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Muscle activity and vibration transmissibility during whole-body vibration in chronic 

stroke  

 

Abstract 

Purpose: This study aimed to investigate the influence of whole-body vibration (WBV) frequency, 

amplitude and body posture on lower limb muscle activation among people with chronic stroke, 

and whether the EMG response to vibration stimulus differed between paretic and non-paretic side. 

The relationship between muscle activation and WBV transmission was examined. 

Method: Thirty-two participants with chronic stroke performed three different exercises on the 

WBV platform with different vibration conditions (frequency: 20 Hz, 30 Hz, 40 Hz; amplitude:0.8 

mm, 1.5 mm), or without vibration. Muscle activity in bilateral vastus medialis (VM), medial 

hamstrings (MH), tibialis anterior (TA), and medial gastrocnemius (MG) was measured by surface 

electromyography. Acceleration at the platform and bilateral hips and knees was measured by the 

tri-axial accelerometers. 

Results: Significantly greater muscle activity was observed in the bilateral MG (p<0.001), TA 

(p<0.001), and MH (p<0.001), but not VM, compared with the same exercises without WBV. 

WBV with higher amplitude or higher frequency led to greater augmentation of muscle activation 

(p<0.05). Body posture significantly affected leg muscle activation (p<0.001). WBV-induced 

muscle activation was largely similar between paretic and non-paretic sides, except the TA. 

Greater WBV-induced leg muscle activation was associated with lower WBV transmissibility 

measured at the more proximal joints (p<0.05).   
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Conclusion: Adding WBV to exercise significantly increased muscle activation in the MG, TA, 

and MH on both the paretic and non-paretic sides of chronic stroke survivors, and the increase was 

dependent on the WBV amplitude, frequency, and body posture. 

Key words: electromyography, rehabilitation, stroke, whole body vibration 

Introduction  

It is estimated that approximately 17 million people have a first-ever stroke annually 

worldwide.1 More than half of stroke survivors have chronic hemiparesis along with muscle 

weakness and functional disability.2 Much effort has been devoted to identifying effective 

interventions to tackle this problem among stroke survivors.  

Whole body vibration (WBV) has gained popularity in sports training and rehabilitation 

for its potential effect on increasing muscle strength.3 Individuals perform static or dynamic 

exercise on the WBV platform while mechanical stimuli are transmitted upward to the body via 

the feet.4 It is suggested that the vibration activates muscle spindles and causes α-motor neuron 

excitation, thus enhancing muscle activation.4 The sinusoidal vibration stimulation also exerts 

additional load on the neuromuscular system during WBV training, which is similar to that 

observed in resistance training.4 In addition, the augmented muscle activation during WBV 

training may contribute to vibration damping and minimize the potential damage to soft tissues 

(i.e., muscle tuning).5,6 However, no study has simultaneously measured the transmission of the 

vibration signals and muscle response during WBV. Thus, the muscle-tuning response has not yet 

been shown. 

Several studies have reported an increase in lower limb muscle activity during exposure to 

WBV in healthy young adults,7-22 older adults,23-25 and stroke survivors,26,27 as measured by 

surface electromyography (EMG). However, randomized controlled trials on the effect of WBV 
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treatment on leg muscle strength have yielded mixed results.28-32 The inconsistency in results may 

be due to the use of different WBV settings. Indeed, previous studies on healthy young adults 

indicated that muscle activation induced by WBV was highly dependent on the WBV 

frequency,7,10,13,14,16,18 WBV amplitude,13,16,18,25 additional load,22 posture,8,16,17,19 and a 

combination of these factors.33  

Stroke survivors may have increased fast-twitch (i.e., Type II muscle) muscle fibers and 

decreased slow-twitch type I muscle fibers.34 It is known that fast twitch fibers are more sensitive 

to vibration.35 Therefore, the muscle response to WBV in post-stroke patients may differ from that 

in their able-bodied counterparts. Despite the increasing popularity of applying WBV in stroke 

rehabilitation, only a few studies have investigated the EMG response during WBV in individuals 

with stroke, and the frequency and amplitude of the vibration signals were not varied 

independently in their testing protocols.26,27 

To address the knowledge gap in this field, this study aimed to investigate the effect of 

