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The aim of this study was to estimate the immediate effects of plantar
vibration, applied to the more affected foot, on balance impairment in
patients post-stroke. This pretest-posttest clinical study included 18 pa-
tients (13 men) poststroke; mean age 56.0+8.9 years (range, 41-71
years). One session of 5-min vibratory stimuli (frequency, 100 Hz) was
applied to the plantar region of the more affected foot of all participants.
The plantar vibration significantly improved the Timed UP and Go test
(P=0.03, Cohen d=0.15), ankle plantar flexor muscle spasticity
(P=0.008), and ankle passive range of motion (P<0.001, Cohen d=0.74).
The posturography measures and Functional Reach Test did not im-
prove significantly (P>0.05). Vibration stimuli applied to the plantar re-

INTRODUCTION

Stroke is the most common cause of disability in adults. Pa-
tients with stroke often experience various problems such as mus-
cle spasticity, weakness, abnormal gait, and balance dysfunction
(Arene and Hidler, 2009). Balance impairment is common after
stroke which increases the risk of falls (Lamb et al., 2003). A
study found that 83% of patients with stroke had balance dys-
function (Tyson et al., 2006).

Fall is a common complication observed in as high as 73% of
patients with stroke (Yates et al., 2002) which may contribute to
serious injuries and life-threatening problems (Divani et al.,
2009). Thus, improvement of balance and reducing falls are one

gion of the more affected foot had significant effects on spasticity, ankle
passive range of motion and dynamic balance as evaluated by the
Timed Up and Go test in patients poststroke. There was no effect on
static balance performance. Based on the results, the focal vibratory
stimuli applied directly to the plantar region of the more affected foot
may be recommended to improve the functional mobility and dynamic
balance in patients with stroke.

Keywords: Stroke, Balance, Vibration, Posturography, Spasticity,
Physiotherapy

of the important goals in stroke neurorehabilitation.

Patients with stroke usually present with sensory deficits and
reduction in cutaneous sensation (Carey, 1995; Sterzi et al., 1993).
Muscle weakness and sensory dysfunction are factors influencing
poor balance in patients poststroke (Tyson et al., 2006). The im-
pairment of plantar cutaneous sensation has been recently report-
ed to contribute to balance dysfunction in individuals after stroke
(Parsons et al., 2016). Sensory deficits, therefore, may contribute
to poor balance, and can have negative effects on the functional
outcomes of patients with stroke.

There are various strategies of physiotherapy (PT) interventions
used for treating impaired balance in patients poststroke (Chen
and Shaw, 2014; Pollock et al., 2003). PT interventions have
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shown limited effect on improving balance in individuals after
stroke (Geurts et al., 2005; Pollock et al., 2014). The evidence for
the efficacy of sensory stimulation modalities on balance in pa-
tients after stroke is limited (Geiger et al., 2001; Johansson et al.,
2001; Pomeroy et al., 2006).

Vibration stimulation is an effective modality which can be
used in neurological rehabilitation (Sui et al., 2014). Vibration
based methods in either focal or whole body vibration (WBV)
form have been used in healthy and patients populations to im-
prove functional outcomes (e.g., Murillo et al., 2014; Schlee et al.,
2012; Wanderley et al., 2011). A recent systematic review and
meta-analysis included seven studies with 298 chronic stroke pa-
tients to assess the effects of WBV and found no beneficial effects
of WBV on balance and gait performance (Lu et al., 2015). How-
ever, studies on the effects of focal vibration applied to the plantar
region in elderly women (Wanderley et al., 2011) and application
of vibration to the feet via vibrating insoles in young and elderly
participants (Priplata et al., 2003) have demonstrated beneficial
effects of plantar vibration on balance control. A case study to
demonstrate the short-term effects of plantar vibration in a
72-year-old man with stroke reported beneficial effects on balance
(Naghdi et al., 2013). Recently, a study used clinical measure of
Mini-Balance Evaluation Systems Test (Mini-BESTest) to investi-
gate the effects of plantar vibration on balance in patients suffer-
ing from stroke and found improvements in balance, ankle plantar
flexor spasticity, and ankle dorsiflexion passive range of motion
(PROM) (Karimi-AhmadAbadi et al., 2017).There are no further
studies addressing the effects of plantar vibratory stimulation on
balance control in patients poststroke (Murillo et al., 2014).
Therefore, the objective of the present study was to assess the ef-
fects of focal vibratory stimuli applied to the plantar region on the
balance of patients after stroke. We postulated that the balance of
patients with stroke could be improved through the application
of vibration directly to the affected foot.

