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SUMMARY 
We examined the effects of different length of muscle 
vibration on the corticomotor excitability, using transcranial 
magnetic stimulation, and muscle selectively, employing  an 
index of selective activation, of the neural pathway controlling 
a thumb muscle, The relationship between vibration-induced 
changes of corticomotor excitability and active control of 
muscles was also quantified. The approaches and results 
provided could be used to evaluate the feasibility of using 
muscle vibration on neurorehabilitation. 
 
INTRODUCTION 
Studies reported that muscle vibration could induce a rapid 
plasticity of motor cortex and increase the cortical excitability. 
Muscle vibration could facilitate motor-evoked potentials 
(MEPs), elicited by transcranial magnetic stimulation (TMS), 
in the vibrated muscle while inhibiting MEPs in neighboring 
non-vibrated muscles in healthy subjects [1], and subject’s 
attention to the stimuli could affect the vibration-induced MEP 
modulations [2]. Our previous study has also demonstrated 
that vibration-induced MEP modulations could be found in 
chronic stroke individuals, which could potentially be used to 
develop rehabilitative strategies [3]. The MEPs of these 
studies were measured during muscle vibration. However, it is 
not studied how long the duration of prolong muscle vibration 
would affect the amount of corticomotor modulations and 
muscle selectivity in the muscle after vibration. To develop 
practically feasible rehabilitative strategy using muscle 
vibration, therefore, the purpose of this study is to quantify the 
effect of vibration duration on modulations of MEP and ability 
to control finger muscle without vibration. In addition, we will 
also quantify the relationship between vibration-induced 
changes in MEP and the ability to control finger muscle. 
 
 
METHODS 
Thirteen healthy subjects (6 females; age 24.6 ± 4.19 yrs; 12 
right handed) volunteered to this study. Small amplitude 
(80Hz) muscle vibration, amplitude just below the threshold 
for perceiving tonic vibration reflex or illusory movement, 
was applied to the abductor pollicis brevis (APB) muscle (2s 
of vibration interleaved with 2s rest) for 5, 10 and 15 minutes, 

in different dates, respectively. The order of the vibration 
duration was randomized across subjects.  
 
TMS-elicited MEPs were quantified before and after each 
vibration duration condition. Before each muscle vibration, we 
adjusted the intensity of TMS, applying to the contralateral 
cortical area controlling the APB muscle in the dominant hand, 
in order to induce MEP of approximately 1 mV, recorded by 
surface electromyography (EMG) of APB. The same TMS 
intensity was also used after vibration to quantify post-
vibration MEP at the same muscle. In addition, the subject was 
asked to perform, before and after muscle vibration, repetitive 
abduction/adduction of each finger on a horizontal plane with 
1 Hz for 10 seconds with EMG of APB was recorded. An 
index of selective activation (ISA) was then computed to 
quantify the ability to selectively control finger muscle pre- 
and post-vibration. The ISA was defined as [4]: 

 
ISA = [1- (A1/Aag + A2/Aag + A3/Aag + A4/Aag)/4] 
 
Where Aag is the average activation of APB (agonist) during 
thumb movement and A1,2,3,4 are the average activations during 
the instructed movements of the index, middle, ring and little 
fingers respectively when that muscle is not the agonist [4]. 
 
In addition to quantify MEP and ISA changes after vibration, 
we also determine the correlation between the vibration-
induced MEP and ISA changes. 
 
 
RESULTS AND DISCUSSION 
Different length of muscle vibration provided different effects 
on MEP in the rested APB and ISA of APB (p<0.05). MEP 
was significantly facilitated by a five-minute muscle vibration, 
but inhibited after 15-minute vibration (p<0.05), see Figure 1. 
In addition, a five-minute muscle vibration also improved 
muscle selectivity (ISA) (Figure 2) 
 
The relationship between MEP and ISA changes could be 
represented as a second-order polynomial (p<0.05). However, 
the relationship was different between two genders. For the 
females, the relationship was regressed better with a linear 
function (p<0.05); while for the males, the relationship could 



be expressed as a second-order polynomial (p>0.05). (Figures 
3 & 4). 
 

 

Figure 1:  Mean MEP in the rested APB after 5-, 10-, and 15-
minute vibration.  The # sign indicates statistically significant 
difference among MEP after 5-, 10- and 15-minute vibration 
(one way ANOVA, p<0.05). The * sign indicates statistically 
significant difference between MEP before and after 5-miunte 
and 15-miunte vibration (paired t-test, p<0.05). 
 

 
Figure 2:  Mean ISA of APB after 5-, 10-, and 15-minute 
vibration. The # sign indicates statistically significant 
difference among ISA after 5-, 10- and 15-minute vibration 
(one way ANOVA, p<0.05). The * sign indicates statistically 
significant difference between ISA before and after 5-miunte 
vibration (paired t-test, p<0.05). 
 

 
Figure 3:  Relationship between vibration-induced MEP 
change and ISA change. A second-order polynomial was used 
to fit the relationship (p<0.05).  
 

 
Figure 4:  Relationship between vibration-induced MEP 
change and ISA change in different genders. For the females, 
the relationship was represented as the linear function (y= 
0.1414x + 0.9101) (p<0.05). For the males, the relationship 
could be explained as a second-order polynomial (y = -
0.5197x2 + 1.1346x + 0.4576) (p>0.05). 
 
 
CONCLUSIONS 

We demonstrated that different length of muscle vibration 
duration could induce different effects on motor pathway 
excitability and the ability to selectively control thumb muscle. 
The relationship between vibration-induced MEP and ISA 
changes may not be linear, and this relationship may also be 
with gender difference. We will further conduct experimental 
and simulation studies to obtain more insights on the 
vibration-induced neurophysiological and biomechanical 
modulations, and determine the feasibility of using vibration 
on neurorehabilitation. 
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