WBV amplitude, frequency, and body posture on lower limb muscle activation in people with 

chronic stroke, and to examine whether the EMG response to vibration differed between the paretic 

and non-paretic side. We also examined the relationship between muscle activation and WBV 

transmission. We hypothesized that 1) the addition of WBV would significantly increase muscle 

activation in all tested lower limb muscles compared with the no-WBV condition; 2) for a given 

posture, muscle activation would increase as the vibration frequency or amplitude increased; 3) 

for a given vibration frequency and amplitude, the increase in muscle activation would be affected 

by body posture; 4) WBV-induced muscle activation would be greater on the paretic than the non-

paretic side; and 5) higher WBV-induced muscle activation would be associated with lower WBV 

transmission in the more proximally located joints.  
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Materials and methods 

Study design  

This was an experimental study with repeated measures. The EMG signals of the bilateral 

lower limb muscles and the acceleration in the bilateral knees and hips were recorded in different 

WBV conditions in random orders. All of the measurements were completed in the university 

rehabilitation laboratory in a single visit lasting about 3 hours.  

Participants   

People with chronic stroke were recruited from the local community using convenience 

sampling. The inclusion criteria were (1) adults with a diagnosis of a hemispheric stroke > 6 

months; (2) medically stable; and (3) able to stand independently for at least 1 minute. The 

exclusion criteria were (1) brainstem or cerebellar stroke; (2) other neurological conditions; (3) 

serious musculoskeletal or cardiovascular diseases; (4) metal implants or recent fractures in the 

lower extremities or spine; and (5) pregnancy or menstruation. The study was approved by the 

Human Subjects Ethics Sub-committee of the University. All participants gave written informed 

consent before data collection.  

The demographic information was collected by interviewing the participants. Fugl-Meyer 

motor assessment scale-lower extremity (FMA-LE) was used to assess the motor function of the 

paretic leg by a physiotherapist.36 Higher scores of FMA-LE indicated less impaired motor 

function.36 Modified Ashworth Scale (MAS) was used to assess the spasticity of the ankle 

plantarflexors.37  Higher scores of MAS denoted more severe spasticity.37  

Surface electromyography 

The surface EMG activities of the bilateral medial gastrocnemius (MG), tibial anterior 

(TA), vastus medialis (VM), and medial hamstring (MH) muscles were recorded using Ag/AgCl 
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bipolar electrodes (Biometrics SX230, Gwent, United Kingdom). The reference electrode was 

placed on the right fibular head. After careful skin preparation, electrodes were attached to the skin 

and fixed with elastic tapes (Omnifix®, Hartmann-Conco, Heideman, Germany) according to the 

guidelines of the Surface EMG for a Non-invasive Assessment of Muscles project.38 The voltage 

signals were pre-amplified (gain=1000) and filtered (bandwidth=20–460 Hz) at the source. In 

addition, all electrodes and cables were secured with an elastic bandage to reduce motion artifacts.   

Assessment of maximum voluntary contraction  

The maximum voluntary contractions (MVC) during bilateral ankle 

plantarflexion/dorsiflexion and knee extension/flexion were assessed after a 5-minute warm-up 

period consisting of leg stretching and slow-paced walking exercises. The participants were seated 

on a chair with a backrest placed against a wall, thighs strapped by a belt and feet placed on a stool 

with the knees flexed at 60°. Participants were told to hold onto the edge of the chair on each side 

for further stabilization. To measure the MVC during knee extension (i.e., VM muscle) and flexion 

