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This study aimed to investigate the effect of whole-body vibration ther-
apy on lower extremity function in subacute stroke patients. Subacute 
stroke patients who were able to undergo gait training were randomly 
divided into a vibration therapy group and a control group. All patients 
attended 20-min training sessions twice daily, 5 times a week for 2 
weeks. Each session included 45 squats. The vibration group trained on 
a vibration platform and the control group trained on the ground. The 
degree of maximal isokinetic voluntary contraction torque was evaluat-
ed, and manual muscle tests of hip and knee flexion and extension 
were performed. The Berg Balance Scale, 10-m walk test, Timed Up 
and Go Test, and Functional Ambulation Category were used. A total of 
38 patients, 20 in the vibration group and 18 in the control group, were 
included in the analysis. After the 2-week therapy, the vibration group 

showed significant improvements in lower extremity strength, balance, 
and gait performance. The vibration group showed significantly better 
performance on the Berg Balance Scale, 10-m walk test, and Function-
al Ambulation Category than the control group. There were no signifi-
cant differences in maximal isokinetic voluntary contraction torque or 
manual muscle tests between the groups. Our results suggest that ad-
ditional training with whole-body vibration may effectively improve the 
balance and gait performance of subacute stroke patients. Further 
studies on large populations are required to determine the therapy’s 
clinical efficacy.
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INTRODUCTION

Stroke is a serious medical condition with various complications 
caused by brain damage, including motor weakness, sensory defi-
cit, balance and/or proprioception impairment, cognitive impair-
ment, language problems, and swallowing difficulties. Gait dis-
turbance and impaired functional mobility are common problems 
in stroke patients. As independent transfer is vital to performing 
activities of daily living, efforts to improve gait function are a cru-
cial part of rehabilitation. Many types of treatment have been de-
veloped to that end, including therapeutic exercise, electrical 
stimulation, transcranial magnetic stimulation, and robotics-as-
sisted gait training.

Whole-body vibration (WBV) therapy has recently been inves-
tigated as a rehabilitation method for athletes and patients. It has 
been increasingly used in clinical practice for improving neu-

ro-motor performance in various patient populations. Mechanical 
vibration at different frequencies and intensities has been widely 
used to improve muscle function and performance (Martinez et 
al., 2013; Torvinen et al., 2002). The vibration signals activate the 
muscle spindles, inducing reflexive activation of motor units 
(Pang et al., 2006). Thus, WBV training may reduce disability by 
improving balance, gait performance, and mobility in stroke pa-
tients (Yang et al., 2015). However, although several studies have 
demonstrated the effects of WBV therapy on the functional recov-
ery of the lower extremities, its benefit for subacute stroke pa-
tients has not been well established. Most rehabilitation therapies 
are known to be more effective when applied at an early stage. 
Thus, we hypothesized that early WBV therapy would be more 
effective in improving balance and gait performance. Therefore, 
the aim of this study was to investigate the effect of WBV therapy 
on lower extremity function in subacute stroke patients.
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MATERIALS AND METHODS

Participants
The study enrolled patients who referred to our medical center 

with a stroke. The participants were first-onset subacute stroke 
patients within 2 months of the incident and had motor weakness 
with walking disability. Patients were eligible if their scores in the 
Korean version of the Mini-Mental State Examination were 10 or 
above and their motor power of hip and knee extension was 3 or 
above on the Medical Research Council scale to ensure that they 
could undergo standing and gait training. Patients who had a 
cerebrovascular incident history or non-stroke-related sensory or 
motor impairments, used medications that could interfere with 
postural control, did not cooperate in assessment and therapy, or 
had contraindications for WBV, such as recent fractures, malig-
nancies, or a cardiac pacemaker, were excluded from the study.

Forty patients met the inclusion criteria. These patients were 
randomly divided into a WBV therapy group and a control 
group. Two participants could not be followed up because of 
health problems (Fig. 1). Therefore, 38 patients, 20 in the WBV 
group and 18 in the control group, completed the therapy and 
were included in the analysis. G Power 3.1 was used to calculate 
the required sample size. Based on a power of 80% and a two-
tailed alpha of 0.05, we calculated that the sample size required 
per group was 18. Assuming a 10% loss to follow-up, we estimat-
ed that the final sample size required was 20 per group—that is, a 
total of 40 patients.

