tissue receptors is transmitted
by fibers in spinocerebellar tract to cerebellum. Although we
feel no subjective perception of body during the process of
walking, it has wvery important significance on  the
independent control of walking and standing activities [26].
Hemiplegic patients with stroke often face problems of the
weakness and loss of proprioception of limbs, so the single
factor targeted training in clinic for the key muscle strength
of hip, knee and ankle joint may not achieve good results.

In exploring an appropriate adjunct to resistance training
in stroke patients, we must sclect carefully the parameters of
mechanical vibration such as frequency, amplitude and
duration. Because high frequency (30-40Hz) and small
amplitude (1 mm) vibration of muscle can cause fatigue [27,
28]. So we applied whole body vibration at 6Hz to 10Hz and
4mm amplitude. Recent studies using such parameters
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reported an increase in voluntary force without fatigue [27,
28).

Stroke can impair an individual’s leg muscles to different
extent, However, instead of vibrating individual leg muscles
we exposed our patients to whole body vibration while
standing on a vibration platform in a crouched position and
in single leg standing with knee bending 0 to 15 degree. The
whole body wvibration training is completed by the
stimulation of mechanical vibration and induces streich
reflex to cause the muscular spindle and a motor neuron to
generate muscle contraction and thus enhance the strength of
muscles [29, 30]. Furthermore, there are no negative effects
on muscle tone [31]. The WBY group in this study combined
the squat and single leg standing training with the whole
body vibration training in order to facilitate the coordination
and control of the flexor and extensor of the lower limb, The
angle of knee flexion was adjusted gradually in the training
according to the patients” subjective feelings. The body
compensations during squatting were strictly controlled.
WBV used in its current form actively involves the patient,
requires balance and activates several lower extremity
muscles, including the quadriceps that is in a mildly
stretched position which may have the similar effect of PNF
stretch-contraction pattern and steady contraction pattern
[32, 33]. And the alternate isometric contraction of agonist
and antagonist muscle was conducted, which may lead to the
improvement of stability. The crouched posture emphasizes
the quadriceps muscle’s involvement and dampens the
propagation of acceleration waves 1o the head through the
skeletal system.

Because of the impaired proprioception, stroke patients
usually depend on the visual function during walking. Whole
body vibration is one of the strongest methods for increasing
proprioceptive input (mainly through la afferents), and it is
possible that increased proprioceptive input may induce
functional improvement, such as muscle activation and knee
control [2]. Many previous studies on whole body vibration
trials have reported its effectiveness in improvement in
parctic knee extensor muscle strength especially eccentric
contraction muscle strength [34], reduced ankle spasticity
[35], and postural control [36]. These may be the reason why
our patients could benefit from WBYV with decreased knee
hyperextensions and increased walking speed.

There was no difference between WBV group and
control group in Fugl-Meyer lower limb motor assessment
after eight weeks. This result could be caused by two
reasons. First, Fugl-Meyer motor assessment does not
measure proprioceptive, muscle strength and coordination of
the knee joint. So it could be less sensitive to the changes of
those parameters. Second, whole body vibration training may
have effects not only on lower limbs but also on trunk core
muscles which could lead to better performance during
walking. So there was no significant change in Fugl-Meyer
lower limb motor score between two groups.

There are still limitations in this study. First, it is not
clear which is the best frequency, amplitude and duration of
the WBV training for lower extremity in stroke patients.
Second, further investigate is need to see whether pure WBY
training can lead to similar benefits as the treatment group in
this study. Finally, we had small sample size preventing us
from dividing the sample into subgroup on the basis of type
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of stroke. More participants could have been included to
increase the power of the statistical analyses.

CONCLUSION

The whole body vibration training is a more effective
approach than traditional physical therapy for stroke patients
with knee hyperextension. It can improve gait performance
and increase walking speed.
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Effects of whole body vibration on walking efficiency in hemiplegia patients  Zha Juan. Xu Guangzu. Zhang Wen-
tong . et al. Rehabilitation Medicine Center, the Af filiated First Hospital of Nanjing Medical University. Nenjing
210029, China
[Absiract]  Objective,
Methls ,