(i.e., MH muscle), the tested lower leg was strapped using a non-elastic belt that was attached to a 

fixed structure. Participants were asked to perform an isometric knee extension or flexion by 

pushing/pulling against the belt for 5 seconds, with maximal effort. To test the MVC during ankle 

plantarflexion (i.e., MG muscle) and dorsiflexion (i.e., TA muscle), the knee was placed in a fully 

extended position with support and the foot was placed in a neutral dorsiflexion/plantar-flexion 

position.39 To measure the MVC during ankle plantarflexion, the ankle was in a neutral position, 

and the participants were asked to isometrically push the ankle against the wedge with maximal 

effort for 5 seconds. To test ankle dorsiflexion, the participants performed a maximal isometric 

ankle dorsiflexion by pushing against the assessor’s hands for 5 seconds.39 The assessor placed the 

hands on the dorsum of the tested foot while leaning backward during testing. In this way, the 
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resistance provided by the assessor was mainly from his/her body weight, rather than the hands 

only. This would ensure accurate testing of the MVC on the non-paretic side, which is typically 

stronger than the paretic side. Verbal encouragement was given during the contractions. Three 

trials were performed for each muscle, with a 2-minute rest interval between trials.39  

Vibration acceleration recoding  

Each of the four tri-axial accelerometers (Dytran Model 7523A5, Chatsworth, Canada) 

was fixed on a custom-made polyester board (weight 10 g; Otto Bock, Duderstadt, Germany) using 

screws.40 Using elastic tapes and self-adherent wraps (Coban®, 3M, Saint Paul, US), the boards 

were then fixed to the skin overlying the medial condyle of the femur (knee) and greater trochanter 

(hip) bilaterally.40 An additional tri-axial accelerometer was mounted on the center of the WBV 

platform to assess acceleration at the platform level.40 To ensure proper alignment of the axis 

coordinates, the accelerometers were calibrated and their spatial orientation were carefully 

checked prior to data collection.40 

WBV exercise protocols 

A WBV device (Fitvibe Excel, Gymna Uniphy, Belgium) was used to generate sinusoidal 

vertical vibrations. The WBV intensity (i.e. peak acceleration) was determined by the vibration 

frequency and amplitude, using the formula apeak=(2πf)2A, where f and A denote frequency and 

baseline-to-peak amplitude, respectively 4. Our WBV protocols involved two vibration  

amplitudes (low: 0.8 mm; high: 1.5 mm) and three vibration frequencies (20 Hz, 30 Hz, 40 Hz), 

thus generating six WBV conditions (Table 1). A control condition without WBV (frequencty=0 

Hz, amplitude=0 mm) was also accessed. In all seven testing conditions (six WBV conditions 

and one no-WBV condition), each participant assumed three different static body postures (Table 

2). Therefore, there were 21 testing conditions, each involving a specific combination of WBV 
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amplitude, frequency, and body posture. These vibration parameters were chosen because they 

have been used in previous WBV studies of people with stroke and were proven to be safe.40  

The 21 conditions were tested in random order and two trials were performed for each 

condition. Each trial lasted 15 seconds with at least a 1-minute rest period between trials. During 

testing, the participants were instructed to stand barefoot while placing equal body weight on 

each foot, and to put two feet in parallel at shoulder-width distance on the vibration platform. For 

preventing falls, all participants were required to slightly hold the handrail. The bilateral knee 

flexion angle was monitored by two goniometers (BaselineÒ HiResi plastic 360ISOM 

Goniometer, Fabrication Enterprises, White Plains, NY) attached to the lateral aspect of each 

knee. Practice trials were conducted before the actual data collection. Two researchers stood 

close to each participant to ensure safety and appropriate posture. Once any discomfort was 

reported, the trial would be stopped instantly.  

Data processing 

The acceleration and EMG signals were synchronously recorded and digitized using 

LabVIEW™ (version 8.6, National Instruments, Austin, US) connected to a USB multiplexer card 

(NI USB-6218, National Instruments, Newbury, UK) with a 20-bit resolution and 1000 Hz 

sampling frequency.  