MATERIALS AND METHODS

Design

A clinical investigation with a pretest-posttest design was fol-
lowed for this pilot study. The Review Board and the Ethics
Committee of Tehran University of Medical Sciences (TUMS) ap-
proved the study protocol.

Participants
Patients with stroke attending the Rehabilitation Clinics of
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TUMS were recruited to participate in this study. Inclusion crite-
ria were: (a) first-ever stroke, (b) age > 18 years, (c) duration since
stroke >6 months, (d) balance deficit confirmed by one leg stance
(OLS) test; patient unable to stand on affected leg for 30s with
eyes open, (e) able to walk without the use of aids, and (f) able to
understand verbal commands. Exclusion criteria were: (a) partici-
pation in other treatment protocols for balance, (b) presence of
conditions other than stroke affecting balance, (c) history of low-
er-limb surgery within the previous year, (d) fixed ankle contrac-
tures, and (e) unwillingness for participation in the study. Written
informed consent was obtained from all individuals before taking
part in the study.

Procedure

This study was petrformed in Physiotherapy Clinic for Stroke at
School of Rehabilitation, TUMS. The participants were inter-
viewed to collect information including: age, sex, diagnosis (cere-
bral infarction or hemorrhage), duration since stroke onset, and
affected side. The height and weight were measured to calculate
the body mass index (BMI [kg/m’] = weight [kg]/height [m’]). The
outcome measures of Timed Up and Go test (TUG), Functional
Reach Test (FRT), Modified Modified Ashworth Scale (MMAS),
and ankle PROM were administered in this order to participants.
The second part of the assessment was posturography using force
platform during bipedal standing in the eyes open and closed con-
ditions to calculate the anteroposterior displacements (AP) of cen-
ter of pressure (COP) in cm, mediolateral (ML) displacements in
cm, surface area (cm?), and mean velocity (cm/sec). All measure-
ments were taken before and immediately after treatment. An ex-
perienced physiotherapist in neurorehabilitation performed all the

assessments.

Outcome measures

The primary outcome measures were: (a) TUG, (b) FRT, and (c)
posturography balance measures. The MMAS and ankle PROM
were the secondary outcomes.

Timed Up and Go

The participant was instructed to sit back in the chair without
arms, to stand up on the command “Go,” walk 3 m to the line
marked on the floor at a normal pace, turn 180°, and walk back
to the chair, and sit down again on the chair (Podsiadlo and Rich-
ardson, 1991). The assessor recorded the time with a stopwatch in
seconds. The TUG test is a reliable and valid functional test in
patients with stroke to monitor changes in mobility and dynamic
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balance after treatment (Flansbjer et al., 2005; Knorr et al., 2010;
Ng and Hui-Chan, 2005).

Functional Reach Test

The participant was asked to stand with feet shoulder width
apart with the affected side next to the wall. From this position,
the participant was instructed to clasp their hands and forward
flex the arm to approximately 90° parallel to the floor. Then, the
participant was asked to reach forward as far as possible without
taking a step or losing balance (Duncan et al., 1990). The FRT
has excellent intrarater reliability and validity to evaluate static
standing balance in patients with stroke (Duncan et al., 2003).

Modified Modified Ashworth Scale

Participants were rested for 5 min in the supine position prior
to testing. The physiotherapist used the ordinal MMAS for rating
plantarflexor spasticity from 0 (no increase in muscle tone) to 4
(affected part rigid) (Ansari et al., 2006b; Ansari et al., 2008). The
MMAS has shown very good intrarater reliability for assessing
plantarflexor spasticity (Ghotbi et al., 2011). In this study, the
Persian version of MMAS was used (Nakhostin Ansari et al.,
2012).

Ankle PROM

The participant was in supine position on an examination table
with the knee in extension (Radinmehr et al., 2017). The 90° was
defined as the neutral position for the measurements using an an-
kle biplane goniometer (Bissell Health Care, model 7524, USA).
Ankle dorsiflexion and plantarflexion from the neutral position
was given either a positive or negative value (Ansari et al., 2006a).

