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Acute Effects of Whole Body Vibration on Shoulder Muscular 
Strength and Joint Position Sense 

by  
Junggi Hong1, Mayachela T. Velez1, Abraham M. Moland1, Jeff A. Sullivan2 

Functional changes following whole body vibration (WBV) training have been attributed to adaptations in the 
neuromuscular system. However, these changes have mainly been observed in the lower extremity with minimal 
change to the upper extremity. The purpose of the study is to examine the acute effect of shoulder vibration on joint 
position sense and selected muscle performance characteristics (peak torque, time to peak torque, and power). Forty 
young individuals (19.84 ± 1.73 yrs, 171.41 ± 7.73 cm, 70.07 ± 9.32 kg) with no history of upper body injuries were 
randomly assigned to an experimental (Vibration) or control (No-Vibration) group. To assess shoulder propriocep-
tion, active and passive joint position senses were measured on both internal and external rotation of the shoulder. 
The muscle performance variables (peak torque and time to peak torque) were measured using isokinetic dynamome-
ter with the velocity of 60°/sec. After three bouts of 1 minute vibration training, the experimental group demon-
strated a significant improvement in the internal rotation peak torque, time to peak torque and external rotation 
time to peak torque (p<0.05). However, no-significant differences were revealed for joint position sense, external ro-
tation peak torque, and time to peak torque between the groups. Our findings suggest that short bouts of vibration 
treatment have a significant effect on shoulder muscle characteristics.  
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Introduction 
The glenohumeral joint's relatively poor osseous 

and capsuloligamentous stability necessitates a reli-
ance on neuromuscular proprioception and stabili-
zation more than any other joints in the human body 
(Barden et al., 2004). Proprioception refers to the in-
tegration of internal sensory information pertaining 
to joint position, muscle tension and location of the 
body part in space (Gooey et al., 2000). Propriocep-
tion contributes to the motor programming for neu-
romuscular control required for dynamic joint sta-
bility and also contributes to precision movements. 

Both dynamic stability of the shoulder joint and fine 
coordination of multi-joint movement sequences re-
quire rapid and accurate afferent input from the re-
ceptors around the shoulder joints and muscles in-
volved. A loss of proprioception would contribute to 
neuromuscular dysfunction and likely poor seg-
mental stability in the risk of injury. For example, 
numerous studies have shown that trauma to tissues 
that contain proprioceptors result in partial deaffer-
entation and major proprioceptive deficits in move-
ment control, which result in increased movements 
variability and the inability to maintain static pos-
tures. (Myers and Lephart, 2002; Lephart and Fu, 
2000). Therefore, use of exercises designed to main-
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tain and improve the integrity and functional stabil-
ity of the shoulder joint is considered to be an im-
portant element of most training and rehabilitation 
training process. 

Recently, whole body vibration (WBV) training 
has become increasingly used in sports training and 
injury treatment settings as an efficient neuromus-
cular training tool. A previous study suggests WBV 
exercises can not only enhance acute strength and 
power capabilities, but also improve proprioception 
(Fontana et al., 2002). For example, Fontana et al. 
(2002) reported that adding whole-body vibration to 
a simple weight-bearing exercise enhances lum-
bosacral position sense after a single 5-minute WBV 
session. Researchers have postulated that vibration 
provides the sensorimotor system with additional 
afferent input that may facilitate position sense 
(Bosco et al., 1999; Cardinale and Lim, 2003; Roelants 
et al., 2004; Torvinen et al., 2002 ).  