Methods
All participants attended 20-min conventional therapy sessions 

twice daily, 5 times a week for 2 weeks. The therapy included 
standing balance and gait training provided by a physical thera-
pist. In each session, the patients in both groups additionally per-
formed 45 squats with the therapist’s assistance as appropriate. 
The patients in the WBV therapy group trained on a vibration 
platform (Sonix SW-VM10; Sonic World, Wonju, Korea), while 
those in the control group trained on the ground.

According to a systematic review and meta-analysis, various 
frequencies have been tested in WBV therapy to date, ranging 
from 5 to 40 Hz (Yang et al., 2015). However, there are currently 
no guidelines regarding the appropriate frequency and amplitude 
for WBV therapy in stroke patients. According to the instru-
ment’s guide, the recommended frequency for lower extremity 
training is 16 Hz. Since it was within the range of previous stud-
ies, we selected that frequency. The intensity of the stimulus pro-
vided by the instrument is adjustable to a range from 0 to 99. Af-
ter several trials, we set the intensity to 40, a moderate intensity 
for the patients.

Before the intervention, the participants’ age, gender, location 
and type of lesions, location of paralysis, time from stroke onset, 
and Mini-Mental State Examination (Korean version) scores were 
recorded. The degree of maximal isokinetic voluntary contraction 
torque was evaluated, and manual muscle tests were performed to 
evaluate lower extremity strength. The Berg Balance Scale was 
used to evaluate balance. The 10-m walking test, Timed Up and 
Go Test, and Functional Ambulation Category were used to eval-
uate gait performance. These evaluations were performed at base-
line and immediately after the 2-week therapy.

Maximal isokinetic voluntary contraction torque was measured 
on hip and knee flexion and extension on the affected side using 
an isokinetic multijoint test system (Biodex System 4, Biodex 
Medical Systems, Shirley, NY, USA). The highest values were de-
rived from three measurements for each. Manual muscle tests 
were performed on hip and knee flexion and extension on the af-
fected side according to the traditional method (G0–G5). The 
Berg Balance Scale tasks were performed according to the tester’s 
instructions. Each item was rated on a scale from 0 to 4 points, 
with a maximum total of 56 points. Higher scores indicate higher 
levels of function. In the 10-m walk test, each patient was asked 
to walk a distance of 14 m, and the time it took to cover 10 m 
was recorded. The Timed Up and Go Test measured how long it 
took the patient to get up from a chair with an armrest, walk 3 m, 
change direction, and return to the chair. The Functional Ambu-Fig. 1. Study flow diagram.
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lation Category was rated from 0 to 5, depending on the degree to 
which the patient required assistance to walk. 0 represents inabili-
ty to walk or requiring assistance from two or more persons, and 5 
represents ability to walk independently anywhere.

Statistical analysis
Statistical analysis was performed using IBM SPSS ver. 18.0 

(IBM Co., Armonk, NY, USA). The Mann-Whitney U-test was 
used for comparisons between the two groups. The Wilcoxon 
signed-rank test was used to evaluate differences in each patient’s 
maximal isokinetic voluntary contraction torque, manual muscle 
tests, Berg Balance Scale, 10-m walk test, Timed Up and Go Test, 
and Functional Ambulation Category before and after treatment. 
The level of statistical significance was set to P<0.05.

Ethics
The experimental procedures in this study complied with the 

1983 revision of the 1975 Declaration of Helsinki. Informed con-
sent was obtained from all participants after full explanations of 
the study’s purpose and methodology according to the ethical 
guidelines of our hospital. The study was approved by the hospi-
tal’s ethics committee (DAUHIRB-20-032).

RESULTS

Table 1 shows the baseline characteristics of the participants. 
There were no significant differences in age, gender, affected side, 
type of stroke, time from stroke onset, and baseline Mini-Mental 
State Examination, manual muscle tests, maximal isokinetic vol-
untary contraction torque, Berg Balance Scale, 10-m walk test, 
Timed Up and Go Test, and Functional Ambulation Category be-
tween the two groups.