To investigate the elfect of whole body vibration training on walking elficiency of the hemi

plegia patients, Eleven patients with cerchral apoplexy accepted the whole body vibration for 10 min with

vibration exciting {requency being 10 Hz. amplitude being 4 mm. Gait spatial and temporzl parameters containing

step lengthe cadence. walking speed. single support phase time. swing time and double suppont phase with time and

the largest maximum of lower joint angles were collected and caleulated by gait enalvsis system belore and alter in
welking speed, walking cvele,

~0.05).

tervention, Results: Aflier the whole body vibration stimulztion. stride frequency.,

double limb support phase. paretic swing phase, and step length were significantly increzsed { P= A signifi

cant increase in hemiplegia ankle dorsiflexion angle was associated with increased maximum hip flexion and knee

flexion ( P=20,05), Conclusion: Whole body vibration stimulation can significantly improve gait parameters and en-

hance lower limb walking zhilicy of patients with stroke.

[Key words] whole body vibration: gair znzlvsis;
4= Bk zh (whole body vibration, WBV) il 2 J&
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Effects of a single session of
whole body vibration on ankle
plantarflexion spasticity and
gait performance in patients
with chronic stroke: a
randomized controlled trial

Kwan-Shan Chan,' Chin-Wei Liu,'?2 Tien-Wen Chen,'
Ming-Cheng Weng,' Mao-Hsiung Huang': and
Chia-Hsin Chen':34

Abstract

Objective: To investigate the effects of a single session of whole body vibration training on ankle
plantarflexion spasticity and gait performance in chronic stroke patients.

Design: Randomized controlled trial.

Setting: Rehabilitation unit in university hospital.

Participants: Thirty subjects with chronic stroke were randomized into either a control group (n = 15)
or a group receiving a single session of whole body vibration (n = 15).

Intervention: The intervention group was actually treated with whole body vibration while the control
group was treated with placebo treatment.

Main measures: The spastic changes were measured clinically and neurophysiologically. Subjective evaluation
of ankle spasticity was performed via a visual analogue scale. Gait performances were evaluated by the timed
up and go test, |0-meter walk test and cadence. A forceplate was used for measuring foot pressure.
Results: The changes between whole body vibration and control groups were significantly different in
Modified Ashworth Scale (1.33, 95% confidence interval (Cl) = 1.06~1.60). The H_,./M_ ., ratio (0.14, 95%
Cl = 0.01~0.26) and visual analogue scale (1.87, 95% CI = |.15~2.58) were significantly decreased. Whole
body vibration could significantly improve gait velocity, timed up and go test (6.03, 95% Cl = 3.17~8.89)
and |0-meter walk test (1.99, 95% Cl = 0.1 1~3.87). The uneven body weight posture on bilateral feet was
also improved after vibration.

Conclusion: These results suggest that a single session of whole body vibration training can reduce ankle

plantarflexion spasticity in chronic stroke patients, thereby potentially increasing ambulatory capacity.
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Whole body vibration, spasticity, gait, stroke
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Introduction

The prevalence of post-stroke spasticity has been
reported to be as high as 39%.! Spasticity is defined
as a velocity-dependent increase in tonic stretch
reflexes with exaggerated tendon jerks due to
hyperexcitability of the stretch reflex.? Excessive
spasticity can linut functional recovery and cause
pain or contracture in stroke patients.® In addition, a
spastic limb can also negatively impact walking
ability, physical activities and gait, including a
reduction in step length and cadence.®

A spastic ankle joint is a major concern since
ankle plantarflexors contribute as much as 50% of
positive mechanical work in a single stride to walk
forward.® Decreased ankle dorsiflexion might cause
increased swing time and double-leg supporting
time in gait cycles.*® Therefore, spastic ankles
might decrease walking velocity and mobility.

The primary approaches to antispasticity man-
agement are conservative treatments and surgical
intervention. Conservative treatments commonly
include positioning, passive stretching, physiother-
apy with active movement, splinting, medication
and botulinum toxin injection.” Although surgical
treatment for spasticity 1s another therapeutic
option, potential for complications might be found.

Few studies have investigated the effects of whole
body vibration training on spasticity. Whole body
vibration training could reduce spasticity in the knee
extensors of adults with cerebral palsy® and chronic
spinal cord injuries.” Whole body vibration can stim-
ulate the muscle spindles and alpha motoneurons,'?
and initiate a muscle voluntary contraction as a result
of the tonic vibration reflex.'"'> Whole body vibra-
tion has been used to increase muscle strength and
improve proprioceptive control. Although it can
modulate motoneural excitability,!? its benefit for
spasticity is still not fully known. The purpose of this
study was to determine the ability of whole body
vibration to reduce spasticity in stroke patients.