Several mechanisms for the acute effects of WBV 
training have been suggested, including neural ad-
aptation, related to increased muscle activation, 
caused by increased excitability input from muscle 
spindles exposed to a vibration (Abercromby et al., 
2007; Cardinale and Bosco, 2003). It has been hy-
pothesized that the enhanced muscle power ob-
served following acute vibration occurs via tonic vi-
bration reflex (TVR), whereby stimulation of muscle 
spindles (Ia afferents) results in reflex activation of 
motoneurones with increased spatial recruitment 
(Bishop et al., 1974; Bongiovanni and Hagbarth, 
1990). It has also been suggested that the increased 
level of neural drive following vibration training is 
closely related to increased muscle stiffness, which is 
known to contribute to joint position sensibility 
(Fontana et al., 2005; Jerosch and Prymka, 1996)  

Based on the theoretical mechanism of vibration 
training proposed by researchers, it is likely that in-
creased neural drive and muscle stiffness induced by 
WBV would enhance not only the shoulder muscular 
function but also shoulder propiroception. However, 
the lack of standardization of vibration training 
protocols and the lower extremities-focused studies, 
make it difficult to completely understand the un-
derlying mechanisms of how vibration training may 
affect upper body proprioception and muscle func-
tion (Bosco et al., 1999; Cardinale and Lim, 2003; 
Roelants et al., 2004; Torvinen et al., 2002). Therefore, 
the purpose of this study was to investigate the acute 
effects of whole body vibration on muscular function 
and joint position sense of the shoulder joint in 

young healthy individuals. We hypothesized that 
subjects in the vibration group would have increased 
muscle function and joint position sense (JPS) fol-
lowing acute exposure to vibration treatment. 

Methods 
Forty (18 female and 22 male) healthy individu-

als, between the ages of 18 and 35, participated in the 
study from Willamette University and the sur-
rounding community (Table 1). Participants were 
excluded from the study if they had experienced a 
shoulder injury within the 12 months prior to the 
study. The protocol was approved by the Willamette 
University Institution Review Board, and all partici-
pants gave written informed consent prior to en-
gaging in any study activities.  

Joint Position Sense (JPS) Testing 

Glenohumeral joint position sense (JPS) was as-
sessed with an isokinetic dynamometer (Biodex 
MultiJoint System 3 Pro, Biodex Medical, Inc., 
Shirley, NY) by employing a passive reproduction of 
passive positioning and active reproduction of pas-
sive positioning. A custom-designed shoulder posi-
tioning device secured the subject's limb to the dy-
namometer. Prior to testing, each subject's maximal 
passive external rotation range of motion (ERmax) of 
the dominant arm was measured while seated in the 
dynamometer's chair, with the shoulder in 90 degree 
abduction and neutral rotation. Two relative target 
angles were then calculated to evaluate JPS for each 
subject, based on 60% and 90% of the ERmax value 
of the dominat shoulder. Two previous studies have 
used a joint position sense testing protocol similar to 
the present study's to establish target angles (Jan-
watanankul et al., 2001; Swanik et al., 2002).  

Three practice trials were performed on the 
dominant limb to acquaint subjects with the JPS 
testing protocol. To begin testing, subjects were 
blindfolded while seated on the dynamometer, with 
their shoulder in a position of function in the frontal 
plane (90 degree of shoulder abduction, and elbow 
flexion in neutral rotation (Figure 1)). To minimize 

Table 1
Participants' demographics 

 Male Female 
Number of participants 22 18 
Age (yrs) 19.45 ± 1.78 20.23 ± 1.69 
Height (cm) 175.68 ± 9.21 167.14  ± 6.24 
Weight (kg) 73.82 ± 8.5 66.33 ± 10.15 
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sensory input from cutaneous receptors, a 5" wide 
stockinette was placed over the subject's arm, and an 
upper-extremity vacuum splint (Cramer Products, 
Inc., Gardener, Kansas) was applied and inflated 
evenly over the stockinette covering the fingers to 
the mid-brachium. The splinted limb was then se-
cured to the dynamometer's lever arm with a 6" 
elastic bandage. After a standardized warm-up ac-
quainting the subject with the dynamometer, the 
continuous passive motion (CPM) mode of the dy-
namometer was employed for JPS testing. 