The acceleration data was analyzed using a custom written script in MATLAB (version 

R2014b, MathWorks, Natick, US). For each 15-second trial, the data from the 5th to the 10th second 

were selected for analysis. After removing the DC offset due to the gravitational acceleration, the 

root-mean-square (RMS) value of the absolute acceleration was calculated for each vibration trial, 

which was the resultant acceleration derived from the vector sum of the x, y, z-axis.40 The 

transmissibility of vibration to specific body site is a ratio which was computed as (acceleration 
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RMS of the specific body site )/( acceleration RMS of the WBV platform).40 The acceleration 

signals at the platform were also analyzed in the frequency domain by applying a fast Fourier 

transform to identify the platform’s nominal frequency (i.e., the dominant frequency of the 

platform).40  

The EMG data were processed using a customized program in LabVIEW. The frequency 

domain of the collected raw EMG data was checked. Motion artifacts indicated by prominent 

peaks were noted at the nominal frequency and its integral multiples.9,41 Thus, all EMG data were 

filtered using a second-order Butterworth band-pass filter with a cut-off of 20-300 Hz and 4th-

order Butterworth band-stop filter with cut-off frequencies of 20 Hz, 30 Hz, 40 Hz, and 50 Hz 

(i.e., local alternating current frequency) and their harmonics. The data were then rectified, and 

the RMS (EMGrms) was calculated in 100 ms windows around every data point.9 The EMGrms 

values of the two test trials were averaged to obtain the mean value for each testing condition. For 

each muscle, the highest EMGrms portion of 100 ms duration from three MVC trails for each 

muscle was extracted and averaged,39 which was then used for normalization of the EMGrms value 

in each WBV condition.27 Thus, the EMG activation of each muscle measured in each WBV 

condition was expressed as a percentage of the EMGrms obtained during the maximum voluntary 

contraction (i.e., EMGmvc%).27 The following formula was used to quantify the augmented muscle 

activation during WBV (EMG ratio).9,17 

EMG ratio=
EMGmvc%  of each WBV trial 

EMGmvc% of the same body posture without vibration 
  

A value greater than 100% indicates augmented neuromuscular activation with added WBV. 

Statistical analysis 

Statistical analyses were performed using SPSS (version 22, IBM, Armonk, NY). A value 

of p < 0.05 was considered to be statistically significant. In all ANOVA models, the dependent 
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variable (EMGmvc% or EMG ratio) was positively skewed, as determined by the Shapiro-Wilk test 

and probability-probability plot. Thus, the Box-Cox transformation was applied to the data to 

obtain normally distributed responses.9,42  

To determine the effects of WBV on EMG (i.e., hypothesis 1), two-way repeated measures 

ANOVA [vibration intensity (7 levels) × posture (3 levels)] was used to compare the EMGmvc% 

values for the MG, TA, VM, and MH on each side. If the analysis showed that adding WBV 

significantly increased the muscle activation, four-way repeated measures ANOVA [i.e., body 

sides (2 sides) × WBV frequency (3 levels) × WBV amplitude (2 levels) × body posture (3 levels)] 

would be used to test the main effect of WBV frequency, amplitude, and body posture on EMG 

ratio (hypotheses 2-3) and check whether the increased muscle activation differed between the two 

sides (hypothesis 4). Partial eta squared (ŋp
2) values of 0.14, 0.06, and 0.01 represent large, 

medium, and small effect sizes, respectively.43 A post-hoc analysis using a paired t-test with 

Bonferroni adjustment was performed if a significant main effect was found in the ANOVA 

models.  

Finally, the relationship between the WBV-induced muscle activation (EMG ratio) and 

WBV transmissibility in the knee or hip of each leg was evaluated using Pearson’s correlations. 

Specifically, we examined the correlation (1) between the EMG ratio of the MG or TA and the 

transmissibility in the knee of each leg, and (2) between the EMG ratio of the MG, TA, MH, or 

VM and the transmissibility in the hip of each leg.  

Results 

Thirty-two participants with chronic stroke (women/men ratio:0.6; mean age±SD: 62.1 ±

6.8 years) completed all of the tests. During the study, no adverse effects (e.g., dizziness, fatigue) 
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were reported. The demographic results are presented in Table 3. The actual vibration frequencies 

delivered by the WBV device were 20, 30, and 38 Hz, as verified by the accelerometer. The 

average peak acceleration of the WBV platform at each nominal setting ranged from 1.11 g to 

7.00g (Table 1). 