Methods

All patients with stable, chronic stroke (as con-
firmed by computed tomography or magnetic

resonance imaging scans) who had been admitted to
the Department of Physical Medicine and
Rehabilitation of the University Hospital were
included. The inclusion criteria consisted of the fol-
lowing: a first-time, unilateral stroke due to infarc-
tion or haemorrhage with an interval of at least six
months since stroke onset, spasticity of the ankle
with a Modified Ashworth Scale =2, the ability to
ambulate with or without assistive devices for at
least 100 m, preserved cognitive and communica-
tive ability (all subjects scored above 24 on the
Mini-Mental Status Examination).'* no joint con-
tractures and sufficient motor control to perform the
functional walking tests. The exclusion criteria con-
sisted of the following: gallbladder or kidney stones,
recent leg fractures, internal fixation implants, a
cardiac pacemaker, intractable hypertension, recent
thromboembolism and infectious discases.

Baseline data were collected for each subject,
including gender, age, time from stroke onset,
stroke type, hemiplegic side and any use of antihy-
pertonia medications or ambulatory devices. The
subjects included in the study had not changed their
existing physical exercise programmes or medical
treatments within the month prior to participation. A
schematic outline of the study is shown in Figure 1.

Although high-frequency low-amplitude vibra-
tion is commonly used to muscle performance train-
ing, these parameters can cause muscle fatigue. ' '®
The effects in our study were contraindicated for
patients with impaired standing balance because of
the increase in the risk of falling and subsequent
influence on the ambulatory results.

In the whole body vibration group, subjects
received a single session of vertical whole body
vibration (AV-001, Bodygreen, Taiwan) with a
magnitude of 12 Hz and an amplitude of 4 mm.
During the intervention, subjects were positioned
on the platform in a semi-squatting position with
buttock support and were kept in an upright position
with even weight distribution on both feet. The time
course included two 10-minute periods of vibration
with a l-minute rest interval. In the control group,
subjects followed the same procedures, but the
vibration machine was not turned on.

In the preliminary study, the semi-squatting pos-
ture without buttock support was not suitable
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Assessed for eligibility (n=37)

Y

Excluded (n=5)

(did not meet
inclusion criteria)

Randomized (n=32)

N

WBYV group (n=16),
regular exercise plus a session of
vibration intervention

l

Discontinued intervention (n= 1)
(feared electricity in NCS)

|

Outcome data analyzed (n=15)

Control group (n=16),
regular exercise without
vibration intervention

l

Discontinued intervention (n= )
(refused for personal reasons)

l

Outcome data analyzed (n=135)

Figure |. CONSCRT flowchart of the study.WBV, whole body vibration; NCS, nerve conduction study.

because some patients could not tolerate the vibra-
tion in standing postures without support. It was
also not suitable for patients in sitting postures.
During the vibration, subjects were asked to distrib-
ute most of their body weight on their feet as evenly
as possible. All of the subjects could walk indepen-
dently with or without their original assistive
devices.

This study was a two-armed, randomized
controlled trial with blinding of both subjects and
assessors. Participants were divided by simple ran-
domization into a whole body vibration group and a
control group done by physician-1, who was not
involved in the assessment of the patients or the
treatments. Patient characteristics and all outcome
measures before and after treatment were assessed
by an experienced physician-2, who was blinded to
the treatment a”ﬂﬂﬂ[iﬂlls. ThL‘ trcatments were car-
ried out in a closed room for either vibration train-
ing or sham treatment by physician-3. All physicians
were instructed not to communicate with the

subjects about the possible goals or rationale for
either treatment. After whole body vibration train-
ing for around 30 minutes, the subjects were moved
to the experimental area in wheelchairs to avoid any
physical activity on their feet that might influence
the vibration results. Clinical assessments, neuro-
physiological tests and subjective improvement of
the soleus spasticity were evaluated before and after
the vibration. The Modified Ashworth Scale and
deep tendon reflex of Achilles tendon were used for
clinical assessments.'”?® Affected ankle spasticity
was estimated according to the Modified Ashworth
Scale, which has six degrees (0, 1, 2, 3, 4 and 5).
The deep tendon reflex of the Achilles tendon was
measured on the affected side and scored on a
5-point scale (range 0—4). The maximal amplitude
of H-reflex and the / /M, ratio were measured
to assess ankle spasticity. Subjective experience of
the influence of ankle spasticity on ambulation
was scored by participants using a visual analogue
scale (VAS). The VAS ranged from 0 to 10, with 0
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representing a spasticity-free status and 10 repre-
senting a maximal spastic intensity that interferes
with ambulation.?!