The shoulder under investigation was passively 
rotated by the dynamometer at a velocity of 5°/sec 
from neutral rotation to one of the two target angles, 
60% ERmax or 90% ERmax. The order of JPS testing 
was counterbalanced between target positions to 
control for bias caused by learning and/or testing fa-
tigue. The target position was maintained for 10 sec-
onds with subjects verbally instructed to "focus on 
the position of their shoulder." The arm was then 
passively returned to the starting position at 30°/sec 
and rested for 5 seconds. The dynamometer then 
was activated to passively move the shoulder into 
external rotation at the initial velocity of 5°/sec. Sub-
jects were instructed to identify the target angle by 
pressing the dynamometer's hand-held cutoff switch 
to stop the dynamometer when they perceived that 
the target position had been reached. A total of 6 
successful trials were performed on the shoulder (3 
trials at 60% ERmax, 3 trials at 90% ERmax) 

To test active JPS, the shoulder under investiga-
tion was passively rotated by the dynamometer at a 
velocity of 5°/sec from neutral rotation to one of the 
two target angles, 60% ERmax or 90% ERmax. The 
target position was maintained for 10 seconds with 
subjects verbally instructed to "focus on the position 
of their shoulder." The arm was then passively re-

turned to the starting position at 30°/sec and rested 
for 5 seconds. Each subject was then asked to ac-
tively reposition the shoulder and to “stop” when he 
or she felt that the previous target angle had been 
reached (Sullivan, Hoffman and Harter, 2008). A to-
tal of 6 trials were performed on the same shoulder. 
The angle at which the subject stopped was recorded 
and subtracted from the initial preset angle. An av-
erage of the absolute value of the 12 errors was used 
for statistical analysis. The order of testing was 
counter-balanced for each subject (Table 2). 

Glenohumeral Muscular Strength Testing 

After joint position sense testing, subjects were 
seated in the chair of the isokinetic device in a rest-
ing position with the arm in 90º abduction and 90º 
elbow flexion with neutral rotation in the scapular 
plane (Figure 1). Concentric internal rotation (IR) 
and external rotation (ER) peak torques were meas-
ured using 5 maximal testing repetitions at 60º/sec.  

To orient subjects with the dynamometer testing 
protocol, 5 sub-maximal repetitions of IR/ER were 
performed at 60º/sec. The dynamometer’s gravity 
correction software feature was employed as gravity 
could potentially influence the internal rotation and 
external rotation strength values. The single highest 
peak torque value obtained from 5 maximal repeti-
tions was used for statistical analysis. 

Shoulder Vibration Training 

Subjects were sex stratified and assigned to either 
a Vibration (n=19) or No-Vibration group (n=21). 
Once baseline testing had been completed, partici-
pants were instructed to place their arms shoulder 
width apart on the vibration platform in a plank po-
sition, with their feet shoulder width apart on the 
ground. Researchers demonstrated the correct posi-
tion to prevent participants from arching their backs 
or raising their gluteals (Figure 2). Participants were 
instructed to hold this position for 1 minute for three 

 
 Figure 1 

Joint position sense testing position 

Table 2
Joint position sense testing protocols: a different protocol 
was chosen for each subject to control for bias caused by 

learning and/or testing fatigue 
JPS trials 

   1 2 3 4 5 6 
Protocol 1 60% 90% 60% 90% 60% 90% 
Protocol 2 90% 60% 90% 60% 90% 60% 
Protocol 3 60% 60% 90% 60% 90% 90% 
Protocol 4 90% 90% 60% 90% 60% 60% 
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sets, with a minute rest in between. Those in the 
treatment group experienced vertical vibration at an 
amplitude of 5 mm and at a frequency of 30Hz. 
Those in the control group maintained the same po-
sition for the same period of time without vibration. 
After the intervention, the same testing protocol 
from baseline testing was applied and the differ-
ences between the results analyzed. 

Statistical Analysis 

All statistical analyses were performed using the 
SPSS 16.0 software (SPSS, Inc., Chicago, IL). To as-
sess the effects of vibration training on shoulder 
isokinetic measures and joint position sense, 2 
(group) x 2 (time) mixed design ANOVA was used 
for each variable. Alpha was set at 0.05.  