Posturography

A Kistler force platform (Kistler Instrumente AG, Eulach-
strasse 22, 8408 Winterthur, Switzerland) was used for postural
sway measurements. The participants were asked to stand barefoot
on the force platform with heels 9 cm apart and toes at 30° out
and arms along the body sides. Participants were requested to
stand comfortably while gazing at a point placed at a 2-m dis-
tance. To collect the COP data, three trials of 20s with eyes open
or closed were made with 20-sec rest interval between trials in
seated position. The average of the 3 trials was calculated and used
for analysis. The data were collected with a sampling frequency of
100 Hz and a zerophase, fourth-order Butter worth low-pass filter
and 10-Hz cutoff frequency.

https://doi.org/10.12965/jer.1836044.022

Fig. 1. Plantar vibratory device. (1) Foot strap, (2) foot plate, (3) adaptor, (4) on/
off switch, (5) right on/off switch, (6) left on/off switch, (7) voltage control
switch, (8) ankle strap, and (9) plate inclination handle.

Intervention

A custom-made vibratory stimulation device (Erteashate Tebbie
Iranian Co., Tehran, Iran) was used to deliver the vibration stimuli
to the plantar region while the participant was in a supine posi-
tion (Naghdi et al., 2013). The device consisted of two vibrators
mounted within a box (dimension [widthxlengthxheight, 30x
45%20 cml) (Fig. 1) with the top of box having two plates for each
foot through which vibratory stimulations could be delivered to
the entire plantar regions. The device delivers vibration stimuli
with frequencies ranging from 40—-100 Hz, and each foot could be
treated separately or simultaneously using this device. Velcro
straps were used to fix the feet in place. The angle of the box
could be adjusted to the foot position so that the vibratory stimu-
lation could be delivered to the entire plantar region.

A physiotherapist provided the intervention using the vibratory
stimulation device. The participant was asked to lie on an exam-
ination table in a supine position with knees flexed and the more
affected foot on the same plate as the vibratory stimulation device.
Participants received vibratory stimulation (100 Hz) to the plan-
tar region for 5 min to only the more affected foot for a single

S-min session.

Data analysis

SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) for windows was
used to perform statistical analyses. One-Sample Kolmogor-
ov-Smirnov test was used to determine the distribution of sample
data. The mean (standard deviation) and median (interquartile
range) were calculated for continuous and ordinal variables, re-
spectively. Paired #-test was employed to compate the prepost
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data. A General Linear Model, Within Participants Design, was
used to determine the time effect (cwo testing pre- and posttreat-
ment), test condition effect (eyes open, eyes closed), and time x test
condition interaction. The MMAS scores were analyzed by Wil-
coxon signed rank test (WSRT). Cohen & was used to measure the
treatment effect sizes. P-values were set at <0.05 defined as statis-
tically significant.

RESULTS

Eighteen participants with stroke (male, 13; female, 5; mean
age, 56.0%8.9; stroke duration, 33.0+28.3 months; BMI
28.0+5.2 kg/m”®) volunteered to participate in the study (Table 1).
Ten participants had left hemiplegia. The data was normally dis-
tributed for continuous variables, therefore we used parametric
tests.

The severity of spasticity statistically improved after treatment
(median 3 [1-3] to 2 [1-3]; WSRT, Z=-2.65, P =0.008). Partici-
pants improved in the TUG and FRT after vibration therapy,
however only the TUG changes were statistically significant
(P=0.03), as demonstrated in Table 2. The effect sizes for both
TUG test and FRT were small (Table 2). The ankle PROM sig-
nificantly improved after treatment (WSRT, Z =-3.63, P <0.001;
pre, 4.4+5.2 [range, -5 to 14]; post, 8.3+5.4 [range, 0-20.0)).
The effect size for the ankle PROM was large (Cohen =0.74).
No significant improvements occurred in the posturography vari-
ables with eyes open or closed after vibration therapy (Table 3).
Only significant main effect of vision was revealed for mean veloc-
ity (F=44.99, P<0.001), AP and ML displacements (F=34.75,
P <0.001). The timex vision interaction was not significant for

Table 1. Demographic characteristics of patients with stroke (n=18)

Characteristic Mean= SD (range)
Age (yr) 56.0+8.9(41-71)
Height (cm) 166+10(146-190)
Weight (kg) 78.2+18.0(54.5-105.5)

Body mass index (kg/m?)
Duration of stroke (mo)

280+5.2(20.5-37.4)
33.0+28.3(6.0-96.0)

SD, standard deviation.

Table 2. Results of clinical tests

Variable Pre Post Pvalue Cohen d
TUG (sec) 22.13+1560 20.02+12.80 0.03 0.15
FRT (cm) 173+76 18.0+7.1 051 0.10

posturography measures (P > 0.05).

DISCUSSION

This study found that the direct focal vibratory stimuli at 100
Hz applied to the plantar region for 5 min in a single session im-
proved functional mobility and dynamic balance as measured by
the TUG, plantarflexor spasticity, and ankle PROM in a sample
of patients poststroke.