The timed up and go test evaluates balance and 1s
commonly used to examine functional mobility in
community-dwelling, frail, older adults.> In the
present study, the participants sat on a standard
chair and were instructed to get up and walk at a
comfortable and safe pace to a line on the floor 3
meters away, then turn around and return to the
chair to sit down again. The 10-meter walk test
examines gait speed.”* A 10-meter course was mea-
sured, and the start and finish lines were marked
with tape on the floor. Each subject was positioned
approximately a meter behind the start line and
instructed to walk at a maximal pace until approxi-
mately a meter past the finish line.

The subjects were asked to stand statically with a
natural posture on the forceplate (Physical Gait
Software, version 2.65), and the percentage of total
body weight on each foot was recorded. The static
pressure on each foot was divided among six areas
(Figure 2 on-line), and the pressure change for each
area was individually recorded before and after

Table |. General characteristics of the subjects

standing on each foot. No devices were allowed while
the participants were standing on the forceplate.

Statistics

All outcome measures were performed three times,
and the average was used for statistical analysis.
The data were presented as the mean + standard
deviation (SD) and 95% confidence intervals (95%
CI). Statistical procedures were performed by using
SPSS version 14.0 (SPSS Inc., Chicago, IL, USA).
Paired t-tests were used to compare the differences
between results before and after interventions in the
same group. The differences between the groups
were compared with two-sample #-tests and Fisher’s
exact test. A value of P < 0.05 was regarded as sta-
tistically significant.

Results

The flow of subjects through the study is shown in
Figure 1. The demographics of the study partici-
pants are shown in Table 1. The baseline

Characteristics WRBYV group (n =15) Control group (n =15) P-value
Age, years 56.07 (11.04) 54.93 (7.45) 0.744
Gender,n >0.99%
Men ] I
Women 5 4
Location of stroke, n 0.128
Left 12 )
Right 3 8
Type of stroke, n 0.1430
Ischaemic 10 5
Haemaorrhagic 5 10
Time post stroke, months 30.40 (25.80) 38.87 (38.22) 0.483
Min—max 6-93 6—122
Antispastic drug use, n 7 6 >0.99%
Ambulatory device use,n 0.8842
Regular cane 3 3
Quadricane 5 3

Values are mean ( 5D).
WBY, whole body vibration; min-max, minimal-maximum.
iP-value was computed by Fisher’s exact.
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characteristics were similar between groups. After
the intervention, for the unaffected side the
H_./M_ . ratio was significantly decreased in the
whole body vibration group (score change = -0.14
+ (.21, P< 0.05), but not in the control group (score
change = —0.00 + 0.07, P = 0.05) (Table 2). The
scores changes were significantly different between
whole body wvibration and control groups (0.14,
95% CI = 0.01~0.26, P = 0.031). On the affected
side, however, the score changes were significantly
different after the intervention, but not in the con-
trol group. In addition, the scores changes were not
statistically different between the whole body
vibration and control groups (P = 0.066).

Modified Ashworth Scale scores were signifi-
cantly different in the whole body vibration and
control groups (1.33, 95% CI = 1.06~1.60, P <
0.0001). The subjective assessment by VAS also
showed a significant difference between the whole
body vibration and control groups (1.87, 95% CI =
1.15-2.58, P < 0.0001). Deep tendon reflex or
H-reflex on both sides was not significantly differ-
ent between groups.

The performances of the timed up and go test
were significantly improved in the whole body
vibration group (6.03, 95% CI = 3.17~8.89, P <
0.003) (Table 3). In addition, 10-meter walk test
scores were also significantly improved in the
whole body vibration group (1.99, 95% CI =
0.11-3.87, P = 0.039). However, the score
changes in the cadence performances were not
statistically significant after whole body vibration
training (P = 0.277).