After 2 weeks of therapy, the patients in both groups showed 
significant improvement in the manual muscle test of hip and 
knee flexion and extension (P<0.05). In the maximal isokinetic 
voluntary contraction torque of hip and knee flexion and knee ex-
tension, both groups also showed significant improvement (P< 
0.05) (Table 2).

The patients in both groups also significantly improved their 
Berg Balance Scale and Functional Ambulation Category scores 
(P<0.05). The WBV group also showed statistically significant 
improvement in the 10-m walk test (P<0.05). Neither group 
showed significant improvement in the Timed Up and Go Test 
(P>0.05) (Table 2).

The WBV group showed significantly greater improvement in 

the Berg Balance Scale, 10-m walk test, and Functional Ambula-
tion Category than the control group (P<0.05). Conversely, there 
were no statistically significant differences in maximal isokinetic 
voluntary contraction torque, manual muscle tests, or the Timed 
Up and Go Test between the two groups (P>0.05) (Table 3).

DISCUSSION

In this study, we compared the effects of WBV therapy with 
those of conventional rehabilitation therapy on the lower extremi-
ty function of subacute stroke patients. After the two-week thera-
py, the WBV group showed significant improvement in lower ex-
tremity strength, balance, and gait performance, as measured by 
manual muscle tests, maximal isokinetic voluntary contraction 
torque, and the Berg Balance Scale, 10-m walk test, and Func-
tional Ambulation Category. The control group also showed sta-
tistically significant improvement in the manual muscle tests, 

Table 1. Baseline characteristics of the two groups

Characteristic VG (n= 20) CG (n= 18) P-value

Age (yr) 57.20± 11.00 55.70± 10.40 0.173
Sex, male:female 8:12 7:11 0.850
Lesion
   Right:left 11:9 7:11 0.465
   Ischemic:hemorrhagic 15:5 10:8 0.206
   Supratentorial:
       infratentorial

16:4 15:3 0.850

Day from stroke onset 31.60± 15.18 28.00± 8.72 0.134
K-MMSE 18.60± 6.70 20.33± 2.08 0.356
MMT
   HF 3.10± 0.55 3.33± 0.58 0.395
   HE 3.20± 0.51 3.25± 0.30 0.255
   KF 3.21± 0.25 3.02± 0.45 0.455
   KE 3.60± 0.55 3.30± 0.23 0.495
MIT
   HF (N·m) 29.40± 5.72 31.67± 7.51 0.072
   HE (N·m) 22.60± 5.94 23.67± 4.73 0.174
   KF (N·m) 24.60± 6.11 22.33± 6.81 0.153
   KE (N·m) 33.40± 5.13 31.33± 8.50 0.230
BBS 35.40± 8.14 36.00± 12.17 0.272
10MWT (sec) 24.00± 5.79 22.45± 7.55 0.151
TUGT (sec) 22.00± 6.12 19.67± 6.43 0.252
FAC 3.20± 0.45 3.37± 0.58 0.271

Values are numbers or mean± standard deviation or number.
VG, vibration group; CG, control group; K-MMSE, Korean version of Mini-Mental 
State Examination; MMT, manual muscle test, affected side; HF, hip flexor; HE, hip 
extensor; KF, knee flexor; KE, knee extensor; MIT, maximal isokinetic voluntary con-
traction torque, affected side; BBS, Berg Balance Scale; 10MWT, 10-m walking 
test; TUGT, Timed Up and Go Test; FAC, Functional Ambulation Category.
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maximal isokinetic voluntary contraction torque, Berg Balance 
Scale, and Functional Ambulation Category. However, the WBV 
group showed greater improvement in the Berg Balance Scale, 
10-m walk test, and Functional Ambulation Category. The results 

suggest that additional training with WBV may effectively im-
prove the balance and gait performance of subacute stroke pa-
tients. We speculate that the improvement in balance through 
WBV therapy is closely related to improvements in the functional 
level and speed of walking.

