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Abstract.	 [Purpose] The purpose of this study was to compare shoulder stabilization muscle activities according 
to postural changes during flexi-bar exercise. [Subjects] The subjects included 18 students (10 males, 8 females) at 
B University. [Methods] The subjects performed the following flexi-bar exercises: 1) medio-lateral oscillation with 
the 90° shoulder abduction, with the hand in the neutral position; 2) dorso-ventral oscillation with 90° shoulder 
flexion, with the hand in the neutral position; 3) superior-inferior oscillation with 90° shoulder flexion, with the 80° 
hand pronation. [Results] The activity of the serratus anterior showed significant differences between each position; 
however, activities of the upper trapezius and middle trapezius were not significantly different. [Conclusion] The 
results of this study indicate that posture control is important for selective strengthening of the serratus anterior 
muscle during flexi-bar exercises.
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INTRODUCTION

Normal functioning and stability of the shoulder joints 
is important to activities of daily living. These movements 
rely on the balance and interactions of the various joints that 
comprise the shoulder complex1). In addition, the shoulder 
joints are a region of frequent activity, and being susceptible 
to structural changes due to abnormal movements, can be 
easily damaged2). Imbalanced muscle activation, rather than 
an overall weakening of muscles surrounding the shoulder 
joints, mainly causes these changes3). Functional recovery 
using muscle rehabilitation training is used as a therapeutic 
approach4, 5).

The serratus anterior (SA) and the trapezius are the lead-
ing shoulder-stabilizing muscles. Excessive activation of the 
upper trapezius (UT) in patients with pain due to unstable 
shoulder causes abnormal shoulder joint movements and 
results in various types of shoulder damage due to malfunc-
tioning of the SA and compensatory actions of the UT6). An 
appropriate relationship between the length and tension of 
the muscles is required for selective muscle strengthening 
exercises, and proper posture is essential to induce optimal 
muscle lengths, strengths, and movements7). Currently, 

therapists focus exercise methods on the recovery of bal-
anced control between the shoulder stabilizer muscles8), 
and exercise methods using vibrations have recently been 
introduced to strengthen the stabilizers9).

The flexi-bar (FB) is a double oscillating exercise device 
that generates vibrations and is effective in the control of 
nerve roots, muscle strengthening, and proprioceptive feed-
back10). A previous study reported that bridging exercises 
combined with FB exercises increases activation of the trunk 
muscle11). Another study noted that this device generates 
higher levels of activation in the erector spinae muscle than 
that generated by a single oscillating device12). Previous 
studies involving FB exercises, however, focus more on the 
core muscles than shoulder muscles. Thus, the purpose of 
the present study was to compare the activation of shoulder-
stabilizing muscles by changing postures during shoulder 
exercises using the FB and to suggest effective and selective 
postures for muscle exercises.

SUBJECTS AND METHODS

Subjects
This study included 18 students (10 males, 8 females) 

attending B University in Cheonan, South Korea. The sub-
jects’ mean age was 20.56 ± 1.00 years, mean height was 
168.94 ± 8.71 cm, and mean weight was 62.17 ± 9.48 kg. 
The subjects who had shoulder, elbow, and or wrist pain 
during the six months prior to the study and those limited 
muscle strength or a limited range of upper-extremity joint 
motion, were excluded from subject selection. All study 
subjects received explanations about the study procedures, 
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voluntarily participated, and provided written informed 
consent. The experimental procedures were designed and 
conduced in accordance with the tenets of the Declaration 
of Helsinki.

Methods
In the present study, we used a double-oscillating FB de-

vice (FLEXIBAR®, Flexi-bar Inc., Germany) was 1,530 mm 
in length with a weight of 650 g, a thickness of 9 mm, and 
a vibration frequency of approximately 4.6 Hz. All study 
subjects were right-hand dominant. The subjects were first 
instructed to place their feet apart at shoulder width. The first 
posture involved maintaining shoulder abduction at 90° with 
hand in the neutral position so that they could hold the FB 
with, and medio-lateral oscillation in the frontal plane (pos-
ture 1). The second posture involved dorso-ventral oscillation 
in the sagittal plane while maintaining shoulder flexion at 
90° (posture 2). The third posture involved superior-inferior 
oscillation in the transverse plane with a shoulder flexion 
at 90°, and 80° hand pronation (posture 3). Each exercise 
was performed for 30 s with 3 repetitions. A rest interval of 
90 s was given after each set. The values measured during 
the during the mid-20 s of the 30-s exercise duration were 
collected, excluding the first and last 5 s of data11).

Muscle activity was measured using surface electromy-
ography (Trigno, Delsys Inc., USA). After removing body 
hair and keratin, and disinfecting the skin using alcohol to 
reduce skin resistance, electromyography was performed 
using 1-cm diameter Ag/AgCl electrodes with an inter-
electrode distance of 2 cm. The electrodes were attached to 
the UT (muscle belly in the middle between the C7 spinous 
process and the right acromioclavicular joint, which is the 
region of insertion of the trapezius)13), the middle trapezius 
(MT) (midway on a horizontal line between the root of the 
scapula spine and the T3 spinous process)14), and the SA (the 
muscle belly on the mid-axillary line of the right fifth rib)13). 
The sampling rate was set to 2,000 Hz, and the bandwidth 
was set between 400 and 500 Hz. During the exercises, to 
normalize electromyography signals from individual mus-
cles, the maximal voluntary isometric contraction (MVIC) 
of each muscle was measured for 5 s. To yield the MVIC, 
root-mean square values were obtained; of the 5 total mea-
surements for root-mean square values, the average of the 
middle 3 values (excluding the largest and smallest values) 
were used to calculate MVIC. The muscle activities of the 
UT, MT, and SA of each group were normalized to %MVIC.

