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Background: One of the main objectives of stroke rehabilitation is to alleviate

post-stroke spasticity. Over the recent years, many studies have explored the potential

benefits of whole-body vibration (WBV) treatment for post-stroke spasticity, but it is

still controversial.

Objective: The current study aims to assess the e�cacy and safety of WBV for

post-stroke spasticity and determine the appropriate application situation.

Methods: From their establishment until August 2022, the following databases were

searched: PubMed,Web of Science, Embase, Cochrane Central Register of Controlled

Trials (CENTRAL), Medline, China National Knowledge Infrastructure (CNKI), and

Wanfang. Only randomized controlled trials (RCTs) that were published in either

English or Chinese were taken into consideration. We independently filtered the

research, gathered the data from the studies, and evaluated the research quality

(Cochrane RoB tool) and the overall evidence quality (GRADE). Rev Man 5.4 software

was utilized to conduct statistical analysis.

Results: In this analysis, 11 RCTs with 475 patients that reported on the e�ectiveness

of WBV therapy for post-stroke spasticity were taken into account. Compared to

the control groups, the results revealed that WBV combined with conventional

rehabilitation at a vibration frequency lower than 20Hz (SMD = −0.58, 95% CI: −0.98

to−0.19,P= 0.004)wasmore e�ective in relieving upper (SMD=−0.53, 95%CI:−1.04

to 0.03, P = 0.03) and lower limb spasticity (SMD = −0.21, 95% CI: −0.40 to −0.01,

P= 0.04); similarly, it was superior for patients aged under 60 years (SMD=−0.41, 95%

CI: −0.66 to −0.17, P = 0.0008) with acute and subacute stroke (SMD = −0.39, 95%

CI: −0.68 to −0.09, P = 0.01). The valid vibration for reducing spasticity was found to

last for 10min (SMD=−0.41, 95% CI:−0.75 to−0.07, P= 0.02). None of the included

studies revealed any serious adverse impact.

Conclusion: Moderate-quality evidence demonstrated when WBV was used as an

adjuvant, vibration <20Hz for 10min was e�ective and secure in treating upper

and lower limb spasticity in patients with acute and subacute stroke under the age

of 60 years.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/, identifier:

CRD42022293951.
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3.4.4. Subgroup analysis based on spasticity sites
Regarding spasticity sites, for patients with upper limb spasticity,

WBV was more effective than the control treatments when added to

FIGURE 3

Summary of bias risk.

other treatments (SMD = −0.53, 95% CI: −1.04 to 0.03, P = 0.03)

(Figure 8); for patients with a lower limb (SMD = −0.21, 95% CI:

−0.40 to−0.01, P = 0.04), WBV was added to other therapies, and it

also outperformed the control treatments (Figure 8).

3.4.5. Subgroup analysis based on vibration
frequency

Regarding the vibration frequency selected in the included study,

it was also found that the signal distortion of the high-frequency

vibration (>30Hz) was more serious, while WBV frequencies below

20Hz may result in resonance effects, amplifying the vibration

signal and perhaps having negative effects (45). Therefore, we chose

to bounded 20 and 30Hz. Three studies revealed that vibration

frequencies below 20Hz were superior for reducing post-stroke

spasticity (38, 39, 43) (SMD = −0.58, 95% CI: −0.98 to −0.19,

P = 0.004) (Figure 9). However, for frequencies between 20Hz and

30Hz (SMD = −0.21, 95% CI: −0.42 to 0.01, P = 0.06), other

therapies did not benefit from the inclusion of WBV over the control

treatments (Figure 9).

3.4.6. Subgroup analysis based on vibration
duration

Regarding vibration duration, four studies (40, 42–44) performed

10min of vibration, and the effects of WBV were better than

those applied 5 and 15min of vibration to patients with spasticity

(SMD=−0.41, 95% CI:−0.75 to−0.07, P = 0.02) (Figure 10).

3.5. Long-term e�ects and adverse e�ects

A follow-up evaluation of WBV for spasticity post-stroke was

only reported in two randomized clinical trials (13, 23). Pang et al.

(13) reported that knee spasticity levels had a decreasing trend and

the MAS score was significantly lower than baseline at 1 month after

WBV, the MAS score of the ankle joint, however, did not significantly

change over time. Alp et al. (23) reported that ankle spasticity levels

decreased gradually at the 3- and 6-month follow-ups. As for the

adverse effects, in five studies, no notable serious adverse events

associated with WBV were reported (13, 26, 38, 40, 42). According

FIGURE 4

Bias risk bar chart.
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FIGURE 5

Forest plot analysis of the e�cacy of WBV on spasticity compared with control.