The change in body weight loading on each foot
showed a significant difference in the whole body
vibration group (Table 4). Before the intervention,
a higher proportion of body weight loading on the
affected side was recorded. After the vibration
training, the percentage of total body weight load-
ing on the affected side showed a significant
increase (-3.27, 95% Cl = -6.02~0.51, P =
0.022), whereas it showed a significant decrease
on the unaffected side (3.27, 95% CI = 0.51~6.02,
P =0.022).

The score changes of pressure loading of area E
on the affected sides were significantly different
after the intervention, but not in the control group.

Table 2. Change in the H-reflex, H,, /M, . ratio, Modified Ashworth Scale,VAS and Achilles deep tendon reflex from pretest to posttest for the whole

body vibration group and control group

Diff (95% Cl)

Control group P-value

WEBY group

Cutcome measures

Change score

Postrest

Change score Pretest

Postrest

Pretest

0.396 0.29 (-0.40,0.97)

0.066

0.01 (0.60)

5.10 (3.40) 5.11(3.47)

4.17 (1.68) 3.88 (2.14) 027 (1.13)
0.63 (0.43) 0.34(0.16) —0.27 (0.41)c
231 (0.93) 2.61 (1.03) —0.14 (1.21)

H-reflex (affected side) (mV)

0.22 (-0.02, 0.46)

0.35 (0.26) 0.30(0.17) -0.05 (0.17)

277 (1.22)  2.95 (1.34)

H oMo Tatio (affected side)
H-reflex (unaffected) (mV)
H M. (unaffected side)

Maodified Ashworth Scale

VAS

0.31 (-0.36,0.97)

0.14 (0.01,0.26)
1.33 (1.06, 1.60)
.87 (1.15,2.58)

0.348

0.17 (0.51)

0.031»

0.22 (0.17) 0.22(0.14) —-0.00 (0.07)

2.20 (0.41) 2.20 (0.41)

0.36 (0.27) 0.21 (0.13) —0.14 (0.21)¢

2,60 (0.63)

<0.0001°®
<0.0001®

0.055

0.00 (0.00)

1.27 (0.46) —1.33 (0.49)

5.33 (1.04) 5.27 (0.96) -0.07 (0.26)

247 (0.52) 2.47 (0.52)

6.33 (2.35) 440 (1.99) —1.93 (1.28)

033 (~0.01,0.68)

0.00 (0.00)

2.87 (0.52) 2.53 (0.52) —0.33 (0.62)

Achilles deep tendon reflex

WEBVY, whole body vibration; H-reflex, Hoffmann reflex; H_, /M., ratio, maximum Hoffmann reflex/maximum M response ratio:VAS, visual analogue scale,
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In addition, those were not statistically different
between the whole body vibration and control
groups (P=0.177) (Table 5 on-line). Similarly, after
whole body vibration training, the changes of pres-
sure loading of area F on the unaffected sides were
significantly different, but not in the control group.
These were not statistically different between the
whole body vibration and control groups. After
whole body vibration training, the pressure loads of
area E on the unaffected sides were significantly
decreased in the whole body vibration group (score
changes =-22.71 £ 26.32, P = 0.002), but not in the
control group (score changes = 433 + 10.59, P >
0.05). The scores changes were significantly differ-
ent between the whole body vibration and control
groups (27.04, 95% CI = 11.67-42.41, P =0.002).

Discussion

This is a randomized controlled trial in which we
are interested in investigating the effects of a single
session of whole body vibration training on ankle
spasticity in subjects with chronic stroke. Our
results showed that after whole body vibration train-
ing, ankle spasticity was significantly decreased and
gait performance was significantly improved.