Effect of adding WBV on muscle activation 

There were significant main effects of vibration intensity on the bilateral MG (p<0.001, 

ŋp
2=0.749-0.780), MH (p<0.001, ŋp

2=0.489-0.545), TA (p<0.001, ŋp
2=0.507--0.520), and VM 

(p<0.001, ŋp
2=0.287-0.564). However, post-hoc analysis showed that adding WBV significantly 

increased EMG signals in the bilateral MG, MH, and TA, but not the VM (Figure 1). Overall, the 

highest level of muscle activation (EMGmvc%) was found in forefoot standing for the bilateral MG 

and MH, and in deep squat for the bilateral VM (supplementary figure 2).  

Effect of WBV amplitude, frequency and posture on WBV-induced muscle activation  

As the above analyses showed that adding WBV increased the muscle activity in MG, MH, 

and TA, further analyses using 4-way ANOVA with repeated measures were done to examine the 

independent effect of WBV amplitude, frequency and posture on activation of these three muscle 

groups. A significant main effect of WBV amplitude was found in all tested muscles, with higher 

amplitudes leading to significantly greater increases in EMG (i.e., EMG ratio >100%) (p<0.05, 

ŋp
2=0.212–0.597, Figure 2a and supplementary figure 1a). A significant main effect of frequency 

on EMG ratio was found in the bilateral MG (p<0.001, ŋp
2=0.290–0.465), bilateral MH (p<0.001, 

ŋp
2=0.377–0.448), and bilateral TA (p<0.05, ŋp

2=0.109-0.190) (Figure 2b and supplementary 

figure 1b). Post-hoc analysis showed that the highest EMG ratio occurred at 40 Hz (Figure 2). A 

significant main effect of body posture was found in the bilateral MG (p<0.001, ŋp
2=0.295–0.411) 
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and bilateral TA (p<0.05, ŋp
2=0.171–0.196)(Figure 2c and supplementary figure 2). The highest 

EMG ratio was found in the high squat position for the bilateral MG and TA (Figure 2).  

Difference in WBV-induced muscle activation between the paretic and non-paretic side 

There was no significant difference in WBV-induced muscle activation between the two 

sides, with the exception of the TA, where the EMG ratio was higher on the non-paretic than the 

paretic side (p=0.047).  

Relationship between WBV-induced muscle activation and WBV transmissibility  

Significant negative associations were found between the transmissibility in the paretic 

knee and the EMG ratio of the paretic MG (p<0.001) and TA (p<0.001) (Table 4). Transmissibility 

measured at the paretic hip was significantly negatively associated with the EMG ratio of the 

paretic MG (p<0.001), TA (p<0.001), and MH (p<0.001). On the non-paretic side, the 

transmissibility in the knee was significantly negatively associated with the EMG ratio of the non-

paretic TA (p=0.008), and the transmissibility in the hip was negatively correlated with the EMG 

ratio of the MH (p<0.001) and VM (p<0.001). 

Discussion  

The key findings of the study were as follows: (1) adding WBV significantly increased 

muscle activation in the bilateral MG, TA, and MH, but not the VM; (2) increasing the amplitude 

or frequency of the WBV led to greater augmentation of muscle activation; (3) the WBV-induced 

muscle activation was affected by body posture; (4) the bilateral WBV-induced muscle activation 

was largely similar; and (5) greater WBV-induced leg muscle activation was associated with lower 

WBV transmissibility measured at the more proximal joints.   
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The first and second hypotheses were partially supported by the finding that activation of 

the bilateral MG, TA, and MH was enhanced by the addition of WBV. Moreover, higher WBV 

intensities (1.11–7.00 g) led to higher levels of muscle activation in bilateral MG (paretic: +54.8-