Results 

Joint position sense 

The overall data for the JPS testing is shown in 
Table 3. After acute bouts of shoulder vibration ex-
posure, results revealed no significant differences 
between the vibration and No-Vibration groups in 
measurement for active reproduction of passive po-
sitioning at the reference of both 30% and 90% of 
external rotation (p=0.431 and p=0.792, respectively). 
For passive reproduction of passive positioning, 
there were also no significant differences revealed at 
either 30% or 90% of external rotation for all subjects 
(p=0.881 and p=0.525, respectively). 

The maximal isokinetic muscular strength, as 
measured by the shoulder internal and external ro-
tation of the dominant arm, is shown in Table 4. Af-
ter short vibration exposure, results revealed signifi-

cant group differences for internal rotation peak 
torque (p=0.042). External rotation peak torque im-
proved by 13.5% following treatment in the vibration 
group, although the change was not statistically sig-
nificant (p=0.058). The No-Vibration group did not 
show any significant changes in peak torque of IR 
and ER (p>.05) (Figure 3). 

The results revealed significant group differences 
for time to peak torque for both internal and external 

 
 Figure 2 

Experimental set up for vibration training 
in a push up position 

 

 
Figure 3 

Changes in glenohumeral IR and ER peak torque  
after WBV 

 

 

 
Figure 4 

Changes in glenohumeral IR and ER time to peak 
torque after WBV 
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rotation (p=0.037 and p=0.045, respectively). The No-
Vibration group did not show any notable changes 
for time to peak torque of IR and ER between pre- 
and post-testing (p>0.05) (Figure 4). 

Discussion 
The primary finding of the study was that three 

bouts of one-minute vibration treatment (30Hz and 5 
mm) resulted in significant improvements in both 
shoulder internal rotation peak torque, time to peak 
torque, and external rotation time to peak torque 
(p<0.05). The external rotation peak torque improved 
by 13% after the vibration treatment, however, the 
data analysis revealed the improvement of peak 
torque was statistically not significant (p=0.058). Al-
though statistical significance was not detected on 
ER peak torque, there was a tendency towards sig-
nificance with increased muscle activity, as seen in 
the IR peak torque. The results observed in the pre-
sent study are consistent with the findings demon-
strated in previous studies. Both Rittweger et al. 
(2003) and Ruiter et al. (2003) have demonstrated 
acute effects of WBV on muscular performance, as 
measured with vertical jump, maximal isometric 
force and maximal force rise time. Rittweger et al. 
(2003) assessed jump height, ground contact time, 
and tendon reflex before and after WBV stimulation 

in 19 healthy young volunteers (Rittweger et al., 
2003). The study showed that the subjects who per-
formed the squatting exercise on the vibration plat-
form had greater tendon reflex amplitude and vastus 
lateralis mean frequency during isometric torque. 
These authors suggested that superimposed vibra-
tion appears to elicit an alteration in neuromuscular 
recruitment patterns, which apparently enhance 
neuromuscular excitability (Rittweger et al., 2003; De 
Ruiter et al., 2003). 

Regarding the acute effects of vibration training 
on the upper extremity, a study by Bosco et al. (1999) 
investigated the effects of vibration training on up-
per arm muscle, and found that electromyography of 
the elbow flexors showed increased neural activity 
with the vibration stimulus, which was more than 
twice the baseline values. (Bosco et al., 1999). Al-
though most of these studies have focused on the 
lower extremity, the improvements in the shoulder 
muscle function observed in our study can be attrib-
uted to an increased enhancement of neuromuscular 
excitability (Wilcock et al., 2009). Theoretically, vi-
bration causes the afferent neurons from the muscle 
spindles to become more sensitive to muscle stretch, 
which increases the activation of alpha motor neu-
rons in response. This response may lead to in-
creased motor unit recruitment, increased firing fre-
quency and/or improved muscular contraction, al-

Table 3  
Joint position sense absolute scores (Mean ± Standard Deviation) 