As a result, we hypothesized that both the
H-reflex and the H_, /M, ratio on the affected side
would decrease after vibration training. The results
show that although the H, /M, . ratio on both the
affected (P < 0.02) and unaffected (P < 0.03) sides
decreased significantly within the whole body
vibration group, only the H /M, . ratio on the
unaffected side decreased significantly in the whole
body vibration group while compared to the control
group. We suggest that there 1s a trend toward a
reduction in the H, /M, ratio after vibration
training. The H-reflex on the affected and unaf-
fected sides did not decrease in either group. It is
possible that the mechanism of spasticity cannot be
fully explained by a simple monosynaptic reflex or
a single pathway®* such as that between a type la
afferent sensory neuron and an alpha efferent moto-
neuron. The study of their recovery should be fur-
ther investigated. Armstrong et al.” reported that all
subjects displayed significant suppression of the

H-reflex during the first minute afier whole body
vibration, whereas only some of the subjects showed
such suppression at 30 minutes. In that study, it was
noted that some level of potentiation occurred dur-
ing this period and that not all of the subjects were
fully recovered within 30 minutes. As there was a
limit to determining the recovery time, it is difficult
to conclude how much recovery time is required. In
our study, the effects could be maintained for 48
hours with VAS assessments.

Objective scores of spasticity (Modified
Ashworth Scale) decreased significantly in the
whole body vibration group. The finding of spastic-
ity reduction afier vibration was similar to that in
previous studies,®* demonstrating the possible ben-
efits of vibration training for ankle spasticity in
patients with stroke. Furthermore, the subjective
experience of the therapeutic effect as evaluated by
the VAS?! also revealed a significant decrease, sug-
gesting subject satisfaction following whole body
vibration training.

Other vibration effects on spasticity, including
presynatic inhibition and postactivation depression,
should be considered.®* Presynaptic inhibition of
la-afferents reduces the release of neurotransmitters
to the motoneurons and thereby weakens the effects
of la-afferents on motoneurons, resulting in inhibi-
tion of the H-reflex amplitudes. In our study, the
H-reflex amplitudes did not change significantly
after vibration; however, significant changes in
Modified Ashworth Scale were found. From the
results, correlations between presynaptic inhibition
and spasticity should be further studied.?

Based on past studies,'®'72¢ many researchers
have shown the beneficial effects of whole body
vibration training on balance and walking ability.
In the present study, the timed up and go test results
in the whole body vibration group showing signifi-
cant improvement after treatment, reflecting better
functional mobility in stroke patients after vibra-
tion training and probably a reduced risk of fall-
ing.”” The 10-meter walk test indicated that gait
speed significantly increased after (reatment.
Improvement in gait velocity is therefore clinically
meaningful in terms of changes in stroke-related
function and quality of life, especially for house-
hold ambulation.*¥
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Although the cadence values in the study group
demonstrated a beneficial effect on vibration train-
ing, the results were not statistically significant. It
may be that the subjects lacked sufficient time to
develop a new gait pattern and that more time might
be needed to adjust muscular adaptation or neuro-
muscular coordination after vibration ftreatment.
Thus, long-term follow-up might be needed to show
a difference in the 10-meter walk test after whole
body vibration training.

Giait performance was improved after whole
body vibration training. Decreased ankle spasticity
might affect the gait performances, especially in
terms of mobility and speed. The improvement in
ankle joint control could increase gait velocity.*®
This finding might indicate that whole body vibra-
tion is effective in enhancing neuromuscular
rehabilitation.

The forceplate data showed that the percentage
of body weight loading distributed on the atfected
side increased (7 = 0.022) after vibration training,
indicating that the participants shifted their body
weight from the unaffected side toward the affected
side during static standing. These effects might be
due to less plantar flexion and ankle inversion of the
affected ankle. Mecagni et al.*” reported that ankle
range of motion may be associated with balance
during ambulation and also indicated that all ankle
motions contribute to the maintenance of balance
during gait.

This study demonstrated a beneficial effect of
whole body vibration training in stroke patients, but
it had some limitations. First, more participants
could have been included to increase the power of
the statistical analyses. It also may have been bene-
ficial to follow the progress of the participants to
investigate the impact of whole body vibration
training on stroke patients over a longer period of
time.

In summary, a single session of whole body
vibration training appears to successfully reduce
ankle spasticity in stroke patients, thereby improv-
ing gait performance, particularly with regard to
walking mobility and gait speed. This training was
well tolerated and appreciated by most patients and
could be used as a valuable adjunctive therapy in
the management of stroke patients with spasticity.

Clinical Rehabilitation 26(12)

Clinical messages

¢  Whole body vibration could reduce ankle
plantarflexor spasticity in patient with
chronic stroke.

¢ With decreased ankle spasticity gait perfor-
mance, especially in gait speed, improved
significantly.
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