FIGURE 6

Forest plot analysis of the e�cacy of WBV in subgroups divided on the course of a stroke.

to one study (41), five modest side effects (fatigue, redness of the skin,

mild headache, and drowsiness) and 1 out of 84 patients experienced

mild knee pain following the WBV.

3.6. Publication bias

For each observation index, funnel plots were produced

(Supplementary Figure S2). The funnel plots show that the included

studies were generally symmetric and focused, indicating that there

was little to no indication of publication bias.

4. Discussion

This meta-analysis was intended to assess the effectiveness and

safety of WBV in treating individuals with post-stroke spasticity, and

simultaneously, an appropriate application scheme was also explored

by analyzing some possible influencing parameters or factors. Overall,

the analysis comprised a total of 11 trials with 475 individuals.

We identified moderate-quality proof that WBV was regarded as

a safe and effective adjunctive therapy in patients with post-stroke

spasticity, especially when used at a vibration frequency below 20Hz

for 10min, for patients with a stroke under the age of 60 years who

have post-stroke spasticity in their upper and lower limbs.

As mentioned in a prior review (24), it came to the conclusion

that there was weak proof that short-term WBV therapy lowers

lower limb spasticity in patients suffering neurological disorders,

which was consistent with our conclusion. Lucrezia et al. (46) also

found in contrast to chronic patients, those who were acute or

subacute appear to benefit from vibration therapy more. However,

the appropriateWBV treatment parameters for individuals with post-

stroke spasticity have not been identified by prior investigations.

Compared with early reviews (24, 46), this review conducted a

more comprehensive subgroup analysis of the factors that may

affect treatment efficacy, including age, stroke course, and vibration

parameters (frequency, time, and location). Given the available

research data, our study offered safe and effective WBV settings to

relieve post-stroke spasticity despite the lack of high-quality evidence.

However, a different systematic review (47) found inadequate data to
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FIGURE 7

Forest plot analysis of the e�cacy of WBV in subgroups divided on the basis of age.

FIGURE 8

Forest plot analysis of the e�cacy of WBV in subgroups divided on the basis of spasticity sites.

either support or disprove the claim that WBV can relieve spasticity

in patients with stroke. The short number of studies included the low

number of studies that produced statistically significant outcomes,

and the wide range of intervention strategies may be responsible for

this conclusion. As the studies evaluating howWBV affects muscular

spasticity post-stroke have significantly increased, we believe that the

conclusions of this study need to be further updated with increasing

evidence on the effectiveness of WBV for spasticity today.

As far as we are aware, this is the first meta-analysis to

thoroughly compile and evaluate the effectiveness and safety of WBV

in the treatment of post-stroke spasticity; besides, some influencing

parameters and factors were also explored, offering support for the

clinical application of WBV. Furthermore, from the results of the

subgroup analysis, we filled the current gap in the clinical use ofWBV

in post-stroke spasticity treatment by offering a reliable and secure

prescription for it. The Cochrane Collaboration’s guidelines and

criteria were strictly adhered to in this meta-analysis (31). In addition,

as determined by the strict inclusion and exclusion standards, the

most relevant randomized clinical studies were included. To prevent

conclusions from being biased ormisleading, we evaluated the quality
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FIGURE 9

Forest plot analysis of the e�cacy of WBV in subgroups divided on the basis of vibration frequency.

FIGURE 10

Forest plot analysis of the e�cacy of WBV in subgroups divided on the basis of vibration duration.

of the evidence using GRADEpro GDT (48). Subgroup analysis of the

moderate quality of evidence revealed WBV can reduce spasticity in

the upper and lower limb after stroke, which was consistent with the

conclusion of previous systematic reviews (49, 50). However, current

studies have focused on the upper and lower limbs, and there are few

studies on WBV for trunk muscle spasticity, and the effectiveness

of trunk spasms is difficult to conclude at present. Therefore, to

better comprehend how WBV affects post-stroke spasticity in other

clinically relevant body parts, especially the trunk, additional well-

designed randomized clinical trials are required.

This review found low-quality evidence that patients with both

acute and subacute stroke can benefit from WBV for post-stroke

spasticity. Considering that spasticity gradually increased within 1

month of onset, while stroke survivors often present with limb

weakness within 3 months (5), in survivors with acute and subacute

stroke, the spasticity reduction would have been more considerable.
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According to certain studies (50, 51), patients with an acute stroke

who receive low vibration frequency (20Hz) had stronger muscles

than those in the control group. However, this conclusion required

validation with more and higher quality RCTs due to the low quality

of the literature evidence. Due to the low quality of the literature data,

this finding needed to be validated with more randomized controlled

trials of higher quality. Moreover, varying degrees of impairment

may have different effects on soft tissue’s properties, such as how

muchmuscle atrophy, howmuchmuscle turns into connective tissue,

and how much sarcomere was lost (3), thus limiting the application

of WBV.