Vibratory stimulation is a simple, noninvasive therapeutic
method for the treatment of motor disorders and to reduce spas-
ticity. To facilitate the paretic muscle, application of vibration to
the muscle selectively stimulates the Ia or primary spindle end-
ings and Ia inhibitory interneurons which causes a tonic vibration
reflex thereby induce nonvoluntary contraction in the vibrated
muscle and inhibits the muscle antagonistic to the activated mus-
cle. Therefore, vibratory stimulation is traditionally applied to the
antagonistic muscles in order to decrease the tone of spastic mus-
cles (Bishop, 1975).

However, it was found in this study that sensory vibratory
stimulation applied to the plantar region of adult post stroke im-
proved plantarflexor spasticity and ankle PROM; both important
factors for balance and fall risk. A 1-point reduction in the median
MMAS score suggests that the immediate antispastic effects of vi-
bration applied to the plantar region have clinical importance.
Improvement in spasticity level found in this study is consistent
with those in the literature that concluded focal vibration could
be used to reduce spasticity in neurological conditions (Karimi-
AhmadAbadi et al., 2017; Murillo et al., 2014). The reason why
the direct application of vibratory stimulation to the plantar re-
gion reduced the spasticity of the plantarflexor muscles remains to
be elucidated. The antispastic effect observed following vibration
applied to the sole region in this sample of patients poststroke
might be explained by central mechanisms (Binder et al., 2009;
Nardone and Schieppati, 2005). Vibration applied to the plantar

Table 3. Results of posturography

Eyes open Eyes closed
Measure
Pre Post Pre Post
Displacement velocity ~ 3.03+051 298+045  339+048 332+043
(cm/sec)

0.33£0.12  0.36+0.18
048+012 041+0.20
418+573 355+2.48

0.39+0.17 0.39+0.16
064+0.17 066+0.22
454+280 5.10+3.70

ML displacement (cm)
AP displacement (cm)
Surface area (cm?)

Values are presented as mean + standard deviation.
TUG, Timed Up and Go test; FRT, Functional Reach Test.

262  http://www.e-jerorg

Values are presented as mean + standard deviation.
ML, medial-lateral; AP, anterior-posterior.
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region could enhance the inhibition of neuronal elements in the
nonvibrated plantarflexor muscles at a supraspinal level and de-
crease the excitability of the alpha motor neuron. The decreases of
spasticity may be explained by the duration of vibration. Vibra-
tion for more than 1 min has been reported to reduce motor unit
firing, motor output and cortical excitability (Issurin, 2005).

Balance is influenced by multiple factors. Normal muscle tone
and sufficient ankle ROM are two important factors that allow
the individual to have balance and postural stability during gait.
Upper motor neuron syndrome such as stroke, can result in dis-
turbed motor control and joint immobilization which can gradu-
ally lead to soft tissue contracture and increased muscle stiffness
(Gracies, 2005). Hyperactive stretch reflexes together with in-
creased passive stiffness due to mechanical changes in muscles, if
untreated, can worsen the condition. Spastic muscle fibers have
been demonstrated to be almost twice as stiff when compared to
normal fibers (Fridén and Lieber, 2003). Plantarflexor muscle
stiffness has been also reported to be abnormally high on the pa-
retic side (Lamontagne et al., 2002).

In the present study, patients had limited ankle PROM indicat-
ing soft tissue and muscle contracture around the ankle joint. Al-
though ankle PROM showed improvement after the application
of vibration to the foot plantar region and large effect size was ob-
tained, it was still limited. It remains to be investigated whether
applying vibration to the plantar region for longer time duration
or performing multiple treatment sessions may result in greater
increases in ankle PROM. Improvement in ankle PROM ob-
tained in this study that is consistent with Karimi-AhmadAbadi
et al. (2017) might be explained by spasticity reduction as well as
an increase in tissue compliance (Bae and Kim, 2012).

The FRT assesses the ability of patients to reach forward and
can help to identify fall risk. There was not a significant improve-
ment in the FRT after treatment despite increases in reaching
function (~4%). The FRT values found in the prepost time points
indicate that patients in this study had limited functional balance
being in the moderate risk category for falls (Duncan et al., 1992).
The nonsignificant result might be attributable to sample size or
inadequate dose of vibration. A long-term study with a larger
sample of participants and longer duration of vibration may be
warranted. Nevertheless, a study found that FRT is influenced by
trunk movement, does not measure all aspects of balance, the FR
distance is not correlated with center of mass displacement, and it
is a weak measure for evaluation of stability limits (Jonsson et al.,
2003).