Statistical analysis was conducted using SPSS for win-
dows (ver. 18.0). Repeated one-way ANOVA were used 
to analyze the data in order to compare differences in the 
activities of the UT, MT, and SA muscles according to types 
of posture. Multiple comparisons were examined using Bon-
ferroni’s correction. The statistical significance level was set 
to 0.05.

RESULTS

In the muscle activity comparison, posture 1 and 2 were 
MT, UT and SA was higher in the order. However, posture 
3 was MT, SA and UT. With regard to posture, there was a 
significant difference in muscle activity of the SA between 

each posture (p < 0.05); however, no significant differences 
were observed in UT or MT activity (both p > 0.05). Post-
hoc comparisons revealed that muscle activity of the SA was 
higher in posture 3 than in posture 1 or 2 (p < 0.05) (Table 1).

DISCUSSION

This study compared the activation of shoulder stabilizer 
muscles according to postural changes during shoulder exer-
cises using the FB. The UT and MT showed no differences 
in muscle activation with postural changes, whereas the SA 
exhibited statistically significant differences in muscle activ-
ity. Vibrations activate muscles connected by alpha motor 
neurons by stimulating sensory nerve fibers originating from 
the muscle spindle15). In addition, vibrations affect not only 
the spindles of muscles that are directly influenced by the 
vibrations, but also the spindles of the surrounding mus-
cles16). The vibrations caused by the FB are effective in the 
movement perception of patients with various neurological 
disorders, as well as, that of healthy adults, through the gen-
eration of strong proprioceptive stimuation17). In addition, 
this rehabilitation tool can be used in various kinetic chain 
movement patterns that enable scapular control through the 
activation of the shoulder muscles18).

Sugimoto et al.19) stated that shoulder joint rotation ex-
ercises using the FB and the thera-band produced no differ-
ences in muscle strength. However, Lister et al.20) reported 
that FB for shoulder-stabilizing exercises increased scapular 
activity more than that with general resistance devices. 
Concurrently, Eom et al.21) argued that exercises that provide 
dynamic environments increase myotility due to increases 
in myofibrils that engage in motor control. Additionally in 
rehabilitation programs for patients with shoulder pathol-
ogy, the importance of muscle strengthening of the trapezius 
and the SA, which are scapular upward rotators, is further 
emphasized22).

Sánchez-Zuriaga et al.23) stated that different postures 
did not result in different levels of muscle activation. On the 
other hand, Oliver et al.18) compared the levels of muscle 
activation of the UT when postures 1 and 3 were applied 
and reported higher levels of muscle activation in posture 
1. This result, which differs from that of the present study, 
may be because, in posture 1, the location of the FB grip and 
exercises using the FB were set in medio-lateral directions. 
Arora et al.12) reported that posture 3 showed higher levels 
of muscle activation in the anterior deltoid and the lumbo-
sacral erector spinae than posture 2 did. This is a similar 

Table 1.	Comparison of activities of the UT, MT, and 
SA in different postures

Posture 1 Posture 2 Posture 3
UT 52.8 (24.3) 56.3 (24.0) 61.0 (29.3)
MT 66.7 (26.1) 57.0 (18.5) 74.3 (22.7)
SA 38.3 (18.3) 51.1 (21.6) 67.5 (18.0)†‡

(unit: %MVIC) Mean (SD), *p<0.05, †significant dif-
ference between posture 1 and 3, ‡significant differ-
ence between posture 2 and 3, UT: upper trapezius, 
MT: middle trapezius, SA: serratus anterior
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result to that of the present study in terms of increases in 
muscle activation in posture 3; although, in the aforemen-
tioned study the authors assessed different muscles from 
those measured in the present study. A comparison of the 
levels of muscle activation according to exercise postures 
showed the following results: The UT showed 52.8%MVIC, 
56.3%MVIC, and 61.0%MVIC in postures 1, 2, and 3, 
respectively. The MT exhibited 66.7%MVIC, 57.0%MVIC, 
and 74.3%MVIC in postures 1, 2, and 3, respectively. The 
SA showed 38.3%MVIC, 51.1%MVIC, and 67.5%MVIC 
in postures 1, 2, and 3, respectively. The higher levels of 
muscle activation shown in posture 3 than in postures 1 and 
2 may be because the exercises were performed while the 
scapula was fixed rather than moving, and the activation of 
the SA increased to stabilize the scapula.

The results of the present study show higher levels of 
SA activation in postures that require stabilization of the 
scapula. As such, exercises with posture 3 may have induced 
high levels of muscle activation in the shoulder stabilizers, 
including the SA. Therefore, for treatment purposes, selec-
tive muscle strengthening exercises for specific shoulder 
stabilizers should be performed according to muscles. 
Nevertheless, this study has some limitations to be consid-
ered. The subjects of this study included a younger subset 
of males and females, and therefore, the results cannot be 
generalized for all age groups. In addition, the study could 
not effectively control compensatory actions such as lumbar 
lordosis, which could have been be caused by the subjects 
not having sufficient time to adapt to their assignment during 
the FB exercises. In this regard, future studies should com-
pare more postures with the activation of various muscles 
around the shoulder.
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