269.3%; non-paretic: +49.3–301.0%), TA (paretic: +43.7-221.9%; non-paretic: +93.4-573.4%), 

and MH (paretic: +129.7-230.4%; non-paretic: +44.6-136.5%). These values are generally in line 

with those reported in previous studies in young healthy adults,9,13,18-20,44 older adults,23-25 and 

stroke patients26,27 when using a similar EMG processing method. The degree of muscle activation 

induced by WBV was higher than that in the young healthy population. For instance, the healthy 

young subjects in the study by Abercromby et al. assumed a similar squatting position while being 

exposed to a vibration intensity up to 7.24 g.9 The reported increases in EMG were 132%, 223%, 

and 9% in the MG, TA, and MH, respectively, which were lower than the values reported here.9 

The higher degree of muscle activation among the stroke survivors may be due to the muscle fiber 

properties. Compared with healthy young adults, people with chronic stroke have a higher 

proportion of fast-twitch fibers,34 which are more sensitive to vibration stimuli.35 This may 

partially explain why the WBV-induced increase in leg muscle activity was more substantial 

among chronic stroke survivors.23 

Contrary to our hypothesis, the results demonstrated that the EMG of the bilateral VM was 

not enhanced by additional WBV. Indeed, previous studies on the effects of WBV on knee extensor 

activation have reported inconsistent results, with some finding positive effects9,12,18,44 and others 

negative effects.15,20,24 In the no-WBV condition, the activation level of the VM was highest among 

the tested muscles (Figure 1). Additional WBV may thus be less effective in further augmenting 

the EMG activity. This may also explain why long-term WBV treatment failed to increase knee 

extensor strength among people with chronic stroke in previous trials.28,30-32 
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Our third hypothesis that WBV-evoked muscle activity would increase with increasing 

vibration frequency/amplitude was partly supported by our findings. Generally, the WBV-induced 

EMG was more affected by the WBV amplitude than the WBV frequency. First, the effect of 

amplitude was significant in all measured lower limb muscles, whereas the effect of frequency was 

significant in only a few WBV conditions for the bilateral MG, TA, and MH. Second, the effect 

size for the amplitude effect was generally greater than that for the frequency effect. This 

observation is largely in line with regression models for predicting muscle activation by WBV in 

young healthy adults.13,16,17 In their models, the amplitude rather than the frequency of vibration 

was able to significantly predict muscle activation during WBV.18 

Body posture was found to influence the WBV-induced muscle activation on the bilateral 

MG, TA, and MH, thus supporting our third hypothesis. The highest increase in EMG with WBV 

was observed in the high squat position, which is in concordance with previous studies in healthy 

young adults.9,16 Muscle activation was lower at baseline in the high squat than the deep squat 

position, thus the increase in EMG by WBV was more apparent.  

The difference between the paretic and non-paretic side was only observed in the TA 

muscle (i.e., hypothesis 4), as the WBV-induced muscle activation was greater on the non-paretic 

side. Weakness in the paretic TA muscle is common among chronic stroke survivors.45 Therefore, 

the motor excitation induced by WBV may be small due to impaired motor recruitment on the 

paretic side.46 

The muscle tuning hypothesis (i.e., hypothesis 5) was supported as the decreased WBV 

transmissibility measured at a given joint was associated with increased activation of the leg 

muscles located more caudal to the joint. According to the muscle tuning hypothesis, there would 

be an increase of muscle activity when the input vibration frequency is close to the natural 
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frequency of the muscle.6 It is also known that muscle and bony structures vibrate at the same 

frequency as the platform.40,47,48  Transmissibility of vibration to the muscles, however, was 

dependent on the vibration frequency, amplitude, body posture and the individual muscle of 

interest.40,47,49 For example, Friesenbichler et al. showed that the transmissibility measured at 

triceps surae and quadriceps soft tissue compartments was higher at 10 Hz than that at 28 Hz. At 

the same frequency of 28 Hz, the transmissibility was much higher for the triceps surae than the 

quadriceps.47 The muscle tuning theory may explain why the same vibration protocol may lead to 

varying degrees of muscle activity augmentation in different muscles. The increased muscle 

activity may in turn damp the vibration and reduce the impact forces, thereby minimizing the 

potential risk of damage to other body structures.5,9,13,19,22 

A few limitations of the study should be acknowledged. First, the band-stop filter was 