Previous studies have reported that WBV therapy can improve 
balance through several mechanisms, including the modulation  
of the excitability of the spinal motoneuronal pool (Kipp et al., 
2011), the activation of motor units (Pang et al., 2006), and im-
proved proprioception (Fontana et al., 2005). The WBV platform 
generates vertical oscillations and horizontal movements. The 
contact surface of the platform transmits vibration stimuli from 
the feet to the rest of the body (Yang et al., 2015). WBV therapy 
is thought to activate the Ia and II afferent fibers (Nardone et al., 
2001) and tonic vibration reflexes by detecting the stretch of the 
muscle (Fontana et al., 2005). The effects can improve postural 
control and thus enhance proprioceptive function. These neuro-
muscular responses have been associated with improvements in 
the muscular strength and power of the lower extremities, flexi-
bility, gait speed, and balance, as well as reduced pain and risk of 
falls (Cochrane, 2011). Evidence also suggests that in young 
adults, WBV can exert a training effect on muscles by increasing 
tissue oxygenation (Games and Sefton, 2013), blood perfusion 
(Kerschan-Schindl et al., 2001), and intramuscular temperature 
(Cochrane et al., 2010).

Table 2. Changes of measurements by the therapy and clinical correlation between the two groups

Variable
VG (n= 20)

P-value
CG (n= 18)

P-value
Pre Post Pre Post

MMT
   HF 3.10± 0.55 3.60± 0.25 0.005* 3.33± 0.58 3.67± 0.38 0.015*
   HE 3.20± 0.51 3.70± 0.46 0.005* 3.25± 0.30 3.60± 0.52 0.020*
   KF 3.21± 0.25 3.60± 0.63 0.025* 3.02± 0.45 3.35± 0.51 0.007*
   KE 3.60± 0.55 4.10± 0.55 0.001* 3.30± 0.23 3.65± 0.23 0.010*
MIT
   HF (N·m) 29.40± 5.72 35.60± 4.93 0.032* 31.67± 7.51 35.90± 5.54 0.017*
   HE (N·m) 22.60± 5.94 29.20± 5.50 0.003* 23.67± 4.73 27.67± 6.43 0.047*
   KF (N·m) 24.60± 6.11 30.60± 4.22 0.030* 22.33± 6.81 27.33± 4.51 0.003*
   KE (N·m) 33.40± 5.13 39.80± 4.38 0.005* 31.33± 8.50 36.33± 6.21 0.002*
BBS 35.40± 8.14 46.80± 6.14 0.002* 36.00± 12.17 40.00± 15.62 0.027*
10MWT (sec) 24.00± 5.79 18.00± 3.54 0.032* 22.45± 7.55 19.67± 8.74 0.109
TUGT (sec) 22.00± 6.12 20.20± 3.63 0.068 19.67± 6.43 18.33± 6.81 0.102
FAC 3.20± 0.45 4.30± 0.50 0.006* 3.37± 0.58 3.70± 1.20 0.035*

Values are presented as mean± standard deviation.
VG, vibration group; CG, control group; MMT, manual muscle test, affected side; HF, hip flexor; HE, hip extensor; KF, knee flexor; KE, knee extensor; MIT, maximal isokinetic vol-
untary contraction torque, affected side; BBS, Berg Balance Scale; 10MWT, 10-meter walking test; TUGT, Timed Up and Go Test; FAC, Functional Ambulation Category.
*P< 0.05 by Wilcoxon signed-rank test.

Table 3. Comparison of the therapeutic effect between the two groups

Variable VG (n= 20) CG (n= 18) P-value

ΔMMT
   HF 0.50± 0.06 0.34± 0.30 0.089
   HE 0.50± 0.12 0.35± 0.58 0.135
   KF 0.39± 0.23 0.33± 0.18 0.754
   KE 0.51± 0.15 0.35± 0.20 0.059
ΔMIT
   HF (N·m) 6.20± 2.49 4.33± 2.31 0.079
   HE (N·m) 6.60± 2.07 4.00± 1.73 0.064
   KF (N·m) 6.00± 2.24 5.00± 1.52 0.535
   KE (N·m) 6.20± 0.89 5.00± 1.73 0.530
ΔBBS 11.40± 2.88 4.00± 3.46 0.012*
Δ10MWT (sec) -6.00± 2.35 -3.33± 1.53 0.037*
ΔTUGT (sec) -1.80± 1.59 -1.33± 0.58 0.539
ΔFAC 1.10± 0.45 0.33± 0.48 0.043*