Vibration Group 
(n=19) 

No-Vibration Group 
(n=21) Position 

Pre Post Pre Post 
P value 

PJPS at 30% (º) 5.02 ± 1.80 5.23 ± 2.29 5.0 ± 2.08 5.12 ± 2.32 0.881 
PJPS at 90% (º) 4.91 ± 1.37 5.15 ± 2.16 5.21 ± 1.89 5.53 ± 2.38 0.525 
AJPS at 30% (º) 5.37 ± 2.13 5.63 ± 2.22 5.11± 2.00 5.23 ± 2.17 0.431 
AJPS at 90% (º) 6.29 ± 2.98 6.85 ± 2.68 6.5 ± 3.15 6.82 ± 3.02 0.792 0.792 

 
Table 4 

Glenohumeral IR and ER peak torque (Mean ± Standard Deviation) 
Vibration Group 

(n=19) 
No-Vibration Group 

(n=21)  
Pre Post Pre Post 

P value 

IR Peak Torque (Nm) 47.91 ± 5.41 57.27 ± 5.32 44.21 ± 5.24 46.06 ± 4.98 0.042 
ER Peak Torque (Nm) 38.87 ± 4.57 44.52 ± 5.65 36.08 ± 5.12 37.76 ± 4.97 0.058 

 
Table 5 

Glenohumeral IR and ER time to peak torque (Mean ± Standard Deviation 
Vibration Group 

(n=19) 
No-Vibration Group 

(n=21)  
Pre Post Pre Post 

P value 

IR Time to Peak Torque (ms) 583.43± 245.96 387.59± 158.14  564.47 ± 256.24 570.27± 239.87  0.037 
ER Time to Peak Torque (ms) 632.54± 262.72 454.45± 257.68  654.18 ±268.76 632.16 ± 282.05 0.045 
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lowing a quicker and more forceful muscular con-
traction when the muscle is rapidly stretched (Bosco 
et al., 1999; Wilcock et al., 2009).  

Another reason for the increased isokinetic peak 
torque and time to peak torque shown in the present 
study can be found in the connection between the 
roles of pre-activation and muscle stiffness (Riemann 
et al., 2002). Pre-activation and muscle stiffness are 
often addressed at the knee and ankle joints (McNair 
et al., 1992). In our study, the subjects in the Vibra-
tion group held the push up position for three bouts 
of 1 minute. Both arms were directly positioned on 
the vibration platform and the subjects were asked to 
hold the position while the vibration was applied. 
The No-Vibration group assumed the same position 
for the same amount of time. In order to hold this 
position, the subjects were isometrically contracting 
their arms and the shoulders, either against their 
body weight and gravity, or vibration. The lack of 
changes in isokinetic measures in the No-Vibration 
group suggest that the push up position without vi-
bration, for three bouts of 1 minute, did not induce 
any increased muscle activity. With regard to the ef-
fects of isomeric contraction with vibration, Aber-
cromby et al. (2007) demonstrated greater strength 
gains during isometric contractions, combined with 
acute vibration exposure. According to Roelants et 
al. (2006b), vibration effect can be larger in the pos-
ture in which the receptor-bearing muscle was more 
pre-activated (Roelants et al., 2006b). In addition, it 
was shown that even a small increase in pre-activa-
tion may lead to increased muscle spindle sensitivity 
because of alpha-gamma co-activation, which was 
known to increase muscle stiffness (Burke et al., 1976). 
In this respect, we believe that the push up position 
held during vibration treatment might have increased 
the level of pre-activation of the muscles around the 
shoulder and resulted in increased muscle strength. 

We hypothesized that acute vibration exposure to 
the shoulder joint would improve both passive and 
active joint position sense. The rationale for our hy-
pothesis was based on the theoretical mechanisms 
suggesting that vibration would have an effect, not 
only on the musculotendinous structures, but also on 
the joint structures, which indicates additional po-
tent sensory motor effects through the propriocep-
tive joint mechanoreceptors (Roll et al., 1980). In this 
respect, we examined both passive reproduction of 
passive positioning (PRPP) and active reproduction 
of passive positioning (ARPP) as our joint position 
sense testing variables. In theory, PRPP is known to 

receive JPS input mainly from capsuloligamentous 
receptors, and ARPP is more reliant on muscle re-
ceptors (muscle spindles and golgi tendon organs) 
(Gross, 1987; Myers et al., 2000). 