A significant, small effect on the TUG test was identified. The

https://doi.org/10.12965/jer.1836044.022

TUG test is a measure of mobility and dynamic balance that im-
proved about 10% after the intervention. Improvement in the
TUG test might be explained by decreases in spasticity level, in-
creased ankle PROM, and perhaps enhanced sensory information
provided by vibration. Although a 10% reduction in the mean
TUG test score may be clinically acceptable and relevant follow-
ing a single treatment applied for 5 min, a study reported a change
of at least 23% in TUG score must be observed poststroke to in-
dicate a real, clinical improvement (Flansbjer et al., 2005). Small
sample size, single treatment session, and duration of vibration for
5 min might be the reasons for the less than optimal changes that
occurred in TUG test. Mean TUG scores pre- and posttreatment
(>20 sec) indicate that the participants still need further inter-
vention (Podsiadlo and Richardson, 1991). In the present study,
the participants were also tested with a force plate whereby the
body sway and the static postural control could be objectively
evaluated. Both static and dynamic balances are important for the
performance of daily activities. Similar to the FRT, posturography
(i.e., a static measure of balance) did not show significant changes.
Static balance is important as it is a measure to predict indepen-
dence and fall risk (Rogers et al., 2003). The objective data pro-
vided by the force plate indicated that no changes occurred with
the vibration protocol used in this study. This indicates that the
strategies and neuromuscular responses to minimize the COP dis-
placements did not occur to improve balance in static posture
(Visser et al., 2008). However, in a study with women 60 years or
older investigating the effect of vibratory stimuli of 100 Hz ap-
plied to the plantar region for 12 sessions, found beneficial effects
in posturography measures in anterior displacement, postural con-
trol of the AP axis, and the eyes closed condition. No effects were
identified in the clinical balance tests of OLS, FRT, and TUG test
(Wanderley et al., 2011). Further, in a recent study in patients
with stroke, the plantar vibration improved the balance in terms
of Mini-BESTest scores (Karimi-AhmadAbadi et al., 2017).

In eyes closed, the postural sway was higher compared to the
eyes open reflected in the significant main effects for mean veloci-
ty, AP and ML directions as well as high values detected for sur-
face area during eyes closed. These findings consistent with previ-
ous report (Marigold and Eng, 2000) indicate that the eyes closed
condition challenged the postural stability, and postural control in
both sagittal and frontal planes decreased following changes in
test condition from eyes open to eyes closed. The worst petfor-
mance in eyes closed and decrease in balance control has been re-
ported in healthy participants, as well (Sawacha et al., 2013). This
finding indicates that visual information along with the informa-
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tion from somatosensory and vestibular systems is important to
maintain balance (De Oliveira et al., 2008; Horak et al., 1997)
and removing information from eyes increases the body sway even
in healthy participants and in quiet standing (Sawacha et al.,
2013). However, patients with stroke have been demonstrated to
have poor balance in both eyes open and eyes closed, and visual
information do not improve the postural control and balance
compared to the healthy participants (Geurts et al., 2005; Sawa-
chaetal., 2013).

The present study has several limitations. First, the number of
participants was small. Second, only functional assessment tools
for balance were used in this study, thus future studies should in-
clude system based tools such as the BESTest (Horak et al., 2009)
which can help clinicians to specify the type of balance dysfunc-
tion in order to direct treatment and to determine what system
may be influenced by vibration (Mancini and Horak, 2010).
Third, no control or placebo group was included in the study to
compatre the post measures. A control group was not included in
this study because it was assumed that the placebo vibration
would not show significant better effects on balance compared to
the real vibration. Fourth, the assessor and the physiotherapist
treating the participants were the same, introducing possible bias.
Finally, participants were not followed-up to determine the long-
term effects.

In conclusion, vibratory stimuli at a frequency of 100 Hz ap-
plied to the plantar region of patients poststroke could have bene-
ficial effects on muscle spasticity assessed by MMAS, ankle
PROM measured by goniometer, and dynamic balance assessed
by TUG test. With regard to static balance, there were not signif-
icant improvements. Further research is necessary to characterize
the effects and the optimal dose using a rigorous, double-blinded
randomized controlled study design in a larger sample of partici-
pants. Based on the results, the vibration stimuli applied to the
plantar region of the more affected foot may be added to PT pro-
gram to improve functional mobility and dynamic balance in pa-
tients with stroke.
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