The present study found moderate-quality evidence that WBV

could effectively improve post-stroke spasticity at frequencies below

20Hz. Some studies (41, 52) suggested that an enhanced vibration

signal and possible negative effects can emerge from vibrations

at frequencies below 20Hz because of a significant resonance

effect, such as internal organ damage. However, three of the

included studies (37, 39, 44) used vibrations below 20Hz, among

which only a few produced mild adverse effects, and spasticity

alleviation outperformed that of the control group by a large margin.

Considering the outcomes of this study, WBV at frequencies <20Hz

can be applied to ameliorate post-stroke spasticity. We did not decide

to carry out a subgroup analysis for the study with a frequency

higher than 30Hz because of the small number of inclusions. Since

their greater peak acceleration values, high-frequency vibrations

(>30Hz) have the potential to cause damage (45), which may not

be appropriate for patients with chronic stroke, many of whom have

frail bones (53). Furthermore, the only included study (41) reported

that some patients showed fatigue and discomfort at high frequency

vibration. Some studies (54, 55) have shown that spasticity can be

effectively treated by inducing frequencies between 20 and 30Hz.

Therefore, to strengthen the evidence for therapeutic application,

more study is needed to confirm the impact and mechanism of

different vibration frequencies on post-stroke spasticity.

Regarding the WBV duration, post-stroke spasticity can be

effectively alleviated for the last 10min. Four included trials (40, 42–

44) that adopted a 10-min vibration time reported significant effects

on spasticity improvement, and no withdrawal from the trial due

to adverse effects. Hence, the present review suggests that 10min of

WBV as an adjunctive therapy was safe and effective for improving

post-stroke spasticity.

Another important parameter is the posture of the patient. Due

to the limited number of inclusions, only a systematic evaluation of

patient posture was performed. Patient postures in 10 studies were

standing posture, nine of which measured lower limb spasticity, and

one measured trunk spasticity. In the other two studies, patients were

in a seated posture, which studied upper limb spasticity. In research

involving WBV training in a standing position, the majority of

patients were asked to perform static or dynamic semi-squat training

instead of a static upright standing station. Studies have found that

static upright stations were prone to transmitting vibration to the

head, which can lead to adverse reactions such as dizziness (56).

There is plenty of evidence that knee flexion angles may impact

the transmission of vibration to the head, which should be avoided.

Abercromby et al. (57) demonstrated that when the knee flexion

angle rises from 10 to 30, it appears that head transmissibility

decreases, using a fixed setup (30Hz and 4mm). It can also be

utilized with dynamic motions for WBV. The response to dynamic

exercise was equivalent to static postures, according to a recent study

(58) that looked at transmissibility to the head (frequencies between

20 and 50Hz) during dynamic squats. Therefore, a certain knee

flexion Angle can reduce the transmission of vibration to the head

to reduce adverse reactions. Moreover, Boo et al. (59) found that

chronic stroke patients with whole-body vibration training in a seated

position had increased muscle tone and upper limb function. This

may be related to an improvement in the postural control ability.

Improving postural control can make arm movement more flexible

and improve activities of daily living (60). Verheyden et al. (61)

reported that sitting training was effective in improving postural

control. Hence, to enhance upper limb function, it was advised to

carry out rehabilitation activities while seated on shaky or moving

surfaces, such as the vibration platform.

There are certain restrictions on the current meta-analysis. First,

all the participants of this study were patients with mild to moderate

spastic stroke. There has not been enough research done on the

effectiveness ofWBV in patients suffering from severe spasticity, thus,

this conclusion may not be applied and extended to all patients with

post-stroke spasticity. Second, the potential long-term effects ofWBV

cannot be determined because only two studies had a 3–6-month

followed-up. Third, due to a variety of mixed factors, the results can

be biased to some extent. These limitations, to some extent, limit the

applicability of WBV and the credibility of the conclusions, and the

conclusions drawn should be treated with caution. To assess how

different vibrational parameters affect post-stroke spasticity, create

optional treatment protocols, and provide scientific justification for

the purpose of WBV therapeutic usage in the management of post-

stroke spasticity, additional prospective studies are required.

5. Conclusion

Based on current moderate evidence, it seems when used as an

adjuvant therapy for 10min at a frequency of <20Hz, whole-body

vibration has been proven to work best for upper and lower limb

spasticity in patients with acute and subacute strokes under the age of

60 years. Studies of better quality are required in the future to examine

its long-term safety and effectiveness, as well as the mechanism

of action.
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