Contrary to our hypothesis, the results of the 
study did not reveal a significant training effect on 
absolute errors at the two different target angles of 
AJPS, or at the two different target angles of PJPS 
(p>0.05). These results contradict previous studies 
that recently demonstrated positive effects of vibra-
tion training on joint position sense (Fontana et al., 
2002; Tripp et al., 2009). Fontana et al. (2002) re-
ported that adding whole body vibration to a simple 
weight-bearing exercise enhances lumbosacral posi-
tion sense after a single 5-minute session. Although 
the vibration stimulus in this study was a handheld 
vibration, which is a different form of vibration 
compared to most recent vibration studies, another 
study by Tripp et al. (2009) reported that 15 Hz vi-
bration enhanced accuracy and decreased variability 
of elbow joint position sense. Regarding the respon-
sible mechanisms for such positive effects, the au-
thors have postulated that vibration provides the 
sensorimotor system with additional afferent input 
that may facilitate joint position sense. It has been 
also suggested that vibration increases joint stiffness 
by activation of joint mechanoreceptors and stimu-
lation of the gamma efferents, which is known to be 
closely associated with enhanced joint position sense 
(Fontana et al., 2002). 

Despite the contradicting results to earlier stud-
ies, a possible explanation for the unchanged joint 
position sense observed in our study can be found in 
the findings of a recent study by Radovanovic et al. 
(1998, 2002). According to the authors, vibration-in-
duced alternations in proprioceptive messages result 
in disturbances of both position and movement 
senses (Eklund and Hagbarth, 1965; Eklund, 1972; 
Goodwin et al., 1972; Jaric and Corcos, 1994). Fur-
thermore, this erroneous kinaesthetic information, 
derived from vibration-induced afferent inflow from 
muscle spindles, affects the performance of both 
slow and fast voluntary movements (Capaday et al., 
1981; Latash, 1993; Sittig et al., 1985). Since the varia-
tion in form of vibration and protocols used between 
our study and other studies suggest negative effects 
of vibration on JPS, a direct comparison and further 
elaboration does not possible at this point. However, 
to better understand the mechanisms by which vi-
bration may enhance JPS acuity, further investiga-
tion is warranted.  
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As in all research, our study had limitations and 
identified areas that warrant additional investiga-
tion. A larger sample size may have helped to eluci-
date the association between vibration training and 
muscular function. The present study only investi-
gated the acute effects of vibration training, how-
ever, chronic effects of vibration on muscle function 
and joint position sense in the upper extremity need 
to be examined as well. In future studies, researchers 
should include electromyography (EMG) or mech-
anomyography (MMG) to better examine any elec-
trical and mechanical changes in the muscle during 
or after vibration training. It is also recommended 
that researchers include clinical populations to in-
vestigate any implications for vibration training as a 
possible therapeutic aid. 

 
 

Conclusion 
The study observed acute improvements in 

shoulder internal rotation peak torque, time to peak 
torque and external rotation time to peak torque af-
ter three bouts of 1 minute vibration exposure. How-
ever, vibration training didn't appear to have an ef-
fect on either passive or active shoulder joint posi-
tion sense. The findings here may provide a means 
of isolating the effect of WBV on the neuromuscular 
system of the upper body, and perhaps may help re-
searchers involved in the health, fitness and thera-
peutic fields to better understand and determine the 
potential of WBV as an efficient interventional tool 
for rehabilitation and training. Further research is 
needed to investigate other mechanisms that may 
underlie the physiological responses and adaptation 
to WBV, and how these responses may occur among 
individuals with abnormal neuromuscular function. 
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