Values are presented as mean± standard deviation.
VG, vibration group; CG, control group; MMT, manual muscle test, affected side; HF, 
hip flexor; HE, hip extensor; KF, knee flexor; KE, knee extensor; MIT, maximal isoki-
netic voluntary contraction torque, affected side; BBS, Berg Balance Scale; 10MWT, 
10-meter walking test; TUGT, Timed Up and Go Test; FAC, Functional Ambulation 
Category.
*P< 0.05 by Mann-Whitney U-test.
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A previous study using the Barthel index suggested that WBV 
therapy is more effective in improving functional performance 
than conventional rehabilitation (Van Nes et al., 2006). Another 
study reported that WBV therapy resulted in significant improve-
ments in the Barthel index in both a WBV group and a control 
group exercising with music (Merkert et al., 2011). Huh et al. 
(2015) found that balance control training improves both balance 
and gait. WBV stimulation appears to enhance weight-shifting to 
the hemiplegic side and improve balance control, thereby effec-
tively improving gait performance.

Several studies have reported mobility improvements after 
WBV therapy. Merkert et al. (2011) reported better performance 
on the Timed Up and Go Test in a WBV group after 3 weeks of 
therapy. Likewise, Silva et al. (2014) found that WBV therapy 
improved performance in the Timed Up and Go Test and 6-min 
walk test. Chan et al. (2012) observed significant improvements 
in walking speed after WBV therapy. Choi et al. (2017) found 
that WBV combined with treadmill training improved the walk-
ing speed, step length, and stride length of chronic stroke pa-
tients. Priplata et al. (2003) reported that WBV is useful for 
stimulating proprioception and can result in long-lasting postural 
improvement.

In contrast, other studies have concluded that WBV therapy 
does not significantly improve the postural balance or body func-
tion of stroke patients. Lau et al. (2012) found that a leg exercise 
protocol using WBV therapy was no more effective in improving 
neuro-motor performance besides reducing the incidence of falls 
in chronic stroke patients. Other studies observed no significant 
postural improvements irrespective of the outcome measures used 
and regardless of whether the control groups underwent the same 
training without WBV (Lau et al., 2012; Martin et al., 2013) or 
with WBV (Brogardh et al., 2012). Van Nes et al. (2006) report-
ed that although a 6-week WBV therapy improved balance, the 
improvement was not more significant than that in a control 
group.

A recent review concluded that the effects of WBV therapy on 
the muscle strength and mobility of stroke patients remain equiv-
ocal (Sañudo et al., 2018). We assume that this uncertainty is 
partly due to factors such as differences in patients’ functional 
states and a lack of standardization in the frequency, duration, and 
intensity of the treatment. Despite this uncertainty, our results 
suggest that WBV therapy may effectively improve balance and 
gait performance in subacute stroke patients. Because it showed 
additional benefits to conventional physical therapy, we consider 
it a clinically useful tool. WBV therapy has no complications, 

such as dizziness, lower limb soreness and fatigue, or an itching 
sensation (Tankisheva et al., 2014).

Furthermore, WBV can provide continuous treatment. Just 
standing on the vibrator platform can keep the patient’s muscle 
spindles active. It can thus be used as an alternative to conven-
tional rehabilitation treatment, especially in the absence of a phys-
ical therapist, to improve the standing balance of subacute stroke 
patients.

This study has certain limitations. First, it was conducted with 
a small sample size and a short follow-up period. Thus, further re-
search on a large population with a long follow-up period is re-
quired to determine the clinical efficacy of WBV therapy. Second, 
because we included only patients who were able to walk and 
stand, our results may not be generalizable to patients with differ-
ent functional states. Despite its limitations, this study suggests 
that additional training with WBV may effectively improve the 
balance and gait performance in subacute stroke patients.
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