applied to minimize the motion artifacts, which might underestimate muscle activation. However, 

the conservative approach confirmed that the increase in EMG reflected a true increase in 

neuromuscular activation.9 Second, we assessed the impact of stroke on WBV-induced EMG 

activity by comparing the paretic with the non-paretic side. While such within-subject comparisons 

would eliminate the influence of some confounding variables such as genetic or environmental 

factors, the non-paretic side may not respond to WBV in the same fashion as a healthy control 

participant. Third, only people with chronic stroke with mild to moderate motor impairment were 

included in this study. Stroke survivors with other levels of motor impairment should be included 

in future studies.  

In summary, adding WBV to exercise significantly increased muscle activation in the MG, 

TA, and MH on both the paretic and non-paretic sides of chronic stroke survivors, and the increase 

was dependent on the WBV amplitude, frequency, and body posture. With the exception of the 
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TA, the effect of WBV was similar between the two sides. A greater level of EMG activity was 

associated with greater attenuation of the signals at more proximal anatomical sites, thus 

supporting the muscle tuning mechanism of WBV exercise. 

Perspective 

Our study has important clinical implications. First, WBV can effectively increase muscle 

activation in the MG, TA, and MH even when assuming a static squatting posture. This is an 

important factor for people who may have impaired mobility functions after a disabling stroke and 

thus have difficulty with performing other forms of exercise. Second, higher WBV frequency or 

amplitude induces substantially higher levels of leg muscle activation, which in turns leads to 

lower transmissibility to the upper body.40 Considering these factors, a squatting position with 

WBV at 30–40 Hz with a high amplitude (e.g., 1.5 mm) is an appropriate choice if the treatment 

goal is to enhance leg muscle activation.  
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Figure legend 

Figure 1. EMG amplitude (EMGmvc%) of tested muscles during exposure to WBV of seven 

different magnitudes. 

Figure 1 illustrates the EMG data (expressed in %MVC) in the paretic (a) and non-paretic (b) 

sides under 7 different WBV intensities ranging from 0 to 7.00 g. For each WBV intensity, the 

data for the 3 different postures were pooled; g denotes the gravitational force, which was 

9.81m/s2. The error bars represent one standardized error of the mean. *Significantly greater 

muscle activation relative to the control condition without WBV (i.e., 0) (post-hoc analysis using 

paired t-test with Bonferroni adjustment, p<0.05). 

MG: medial gastrocnemius; MH: medial hamstrings; TA: tibialis anterior; VM: vastus medialis; 

L: low amplitude; H: high amplitude; HS: high-squat; DS: deep-squat; FF: forefoot standing.  

 

Figure 2. Effect of vibration frequency, amplitude and body posture on WBV-induced 

muscle activition 

This figure illustrates the effect of WBV frequency (a), amplitude (b), and body posture (c) on 

muscle activity. The data were expressed as a ratio of the EMGmvc% during the WBV condition to 

that during the no-WBV condition (%).  A value of 100% indicates the EMG amplitude between 

the WBV and no-WBV conditions is the same, whereas a value greater than 100% indicates the 

EMG amplitude is increased by WBV. In Figure 2a and 2b,  the EMG data was pooled from the 

various postures to illustrate the main effect of frequency and amplitude, respectively. In Figure 

2c, the data was pooled from different vibration frequencies and amplitudes to show the main 

effect of posture. The error bars represent one standardized error of the mean.  
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MG: medial gastrocnemius; MH: medial hamstrings; TA: tibialis anterior; VM: vastus medialis; 

L: low amplitude; H: high amplitude; HS: high-squat; DS: deep-squat; FF: forefoot standing.  

(a) * denotes a significant difference from 20 Hz; † indicates a significant difference from 30 Hz;  

(b) ‡ denotes a significant difference in EMG ratio between low and high amplitude; (c) § denotes 

a significant difference from high squatting; †† denotes a significant difference from deep 

squatting (post-hoc analysis using paired t-test with Bonferroni adjustment, p<0.05).  




